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AMERICAN  PUBLISHER'S 

ADVERTISEMENT. 


Thb  very  considerable  increase  in  the  size  of  this  work, 
caused  by  the  elaborate  revision  of  Mr.  Watts,  has  led  to  its 
divisioii  in  England  into  two  Tolumes,  which  appeared  at  an 
interval  of  several  mouths.     In  reprinting  it,  by  the  use  of  a 
small  but  exceedingly  clear  type  it  has  been  compressed  into 
V3  one  volume,  which,  it  is  hoped,  will  be  found  not  unhandy  for 
.  -  studv  and  reference.     While  no  omissions  have  been  made,  the 
"  American  editor  has  felt  that  the  enlar^rement  of  the  work  has 
^  rendered  it  advisable  for  him  to  confine  his  additions  to  the 
V^»   nanx)west  compass.     In  the  portion  devoted  to  Organic  Chem- 
istry, the  very  recent  revision  by  Mr.  Watts  has  presented  so 
complete  a  view  of  the  most  modern  aspect  of  the  subject  that 
there  has  been  nothing  to  add-    In  the  earlier  portion,  however, 
some  few  discoveries,  announced  since  its  publication,  a  year 
ago,  have  been  introduced.     For  the  convenience  of  students 
who  are  not  familiar  with  the  Decimal  System  of  weights  and 
measures,  and  the  Centigrade  thermometer,  the  corresponding 
figures  of  the  standards  in  popular  use  have  been  introduced 
in  brackets.     This  will  afford  a  means  of  comparison,  by  atten- 
tion to  which  the  reader  can  readily  accustom  himself  to  the 
metric  system,  which  is  so  rapidly  superseding  all  others  in 
scientific  investigation. 

In  its  enlarged  and  improved  shape  it  is  hoped  that  the  work 
will  fully  maintain  its  claim  to  the  favor  which  it  has  so  long 
enjoyed  as  a  full  and  intelligible  guide  to  Chemical  Science. 

Philadelphia,  May,  1878. 
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PREFACE. 


The  design  of  this  work  is  to  offer  to  the  student  commenc- 
ing the  study  of  Ciiemistry  an  outline  of  the  general  principles 
of  that  science,  and  a  history  of  the  more  important  among  the 
very  numerous  bodies  which  Chemical  Investigations  have 
made  known  to  us.  It  has  no  pretensions  to  be  considered  a 
complete  treatise  on  the  subject,  but  is  intended  to  serve  as  an 
int  rod  action  to  the  larger  and  more  comprehensive  systematic 
works  in  our  own  language  and  in  those  of  the  Continent ;  and 
especially  to  prepare  the  student  for  the  perusal  of  original 
memoirs,  which,  in  conjunction  with  practical  instruction  in 
the  laboratory',  can  alone  afford  a  real  acquaintance  with  the 
spirit  of  research  and  the  resources  of  Chemical  Science. 

The  first  three  editions  were  prepared  by  the  Author,  the 
third  being  nearly  completed  shortly  before  his  death  in  Jan- 
uary'', 1849,  and  published  at  the  beginning  of  the  following 
year,  under  the  editorship  of  his  friend,  the  late  Dr.  H.  Bence 
Jones. 

In  the  six  following  editions,  which  were  edited  by  Dr.  Bence 
Jones  and  Dr.  Hofmann,  a  large  amount  of  new  and  important 
matter  was  added;  and  in  the  tenth  edition  (1868),  by  Dr. 
Bence  Jones  and  the  present  Editor,  it  was  found  necessary',  in 
consequence  of  the  rapid  advance  of  the  science,  and  tiie  great 
changes  which  had  taken  place  in  the  entire  system  of  Chemical 
Philosophy,  to  make  considerable  alterations  and  additions  in 
almost  every  part  of  the  work. 

The  chapter  on  the  General  Principles  of  Chemical  Philoso- 
phy was  accordingly  re-written;  considerable  additions  were 
made  to  the  descriptions  of  the  metals,  especially  those  of  rarer 
occurrence ;  and  the  distinguisliing  reactions  of  the  several 
metals  were  given  more  fully  than  in  former  editions.  The 
greater  part  of  the  Organic  Chemistry  was  also  re-written, 
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VI  PREFACE. 

especially  the  sections  relating  to  the  Hydrocarbons,  Alcohols, 
and  Acids,  and  the  compounds  belonging  to  each  of  these  groups 
were  arranged  in  series. 

In  the  last  edition,  a  considerable  amount  of  new  matter  was 
added,  chiefly  relating  to  Organic  Chemistry  ;  and  as  these  ad- 
ditions are  continually  increasing,  it  has  been  found  necessary, 
in  the  present  edition,  to  divide  the  work  into  two  volumes, 
the  first  including  Chemical  Physics  and  Inorganic  Chemistrj'^, 
and  the  second  being  devoted  to  Organic  Chemistr3\ 

The  plan  adopted  by  the  Author,  of  describing  the  non- 
metallic  elements  and  their  compounds  with  one  another,  before 
entering  upon  the  discussion  of  the  general  principles  of  Chem- 
ical Philosophy,  is  retained,  as  the  understanding  of  these 
General  Principles  is  greatly  facilitated  by  the  previous  study 
of  a  number  of  special  instances  of  their  application ;  but  a 
short  statement  of  the  most  important  Laws  of  Chemical  Com- 
bination, and  of  the  fundamental  principles  of  the  Atomic 
Theory,  is  given  immediately  after  the  description  of  the  com- 
pounds of  oxygen,  in  order  to  introduce  the  student  as  soon  as 
possible  to  the  expression  of  chemical  combinations  and  reac- 
tions by  Symbolic  Notation. 

The  Weights  and  Measures  used  are  those  of  the  French 
Decimal  System.  Temperatures  are  expressed  in  the  Centi- 
grade Scale,  except  where  the  contrary  is  stated.  A  compara- 
tive Table  of  the  Centigrade  and  Fahrenheit  Scales  is  given  at 
the  end  of  the  first  volume. 

London,  February,  1877. 


The  division  of  this  Manual  into  two  volumes  has  afforded 
the  means  of  treating  the  subject  of  Oeganio  Chemistry  more 
fully  than  was  possible  in  the  previous  Editions. 

The  arrangement  adopted  in  the  present  Edition  is  the  same 
in  principle  as  in  the  last,  organic  compounds  being  classified 
according  to  their  chemical  structure  and  functions — as  Hydro- 
carbons, Alcohols,  Ethers,  Acids,  Bases,  etc.,  and  the  cpmpounds 
in  each  group  arranged  in  Homologous  Series. 

Particular  attention  has  been  given  to  the  study  of  I  some- 
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rism,  especially  amongst  the  Derivatives  of  Benzene,  our 
knowledge  of  the  isomeric  relations  of  these  bodies  having 
lately  attained — through  the  classical  researches  of  Koerner 
and  other  distinguished  chemists — a  high  degree  of  precision 
and  completeness.  This  part  of  the  subject  is  here  presented 
in  a  form  in  which  it  has  not  yet  appeared  in  any  English  pub- 
lication, except  the  "  Journal  of  the  Chemical  Society." 

The  portion  of  the  previous  Editions  relating  to  Physiologi- 
cal Chemistry — including  the  description  of  the  Tissues  and 
Fluids  of  tiae  Animal  Body,  and  the  Functions  of  Nutrition 
and  Respirsition — is  omitted  in  the  present  Edition,  this  depart- 
ment of  Chemistry  having  now  become  so  extensive  as  to  re- 
quire treatment  in  separate  works. 

HENRY  WATTS. 

September,  1877. 
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INTRODUCTION. 


The  Science  of  Chemistiy  has  for  its  object  the  study  of  the  nature  and 
properties  of  all  the  materials  which  enter  into  the  composition  or  struc- 
ture of  the  earth,  the  sea,  and  the  air,  and  of  the  various  organized  or 
living  beings  which  inhabit  them.  Every  object  accessible  to  man  is  thus 
embraced  by  the  wide  circle  of  Chemical  Science. 

In  ordinary  scientific  speech  the  term  cJiemiccU  is  applied  to  changes 
which  permanently  affect  the  properties  or  characters  of  bodies,  in  oppo- 
sition to  effects  termed  physical,  which  are  not  attended  by  such  conse- 
quences. Changes  of  decomposition  or  combination  are  thus  easily  dis- 
tinguished from  those  temporarily  brought  about  by  heat,  electricity, 
magnetism,  and  the  attractive  forces,  whose  laws  and  effects  lie  within 
the  province  of  Physics  or  Natural  Philosophy. 

Nearly  all  the  objects  presented  by  the  visible  world  are  of  a  compound 
nature,  being  chemical  compounds,  or  variously  disposed  mixtures  of 
chemical  compounds,  capable  of  being  resolved  into  simpler  forms  of 
matter.  Thus,  a  piece  of  limestone  or  marble,  by  the  application  of  a 
red  heat,  is  decomposed  into  quicklime  and  a  gaseous  body,  carbon  diox- 
ide. Both  lime  and  carbon  dioxide  are  in  their  turn  susceptible  of  decom- 
position, the  former  into  calcium  and  oxygen,  the  latter  into  carbon  and 
oxygen.  For  this  purpose,  however,  simple  heat  does  not  suffice,  the 
resolution  of  these  substances  into  their  components  demanding  the  exer- 
tion of  a  high  degree  of  chemical  energy.  Beyond  this  second  step  of 
decomposition  the  efforts  of  Chemistry  have  hitherto  been  found  to  fail ; 
and  the  three  bodies,  calcium,  carbon,  and  oxygen,  having  resisted  all 
attempts  to  resolve  them  into  simpler  forms  of  matter,  are  accordingly 
admitted  into  the  list  of  dements;  not  from  an  absolute  belief  in  their  real 
oneness  of  nature,  but  from  the  absence  of  any  evidence  that  they  contain 
more  than  one  description  of  matter. 

The  elementary  bodies,  at  present  recognized,  are  sixty-four  in  number, 
and  about  fifty  of  them  belong  to  the  class  of  metals.  Several  of  these  are 
3  (25) 
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of  recent  discovery,  and  are  as  yet  very  imperfectly  known.  The  distinc- 
tion between  metals  and  non-metallic  substances,  although  very  conve- 
nient for  purposes  of  description,  is  entirely  arbitrary,  since  the  two 
classes  graduate  into  each  other  in  the  most  complete  manner. 

The  names  of  the  elements  are  given  in  the  following  table.  Opposite 
to  them  in  the  third  column  are  placed  certain  numbers,  which  express 
the  proportions  in  which  they  combine  together,  or  simple  multiples  of  those 
proportions ;  these  numbers,  for  reasons  which  will  be  afterwards  explained, 
are  called  Atomic  or  Indivisible  Weights.  In  the  second  column 
are  placed  symbols  by  which  these  weights  are  denoted ;  these  symbols 
are  formed  of  the  first  letters  of  the  Latin  names  of  the  elements,  a  second 
letter  being  added  when  the  names  of  two  or  more  elements  begin  with  the 
same  letter. 

The  names  of  the  most  important  elements  are  distinguished  by  the 
largest  and  most  conspicuous  type;  those  next  in  importance,  by  small 
capitals ;  while  the  names  of  elements  which  are  of  rare  occurrence,  or 
of  which  our  knowledge  is  still  imperfect,  are  printed  in  the  ordinary 
type.  The  names  with  an  asterisk  are  those  of  Non-metallic  Elements, 
the  others  are  name^  of  Metals. 

It  must  be  distinctly  understood  that  the  atomic  or  combining  weights 
assigned  to  the  elements  are  merely  relative.  The  number  1  assigned  to 
hydrogen  may  represent  a  grain,  ounce,  pound,  gram,  kilogram,  etc.,  and 
the  numbers  assigned  to  the  other  elements  will  then  represent  so  many 
grains,  ounces,  pounds,  grams,  kilograms,  etc.  Hydrogen  is  taken  as  the 
unit  of  the  scale,  because  its  combining  weight  is  smaller  than  that  of  any 
other  element ;  but  this  is  merely  a  matter  of  convenience ;  in  the  older 
tables  of  atomic  weights  that  of  oxygen  was  assumed  as  100,  that  of  carbon 
being  then  75,  that  of  hydrogen  6.25,  etc.  etc. 
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Tablb  of  Elbxbntabt  Bodies,  with  their  Symbols  ard  Atomic  Weights. 


Name. 

Symbol. 

Atomic 
Weight. 

Name. 

Symbol. 

Atomio 
Weight. 

ALUMIITIITM 

Al 

27.4 

Molybdenum 

Mo 

96 

AxTiMOXT  (Stibium) 

Sb 

122 

Nickel 

Ni 

58.8 

Absenic 

As 

75 

Niobium 

Nb 

94 

Bariux 

Ba 

137 

NITROGEN* 

N 

14 

BeryUiam 

Be 

9.4 

Osmium 

Os 

199.2 

Bismuth 

Bi 

210 

OZ7GEN* 

0 

16 

BoHOJf* 

B 

11 

Palladium 

Pd 

106.6 

BROMINB* 

Br 

80 

PHOSPHORUS* 

P 

31 

Cadmium 

Cd 

112 

PLATINUM 

Ft 

197.4 

CjBsiuni 

Cs 

133 

POTASSIUM 

CAIaCIUM 

Ca 

40 

(Kalium) 

K 

39.1 

CARBON* 

C 

12 

Rhodium 

Rh 

104.4 

Cerium 

Ce 

92 

Rubidium 

Rb 

85.4 

CHI.ORINE* 

CI 

35.5 

Ruthenium 

Ru 

104.4 

Chbomium 

Cr 

52.2 

Sekaiium* 

Se 

79.4 

Cobalt 

Co 

58.8   8ILICIUM* 

Si 

28 

COPPER  (Cu- 

SILVER  (Argen- 

prnm) 

Cu 

63.4 

tum) 

Ag 

108 

BidjDiiiun 

D 

95 

SODIUM   (Na- 

Erbium 

E 

168.9 

trium) 

Na 

23 

FLUORINE* 

F 

19 

Strontium 

Sr 

87.6 

Gallium 

Ga 

68? 

SULPHUR* 

S 

32 

(told  (Aurnm) 

Au 

197 

Tantalum 

Ta 

182 

HYDROGEN* 

H 

1 

Tellurium* 

Te 

128 

Indium 

In 

113.4 

Thallium 

Tl 

204 

IODINE* 

I 

127 

Thorinum 

Th 

235 

Iridium 

Ir 

198 

TIN  (Stannum) 

Sn 

118 

IRON  (Ferrum) 

Fe 

56 

Titanium 

Ti 

50 

Lanthanum 

La 

93.6 

Tungsten,  or  Wolf- 

LEAD (Plumbum) 

Pb 

207 

ram 

w. 

184 

Lithium 

Li 

7 

Uranium 

u 

240 

Magnesium 

Mg 

24 

Vanadium 

V 

51.2 

MANGANESE 

Mn 

55 

Yttrium 

Y 

92 

MERCIXR7  (llj- 

ZINC 

Zn 

65.2 

drargyrum) 

Hg 

200      'zirconium 

1 

Zr 

89.6 

By  the  combination  of  the  elements  in  various  proportions,  and  in  groups 
of  two,  three,  or  larger  numbers,  all  known  compound  bodies  are  produced. 
And  here  it  is  important  to  state  clearly  the  characters  which  distinguish 
true  chemical  combination  from  mechanical  mixture,  and  from  that  kind 
of  adhesion  which  gives  rise  to  the- solution  of  a  solid  in  a  liquid.  Bodiis 
may  be  mixed  together  in  any  proportion  whatever,  the  mixture  always 
exhibiting  properties  intermediate  between  those  of  its  constituents,  and  in 
regular  gradation,  according  to  the  quantity  of  each  that  may  be  present, 
as  may  be  seen  in  the  fusion  together  of  metals  to  form  alloys,  in  the  mix- 
ture of  wat«r  with  alcohol,  of  alcohol  with  ether,  and  of  different  oils  one  with 
the  other.    A  solid  body  may  also  be  dissolved  in  a  liquid — salt  or  sugar 
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in  water,  for  example — in  any  proportion  up  to  a  certain  limit,  the  solution 
likewise  exhibiting  a  regular  gradation  of  physical  properties,  according 
to  the  quantity  of  the  solid  taken  up.  But  a  true  chemical  compound  ex- 
hibits properties  totally  different  from  those  of  either  of  its  constituent  ele- 
ments, and  the  proportion  of  these  constituents  which  form  that  particular 
compound  admits  of  no  variation  whatever.  Water,  for  example,  is  com- 
posed of  two  elements,  oxygen  and  hydrogen,  which,  when  separated  from 
one  another,  appear  as  colorless  gases,  differing  widely  in  their  properties 
one  from  the  other,  and  from  water  in  the  state  of  vapor ;  moreover,  water, 
whether  obtained  from  natural  sources,  or  formed  by  direct  combination 
of  its  elements,  always  contains  in  100  parts  by  weight,  88.9  parts  of  oxy- 
gen and  11.1  of  hydrogen.  Common  salt,  to  take  another  example,  is  a 
compound  of  chlorine  and  sodium,  the  former  of  which,  in  the  separate 
state,  is  a  yellow  gas,  the  latter  a  yellowish-white  highly  lustrous  metal, 
capable  of  burning  in  the  air,  and  decomposing  water;  moreover,  from 
whatever  part  of  the  world  the  salt  may  be  obtained,  100  parts  of  it  in- 
variably contain  39.6  parts  of  sodium  and  60.4  parts  of  chlorine.  Further, 
when  two  or  more  compounds  are  forme<l  of  the  same  elements,  there  is  no 
gradual  blending  of  one  into  the  other,  as  in  the  case  of  mixtures,  but 
each  compound  is  sharply  defined,  and  separated,  as  it  were,  from  the 
others  by  an  impassable  gulf,  exhibiting  properties  distinct  from  those  of 
the  others,  and  of  the  elements  themselves  in  the  separate  state.  Thus, 
there  are  two  compounds  of  carbon  and  oxygen,  one  of  which,  containing 
3  parts  by  weight  of  carbon  with  4  of  oxygen,  is  an  inflammable  gas,  lighter 
than  atmospheric  air,  and  not  absorbed  by  solution  of  potash ;  while  the 
other,  which  contains  3  parts  of  carbon  and  8  of  oxygen,  is  non-inflammable, 
heavier  than  air,  and  easily  absorbed  by  potash. 


Before  proceeding  with  the  special  description  of  the  several  elements 
and  their  compounds,  it  will  bo  convenient  to  give  a  short  sketch  of  certain 
branches  of  Physical  Science,  as  the  physical  constitution  of  Gases,  and 
the  chief  phenomena  of  Heat,  Light,  and  Electricity,  the  partial  study  of 
which  forms  indeed  an  indispensable  Introduction  to  Chemistry. 


PART  I. -PHYSICS. 


OF  DENSITY  AND  SPECIFIC  GRAVITY. 

It  is  of  great  importance  at  the  outset  to  nuderstand  clearly  what  is  meant 
hj  the  terms  density  and  specific  gravity.  By  the  density  of  a  body  is  meant 
its  flioM,  or  quantity  of  matter ^  compared  with  the  mass  or  quantity  of  matter 
of  an  etptal  volwne  of  some  standard  body,  arbitrarily  chosen.  Specific  gravity 
denotes  the  weight  of  a  body,  as  compared  with  the  weight  of  an  equal  bulk, 
or  rolume,  of  the  standard  body,  which  is  reckoned  as  unity.*  In  all  cases 
of  solids  and  liquids  the  standard  of  unity  adopted  in  this  country  is  pure 
water  at  the  temperature  of  15. 5^  C.  (dO^  Fahr.).  Anything  else  might 
hare  been  chosen  ;  there  is  nothing  in  water  to  render  its  adoption  for  the 
purpose  mentioned  indispensable :  it  is  siihply  taken  for  the  sake  of  con- 
venience, being  always  at  hand,  and  easily  obtained  in  a  state  of  perfect 
purity.  An  ordinary  expression  of  specific  weight,  therefore,  is  a  number 
expressing  how  many  times  the  weight  of  an  equtil  bulk  of  water  is  con- 
tained in  the  weight  of  the  substance  spoken  of.  If,  for  example,  we  say 
that  concentrated  oil  of  vitriol  has  a  specific  gravity  equal  to  1.85,  or  that 
perfectly  pure  alcohol  has  a  density  of  0.794  at  15.5^  C,  we  mean  that 
equal  bulks  of  these  two  liquids  and  of  distilled  water  possess  weights  in 
the  projwrtion  of  the  numbers  1.85,  0.794,  and  1 ;  or  1850,  794,  and  1000. 
It  is  necessary  to  be  particular  about  the  temperature,  for,  as  will  be  here- 
after shown,  liquids  are  extremely  expansible  by  heat ;  otherwise  a  constant 
bulk  of  the  same  liquid  will  not  retain  a  constant  weight.  It  will  be  pro- 
per to  begin  with  the  description  of  the  mode  in  which  the  specific  gravity 
of  liquids  is  determined :  this  is  the  simplest  case,  and  the  one  which  best 
illustrates  the  general  principle. 

To  find  the  specific  gravity  of  any  particular  liquid  compared  with  that 
of  water,  it  is  only  requisite  to  weigh  equal  bulks  at  the  standard  tempera- 
ture, and  then  divide  the  weight  of  the  liquid  by  the  weight  of  the  water  ; 
the  quotient  will  be  greater  or  less  than  unity,  as  the  liquid  experimented 
on  is  heavier  or  lighter  than  water.  Now,  to  weigh  equal  bulks  of  two 
fluids,  the  simplest  and  best  method  is  clearly  to  weigh  them  in  succession 
in  the  same  vessel,  taking  care  that  it  is  equally  full  on  both  occasions. 

A  thin  glass  bottle,  or  flask,  with  a  narrow  neck,  is  procured,  of  the  form 
represented  on  the  next  page  (fig.  1),  and  of  such  capacity  as  to  contain, 
when  filled  to  about  half-way  up  the  neck,  exactly  1000  grains  of  distilled 
water  at  15.60  C.  A  counterpoise  of  the  exact  weight  of  the  empty  bottle 
is  marie  from  a  hit  of  brass,  an  old  weight,  or  something  of  the  kind,  and  care- 
fully adjusted  by  filing.    The  bottle  is  then  graduated,  by  introducing  water 

•  In  other  wordi,  density  means  comparfitive  matt^  and  ipeoiflc  gravity  com- 
parative  teeigkt.  These  expressions,  Although  really  relating  to  distinct  fhinp^s. 
are  often  used  quite  indlflflerently  In  chemical  writings,  and  without  practical 
inconvenience,  Blnce  mass  and  weifht  are  directly  proportional  to  each  other. 

(29) 
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at  15.50,  until  it  exactly  balances  the  1000-grain  weight  and  counterpoise 
in  the  opposite  scale  ;  the  height  at  which  the  water  stands  in  the  neck  is 
marked  by  a  scratch,  and  the  instrument  is  complete  for  use.  The  liquid 
to  be  examined  is  brought  to  the  temperature  of  15.5^,  and  with  it  the  bot- 
tle is  filled  up  to  the  mark  before  mentioned  ;  it  is  then  weighed,  the  counter- 
poise being  used  as  before,  and  the  specific  gravity  directly  ascertained. 


Flg.L 


Fig.  2. 


A  watery  liquid  in  a  narrow  glass  tnbe  always  presents  a  curved  surface, 
from  the  molecular  action  of  the  glass,  the  concavity  being  upwards.  It  is 
better,  on  this  account,  in  graduating  the  bottle,  to  make  two  scratches,  as 
represented  in  the  figure,  one  at  the  top  and  the  other  at  the  bottom  of  the 
curve.  The  marks  are  easily  made  by  a  fine,  sharp,  triangular  file,  the 
hard  point  of  which,  also,  it  may  be  observed,  answers  perfectly  well  for 
writing  upon  glass,  in  the  absence  of  a  diamond  pencil. 

It  will  bo  quite  obvious  that  the  adoption  of  a  flask  holding  exactly  1000 
grains  of  water  has  no  other  object  than  to  save  the  trouble  of  a  very  trifling 
calculation ;  any  other  quantity  would  answer  Just  as  well,  and,  in  fact, 
tlie  experimental  chemist  is  often  compelled  to  use  a  bottle  of  much  smaller 
dimensions,  from  scarcity  of  the  liquid  to  be  examined. 

When  the  specific  gravity  of  a  liquid  is  to  be  determined  with  great  accu- 
racy, a  case  which  frequently  occurs  in  chemical  inquiries,  a  little  glass 
bottle  is  used,  of  the  form  shown  in  fig.  2.  This  bottle  is  provided  with  a 
perforated  conical  glass  stopper,  most  accurately  fitted  by  grinding.  By 
completely  filling  the  bottle  with  liquid,  and  carefully  removing  the  por- 
tion of  liquid  which  is  displaced  when  the  stopper  is  inserted,  an  unalter- 
able measure  is  obtained.  The  least  possible  quantity  of  grease  applied  to 
the  stopper  greatly  promotes  the  exact  fitting.  ^      _ 

When  the  chemist  has  only  a  very  small  quantity  of  a  fluid  at  his  dis- 
posal, and  wishes  not  to  lose'  it,  the  little  glass  vessel  (fig.  3)  is  particu- 
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larly  usefal.  It  is  formed  by  blowing  a  bulb  on  a  glass  tube.  "Fig,  s. 
On  that  portion  of  the  tube  which  is  narrowed  by  drawing  the 
tube  out  over  a  lamp,  a  fine  scratch  is  made  with  a  diamond. 
The  bulb  is  filled  up  to  this  mark  with  the  liquid  whilst  it 
stands  in  water,  the  temperature  of  which  is  exactly  known. 
A  very  fine  funnel  is  used  for  filling  the  bulb,  the  stem  of  the 
funnel  being  drawn  out  so  as  to  enter  the  tube,  and  the  tipper 
opening  of  the  funnel  being  small  enough  to  be  closed  by  the 
finger.  The  glass  stopper  is  only  wanted  as  a  guard,  and  does 
not  require  to  fit  perfectly. 

The  determination  of  the  specific  gravity  of  a  solid  body  is 
made  according  to  the  same  principles,  and  may  be  perfonni^ 
with  the  specific-gravity  bottle  (fig.  2).  The  bottle  is  first 
weighed  full  of  water ;  the  solid  is  then  placed  in  the  same  pan 
of  the  balance,  and  its  weight  is  determined ;  finally,  the  solid 
is  put  into  the  bottle,  displacing  an  equal  bulk  of  water,  the 
weight  of  which  is  determined  by  the  loss  on  again  weighing. 
Thus  the  weights  of  the  solid  and  that  of  an  equal  bulk  of 
water  are  obtained.  The  former  divided  by  the  latter  gives  the  specific 
gravity. 


For  example,  the  weight  of  a  small  piece  of  silver  wire 

was  found  to  be 

Glass  bottle  filled  with  water 


98.18  grains. 
294.69 


392.87 
After  an  equal  volume  of  water  was  displaced  by  the 

silver,  the  weight  was 383.54 


Hence  the  displaced  water  weighed        .... 
From  this  the  specific  gravity  of  the  silver  wire  )98.18 

)"9:33"^"" 


IS 


9.33 
523 


(( 


it 


(f 


(( 


(( 


Another  highly  ingenious,  but  less  exact  method  of  determining  the 
si>ecific  gravity  of  solids,  is  based  on  the  well-known  theorem  of  Arclii- 
medes. 

This  theorem  may  be  thus  expressed : —  Fig.  4. 

When  a  solid  is  immersed  in  a  fluid,  it  loses  a 
portion  of  its  weight ;  and  this  portion  is  equal 
to  the  weight  of  the  fluid  which  it  displaces ; 
that  is,  to  the  weight  of  its  own  bulk  of  that 
fluid. 

It  is  easy  to  give  experimental  proof  of  this  very 
important  proposition,  as  well  as  to«establish  it  by 
reasoning.  Figure  4  represents  a  little  apparatus  for 
the  former  purpose.  This  consists  of  a  thin  cylindri- 
cal vessel  of  brass,  into  the  interior  of  which  fits  very 
accurately  a  solid  cylinder  of  the  same  metal,  thus 
exactly  filling  it.  Wlien  the  cylinder  is  suspended 
beneath  the  bucket,  as  seen  in  the  sketch,  the  whole 
hung  from  the  arm  of  a  balance  and  counterpoised, 
and  then  the  cylinder  iself  immersed  in  water,  it  will 
be  fouild  to  have  lost  a  certain  Treight ;  and  that  this 
loss  is  precisely  equal  to  the  weight  of  an  equal  bulk 
of  water,  may  then  be  proved  by  filling  the  bucket  to 
the  brim,  whereupon  the  equilibrium  will  V)e  restored. 
The  consideration  of  the  great  hydrostatic  law  of 
fluid  pressure  easily  proves  the  truth  of  the  principle 
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Fig.  ft. 


•4 


laid  down.    Let  tlie  reader  figure  to  himself  a  vessel  of  water,  having 
immersed  in  it  a  solid  cylindrical  or  rectangular  body,  and  so  adjusted 

with  respect  to  density,  that  it  shall  float  indif- 
ferently in  any  part  beneath  the  surface  (fig.  5). 
Now  the  law  of  fluid  pressure  is  to  this  effect : — 
The  pressure  exerted  by  a  fluid  on  any  point  of 
the  containing  vessel,  or  on  any  point  of  a  body  im* 
mersed  beneath  its  surface,  is  dependent,  firstly, 
upon  the  density  of  the  fluid,  and,  secondly,  upon 
the  vertical  depth  of  the  point  in  question  below  the 
surface.  It  is  independent  of  the  form  and  lateral 
dimensions  of  the  vessel  or  immersed  body.  More- 
over, owing  to  the  peculiar  physical  constitution  of 
fluids,  this  pressure  is  exerted  in  every  direction, 
upwards,  downwards,  and  laterally,  with  equal  force. 
The  floating  body  is  in  a  state  of  equilibrium; 
therefore  the  pressure  downwards  caused  by  its  gravitation  must  be 
exactly  compensated  by  the  upward  transmitted  pressure  of  the  column 
of  water,  a,  6.  But  this  pressure  downwards  is  obviously  equal  to  the 
weight  oif  an  equal  quantity  of  water,  since  the  body  of  necessity  displaces 
its  own  bulk.  Hence,  the  weiglit  which  a  body  loses  when  immersed  in, 
or  floated  on  water,  is  equal  to  the  weight  of  the  volume  of  water  dis- 
placed by  that  body. 

Whatever  be  the  density  Of  the  substance,  it  will  be  buoyed  up  to  this 
amount ;  in  the  case  supposed,  the  buoyancy  is  equal  to  the  whole  weight 

of  the  body,  which  is  thus,  while  in  the  water,  re- 
duced to  nothing. 

A  little  reflection  will  show  that  the  same  reasoning 
may  be  applied  to  a  body  of  irregular  form ;  besides,  a 
solid  of  any  figure  may  be  divided  by  the  imagination 
into  a  multitude  of  little  perpendicular  prisms  or 
cylinders,  to  each  of  which  the  argument  may  be  ap- 
plied. What  is  true  of  each  individually  must  neces- 
sarily be  true  of  the  whole  together. 

This  is  the  fundamental  principle ;  its  application  is 
made  in  the  following  manner :  Let  it  he  required,  for 
example,  to  know  the  specific  gravity  of  a  body  of  ex- 
tremely irregular  form,  as  a  small  group  of  rock  crys- 
tals :  the  first  part  of  the  operation  consists  in  deter- 
mining its  absolute  weight,  or,  more  correctly  speaking, 
its  weight  in  air  ;  it  is  next  suspended  from  the  balance- 
pan  by  a  fine  horsehair,  immersed  completely  in  pure 
water  at  15. 50,  and  again  weighed.  It  now  weighs  less, 
the  difi'erence  being  the  weight  of  the  water  it  dis- 
places, that  is,  the  weight  of  an  equal  bulk.  This 
being  known,  nothing  more  is  required  than  to  find, 
by  division,  how  many  times  the  latter  number  is  contained  in  the  former  ; 
the  quotient  will  be  the  density,  water  at  the  temperature  of  15.50  being 
taken  ^  1.     For  example  : — 


Fig.  6. 


The  quartz-crystals  weigh  in  air 
When  immersed  in  water,  they  weigh 


293.7  grains. 
180.1 


n 


Difference,  being  the  weight  of  an  equal  volume  of  water  .     113.6 


f( 


293.7 


113.6 


,  =  2.59,  the  specific  gravity  .required. 
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Fig.  T. 


The  rule  i»  generally  thus  written  :  "Divide  the  weight  in  air  hy  the 
loss  of  weight  in  w^ater,  and  the  quotient  will  be  the  specific  gravity." 
In  reality  it  is  not  the  weight  in  air  which  is  required,  but 
the  weight  the  body  would  have  in  empty  space :  the  error 
introduced,  namely,  the  weight  of  an  equal  bulk  of  air,  is 
so  trifling  that  it  is  usually  neglected. 

Sometimes  the  body  to  be  examined  is  lighter  than  water, 
and  floats.  In  this  case,  it  is  first  weighed,  and  afterwards 
attached  to  a  piece  of  metal  heavy  enough  to  sink  it,  and 
suspended  from  the  balance.  The  whole  is  then  exactly 
weighed,  inmiersed  in  water,  and  again  weighed.  The  dif- 
ferenc^e  between  the  two  weighings  gives  the  weight  of  a 
quantity  of  water  equal  in  bulk  to  both  together.  The 
light  substance  is  then  detached,  and  the  same  operation 
of  weighing  in  air,  and  again  in  water,  repeated  on  the 
piece  of  metal.  These  data  give  the  means  of  finding  the 
specific  gravity,  as  will  be  at  once  seen  by  the  following 
example : — 


Light  substance  (a  piece  of  wax)  weighs  in  air 

Attached  to  a  piece  of  brass,  the  whole  now  weighs 
Immersed  in  water,  the  system  weighs    . 


133.7  grains. 


183.7 

38.8 


Weight  of  water  equal  in  bulk  to  brass  and  wax     .        .  144.9  ** 

Weight  of  brass  in  air 50.0  ** 

Weight  of  brass  in  water 44.4  ** 

Weight  of  equal  bulk  of  water 5.6  " 

Bulk  of  water  equal  to  wax  and  brass     ....  144.9  *' 

Bulk  of  water  equal  to  brass  alone 5.6  " 


Bulk  of  water  equal  to  wax  alone    . 

133.7 


139.3      ** 


139.3 


=  0.9598. 


In  all  Buch  experiments,  it  is  necessary  to  pay  attention  to  the  tempe- 
rature and  purity  of  the  water,  and  to  remove  with  great  care  all  adhering 
air  bubbles  ;*  otherwise,  a  false  result  will  be  obtained. 

Other  cases  require  mention  in  which  these  operations  must  be  modified 
to  meet  particular  difficulties.  One  of  these  happens  when  the  substance 
is  dissolved  or  acted  upon  by  water.  The  difliculty  is  easily  overcome  by 
substituting  some  other  liquid  of  known  density  which  experience  shows  is 
without  action.  Alcohol  or  oil  of  turpentine  may  generally  be  used  when 
water  is  inadmissible.  Suppose,  for  instance,  the  specific  gravity  of  crys- 
tallized sugar  is  required,  we  proceed  in  the  following  way :  The  specific 
gravity  of  the  oil  of  turpentine  is  first  carefully  determined ;  let  it  be 
0.87 ;  the  sugar  is  next  weighed  in  the  air,  then  suspended  by  a  horse- 
hair, and  weighed  in  the  oil ;  the  difference  is  the  weight  of  an  equal  bulk 

•  A  Rimple  pUn  of  avoiding  Altop^ether  the  adhesion  of  air-bubbles,  which  often 
are  not  eaatly  perceived,  consists  in  heating  the  water  to  ebullition,  introducinj; 
the  body  which  has  been  weighed  in  the  air  into  the  still  bnilinR  water,  which  is 
tJiea  aliowed  to  cool  to  16.5^,  when  the  second  weighing  is  performed. 
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of  the  latter ;   a  simple  calcnlation  gives  the  weight  of  a  corresponding 
volume  of  water  : — 

Weight  of  sugar  in  air 400     grains. 

Weight  of  sugar  in  oil  of  turpentine    .         .         .182.5       ** 

Weight  of  equal  bulk  of  oil  of  turpentine        .     217.5       " 

87  :  100  =  217.5  :  250, 

the  weight  of  an  eqnal  bulk  of  water ;   hence  tho  specific  gravity  of  the 
sugar — 

^-16 
'250  "  ^•^• 

If  the  substance  to  be  examined  consists  of  small  pieces,  or  of  powder, 
the  method  first  described,  namelj,  that  of  the  specific  gravity  bottle,  can 
alone  be  used. 

By  this  method  the  specific  gravities  of  metals  in  powder,  metallic  oxides, 
and  other  compounds,  and  salts  of  all  descriptions,  may  be  determined 
with  great  ease.  Oil  of  turpentine  may  be  used  with  most  soluble  salts. 
The  crystals  should  be  crushed  or  roughly  powdered,  to  avoid  errors 
arising  from  cavities  in  their  substance. 

The  specific  gravity  of  a  solid  can  also  be  readily  found  by  immersing  it 
in  a  transparent  liquid,  the  density  of  which  has  been  so  adjusted  that  the 
solid  body  remains  indifferently  at  whatever  depth  it  may  be  placed.  The 
specific  gravity  of  the  liquid  must  now  be  determined,  and  it  will,  of  (y>urse, 
be  the  same  as  that  of  the  solid.  It  is  necessary  that  the  liquid  chosen  for 
this  experiment  do  not  dissolve  or  in  any  way  act  upon  the  solid.  Solu- 
tions of  mercuric  nitrate,  or  corrosive  sublimate,  can  be  used  for  bodies 
heavier  than  water,  whilst  certain  oils,  and  essences,  and  mixtures  of 
alcohol  and  water,  can  be  conveniently  employed  for  such  substances  as 
have  a  lower  specific  gravity  than  water.  This  method  is  not  only  adapted 
to  the  exact  determination  of  specific  gravities,  but  also  serves,  in  many 
oases,  as  a  means  of  readily  distinguishing  substances  much  resembling 
one  another.  Suppose,  for  instance,  a  solution  of  mercuric  nitrate  to  have 
a  specific  gravity  3 ;  a  red  amethyst  (2.67)  will  then  float  upon,  and  a 
topaz  of  the  same  color  (3.55)  will  sink  in  this  liquid. 

Hydrometers, — ^The  theorem  of  Archimedes  affords  the  key  to  the  general 
doctrine  of  the  equilibrium  of  floating  bodies,  of  which  an  apidication  is 
made  in  the  common  hydrometer, — an  instrument  for  finding  the  specific 
gravities  of  liquids  in  a  very  easy  and  expeditious  manner.* 

When  a  solid  body  is  placed  upon  the  surface  of  a  liquid  specifically 

•  The  mode  of  determining  the  specific  srravity  of  a  liquid  by  meftna  Pipr.  8. 
of  a  Bolld  has  been  omitted  in  the  text.  It  resultg  fVom  the  theorem 
of  Archimedes,  that  If  any  solid  be  immersed  in  water  and  then  In  any 
other  liquid,  the  loss  of  weight  sustained  In  each  case  will  elve  the 
relative  weights  of  equal  bulks  of  the  liquids,  and  on  dividing  the 
weight  of  the  llauld  by  the  weight  of  the  water,  the  quotient  will  be 
the  specifle  gravity  of  the  liquid  experimented  on.  For  instance,  let  a 
piece  of  glass  rod  be  suspended  from  the  balance-pan  and  exactly 
counterpoised,  then  Immerse  it  In  water  and  restore  the  equipoise  by 
weights  added  to  the  pan  to  which  the  glass  is  suspended,  the  amount 
will  give  the  loss  of  weight  by  immorslou  or  the  weight  of  a  bulk  of 
water  equal  to  that  of  the  rod.  Now  wipe  the  glass  dry,  and  having 
removed  the  additional  weights,  immerse  It  In  the  other  liquid,  and 
restore  the  equipoise  as  before;  this  latter  weight  is  the  weight  of  a 
bulk  of  the  liquid  equal  to  that  of  the  water.  The  latter  divided  by  the 
former  gives  tho  specific  gravity.    For  example  :— 

The  glass  rod  loses  by  immersion  In  water        ...    171  grains. 
The  glass  rod  loses  by  immersion  in  alcohol      ...    143 

Ijl  "".SSfl,  the  speclflo  gravity  required.— R.B. 


DENSITY   AND    SPECIFIC    GRAVITY. 


35 


Fig.  ». 


Fig.  10. 


hesTier  than  itself,  it  sinks  down  until  it  displaces  a  quantity  of  liquid 
equal  to  its  own  weight,  at  which  point  it  floats.  Thus,  in  the  case  of  a 
substance  floating  in  water,  whose  specific  weight  is  one-half  that  of  the 
liquid,  the  position  of  equilibrium  will  involve  the  immersion 
of  exactly  one-half  of  the  body,  inasmuch  as  its  whole  weight 
is  counterpoised  by  a  quantity  of  water  equal  to  half  its  vol- 
ume. If  the  same  body  were  put  into  a  liquid  of  one-half 
the  specific  gravity  of  water,  if  such  could  be  found,  it  would 
then  sink  beneath  the  surface,  and  remain  indifferently  in 
any  part.  A  floating  body  of  known  specific  gravity  may 
thus  be  used  as  an  indicator  of  the  specific  gravity  of  a 
liquid.  In  this  manner  little  glass  beads  (fig.  9)  of  known 
specific  gravities  are  sometimes  employed  in  the  arts  to  ascer-* 
tain  in  a  rude  manner  the  specific  gravity  of  liquids ;  the 
one  that  floats  indifferently  beneath  the  surface,  without  either  sinking  or 
rising,  has  of  course  the  same  specific  gravity  as  the  liquid  itself ;  this  is 
pointed  out  by  the  number  marked  upon  the 
bead. 

The  hydrometer  (fig.  10)  in  general  use  consists 
of  a  floating  vessel  of  thin  metal  or  glass,  having  a 
weight  beneath  to  maintain  it  in  an  upright  posi- 
tion, and  a  stem  above  bearing  a  divided  scale. 
The  use  of  the  instrument  is  very  simple.  The 
liquid  to  be  tried  is  put  into  a  small  narrow  jar, 
and  the  instrument  floated  in  it.  It  is  obvious 
that  the  denser  the  liquid,  the  higher  will  the 
hydrometer  float,  because  a  smaller  displacement 
of  liquid  will  counterbalance  its  weight.  For  the 
same  reason,  in  a  liquid  of  less  density,  it  sinks 
deeper.  The  hydrometer  comes  to  rest  almost  im- 
mediately, and  then  the  mark  on  the  stem  at  the 
fluid  level  may  be  read  ofif. 

Very  extensive  use  is  made  of  instruments  of 
this  kind  in  the  arts  :  thoy  sometimes  bear  difl'or- 
ent  names,  according  to  the  kind  of  liquid  for 
which  they  are  intended  ;  but  the  principle  is  the 
same  in  all.     The  graduation  is  very  commonly 

arbitrary,  two  or  three  different  scales  being  unfortunately  used.  These 
may  be  sometimes  reduced,  however,  to  the  true  numbers  expressing  the 
specific  gravity  by  the  aid  of  tables  of  comparison  drawn  up  for  the  pur- 
pose. (See  Appendix.)  Tables  are  likewise  used  to  reduce  the  readings 
of  the  hydrometer  at  any  temperature  to  those  of  the  normal  temperature. 

It  is  much  better,  however,  to  use  a  hydrometer  having  the  true  scale 
of  specific  gravities  marked  upon  its  stem.  To  graduate  such  nn  instru- 
ment, a  sufficient  number  of  standard  points  may  be  determined  by  im- 
mersing it  in  liquids  of  known  specific  gravity,  and  the  small  intervals 
between  these  {Mints  divided  into  equal  parts.* 

The  determination  of  the  specific  gravity  of  gases  and  vapors  of  volatile 
liquids  is  a  problem  of  very  great  practical  importance  to  the  chemist :  the 
theory  of  the  operation  is  as  simple  as  when  liquidn  themselves  are  con- 
cerned, but  the  processes  are  much  more  delicate,  and  involve  besides  cer- 
tain corrections  for  differences  of  temperature  and  pressure,  founded  on 
principles  yet  to  be  discussed.  It  will  be  proper  to  defer  the  consideration 
of  these  matters  for  the  present. 

*  For  an  ficcurnte  method  of  dividing  the  hydrometer  BCJile  when  only  a  few 
points  are  detcrminort  by  actnal  ohnervatton,  see  the  articlp  "Hydrometer,"  by 
FrufcMor  Jevony,  in  Wntta's  Dictionary  of  Chemistry,  vol.  ili.  p.  t'03. 


THE  PHYSICAL  CONSTITUTION  OF  THE  ATMOS- 
PHERE AND  or  GASES  IN  GENERAL. 

It  requirca  some  litllo  abstraction  of  mind  to  rualizo  completely  (ho  con- 
ditiDD  in  wliich  all  thiugB  at  the  surracu  of  tlie  earth  exist.  We  Htu  at 
tlm  bottom  of  an  inimenao  ocean  of  gaseous  matter,  which  envelops  evviy. 
thiDg,  and  presses  upon  everytliing  with  a  force  which  appears,  at  first 
Bight,  perfectly  incredible,  but  whose  actual  araonnt  admits  of  easy  proof. 
Oravity  being,  so  far  as  ia  known,  common  to  all  matter,  it  ia  natural  to 
expect  that  gases,  being  material  substances,  should  be  acted  upon  by  lbs 
earth's  attraction,  as  well  as  solids  and  liquids.  This  is  really  the  case, 
and  the  result  ia  the  weight  or  pri'ssure  of  the  atmosphere,  which  is 
nothing  more  than  the  effect  of  the  attraction  of  the  earth  on  the  particles 
of  nir. 

Before  describing  the  leading  phenomena  of  the  atmospheric  pressure,  ft 
is  necessary  to  notice  onii  very  remarkable  feature  in  the  physical  consti- 
tution of  gases,  upon  which  depends  the  principle  of  the  air-pump. 

Gases  are  in  the  highest  degree  elastic;  the  volume  or  space  which  a 

gas  occupies  depends  upon  the  pressure  exerted  upon  it.     Let  the  reader 

tmagine  a  cylinder,  n,  cloaed  at  the  bottom.  In 

Fig.  11.  whieh  moves  a  piston  air-tight,  so  that  no  air 

■  can  escape  betwi.'cn  the  piston  and  the  cylinder. 

Suppose  now  the  piston  1h-  pressed  downwards 

witli  a  certain  force;  the  air  beneath  it  will 

be  compressed  into  a  smaller  bulk,  the  amount 

of  tills  compression  dependin);  on  tlie  force 

I  r>  applied ;  it  the  power  be  sufficient,  the  bulk 

HI   IHn  of  thu  gas  may  be  thus  diminished  to  one- 

BIMB  hundredth  part  or  leas.     When  the  pressure 

'  '  is  removed,  the  elasticity  or  (emrioB,  as  it  is 

calli'd,  of  the  included  air  or  gas,  will  Immo- 

diately  force  up  thu  piston  until  it  arrives  at 

its  first  position. 

Again,  take  Fig.  11,  b,  and  suppose  the  piston 
to  stand  about  the  middle  of  the  cylinder, 
having  air  beneath  in  its  usual  state.  If  the 
piston  be  now  drawn  upwards,  the  air  below 
will  expand,  so  aa  to  Hll  completely  the  in- 
creaacd  space,  and  this  to  an  apparently  un- 
limited extent.  A  volume  of  air  which,  under  ordinary  circiinistances, 
occupies  the  bulk  of  a  cubic  inch,  might,  by  the  removal  of  the  pressure 
upon  it,  bo  made  to  expand  to  the  capacity  of  a  whole  room,  while  a 
renewal  of  the  tonner  pressnre  would  bo  attended  by  a  shrinking  down  of 
the  air  to  its  former  bulk.  The  smalleat  portion  of  gas  Introduced  into  a 
largo  exhausted  vessel  becomes  at  once  diffused  through  the  whole  space, 
an  equal  quantity  being  present  In  every  part ;  the  vessel  is/»W,  althongh 
the  gas  ia  in  a  state  of  extreme  tenuity.  Tliis  power  of  espansion  which 
air  poaaesses  may  have,  and  probably  has,  in  reality,  a  limit ;  but  the 
limit  is  never  reached  in  practice.  We  are  quite  safe  in  the  asaumptinn 
that,  for  all   purposes  of  experiment,  however  refined,  air  ia  perfectly 
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It  is  tuaal  to  aaaigii  a  reason  for  this  indeSnite  ezpansibilit/  bj  ascribing 
lo  the  particles  of  material  bodies,  when  in  a  gajtiioiui  state,  a  Si'lf-repuUiva 
agenoj.  The  statement  Is  commoul;  iuad«  somewhat  in  tiiia  manner : 
matter  is  under  the  influence  of  two  oppusitu  forciii,  one  uF  whieli  tuuds  to 
draw  the  particles  togetlier,  the  otlier  to  separate  tbem.  By  tiiu  proponde- 
ranc-e  of  one  or  other  of  tbede  fortes,  we  have  the  three  stales  called  solid, 
liquid,  aiid  gasuoas.  Wlien  tlie  parlicleii  of  matter,  in  consequfnce  of  the 
direction  and  strength  of  their  mutual  attractions,  possess  only  a  very 
slight  powor  of  motion,  a  solid  substance  ri-aults  ;  when  the  forces  are 
ni^arly  balanced,  we  have  a  liquid,  tiie  parttiK'S  of  which  in  the  intfrior 
of  tho  mass  are  free  to  move,  but  yet,  to  a  certain  ejiteut,  are  held  together ; 
sad,  lastly,  when  the  attrautive  power  seems  lo  be  completely  overcome  by 
its  antagonist,  wo  have  a  gas  or  vapor. 

VsrioDs  names  are  applied  to  these  forces,  and  various  ideas  entertained 
concerning  them :  the  attractive  forces  bear  the  name  of  cohuBion  when 
they  ore  exerted  between  particles  of  matter  separated  by  an  immeasurably 
small  interval,  and  gravitation  when  the  distance  Is  great.  Therepul- 
sive  force  often  appears  to  be  idpntical  with  the  principle  of  heat.  We  shall 
rutam  to  this  subject  in  discussing  the  dynamical  theory  of  heat. 

Tie  Air-Pamp, — The  ordinary  air-pnmp,  shown  in  section  in  flg.  12, 
eoQ:iists  essentially  ot  a  metallic  cylinder,  in  which  moves  a  tiglitly-litting 
piston,  by  the  aid  of  its  rod.  The  bottom  of  thu  cylinder  toinmunicates 
with  the  vessel  to  be  exhausted,  and  is  furnished  with  a  valve  opening 
upwants.  A  similar  valve,  also  opening  upwards,  is  (Itted  to  the  piston  ; 
lilese  valres  are  made  with  slips  of  oiled  silk.     When  the  piston  is  raised 

Fig.  U 


from  the  bottom  of  the  cylinder,  the  space  left  beneath  it  most  be  void  of 
ur,  ainoe  the  piston-valve  opens  only  in  one  direction  :  the  air  within  the 
receiver  having  on  that  side  nothing  to  oppose  ila  elastic  power  but  the 
weight  of  the  little  valve,  lifts  the  latter,  and  escapes  into  the  cylinder. 
So  soon  as  the  piston  begins  to  descend,  the  lower  valve  closes,  by  its  own 
weight,  or  by  the  pressure  transmitted  from  above,  and  communication 
with  the  receiver  ia  cut  off.  As  the  descent  of  the  piston  continues,  the 
air  inclosed  in  the  cylinder  becomes  oompressed,  its  elasticity  is  increased, 
and  at  length  it  forces  open  the  upper  valve,  and  escapes  into  the  atmos- 
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pliere.  In  this  manner,  a  cylinder  full  of  air  is  removed  from  the  receiver 
at  every  stroke  of  the  pump.  During  the  descent  of  the  piston,  the  upper 
valve  remains  open,  and  the  lower  closed,  and  the  reverse  during  the  oppo- 
site movement. 

In  practice,  it  is  very  convenient  to  have  two  such  barrels  or  cylinders, 
arranged  side  by  side,  the  piston-rods  of  which  are  formed  into  racks, 
having  a  pinion  or  small-toothed  wheel  between  them,  moved  by  a  winch. 


Fig.  13. 


Fig.  14. 

n 


i 


By  this  contrivance  the  operation  of  exhaustion  is  much 
facilitated,  and  the  labor  lessened.  The  arrangement  is 
shown  in  fig.  13. 

AtmoBpherio  PreBsnre — The  Barometer. — ^Air  has 
weight ;  a  light  flask  or  globe  of  glass,  furnished  with  a  stop- 
cock and  exhausted  by  the  air-pump,  weighs  considerably 
less  than  when  full  of  air.  If  the  capacity  of  the  vessel  be 
equal  to  100  cubic  inches,  the  difi'erence  may  amount  to 
nearly  30  grains. 

After  what  has  been  said  on  the  subject  of  fluid  pressure, 
it  will  scarcely  be  necessary  to  observe  that  the  law  of  equality  of  pressure 
in  all  directions  also  holds  good  in  the  case  of  the  atmosphere.  The  per- 
fect mobility  of  the  particles  of  air  permits  the  transmission  of  the  force 
generated  by  their  gravity.  The  sides  and  bottom  of  an  exhausted  vessel 
are  pressed  upon  with  as  much  force  as  the  top. 

If  a  glass  tube  of  considerable  length  could  be  perfectly  exhausted  of 
air,  and  then  held  in  an  upright  position,  with  one  of  its  ends  dipping  into 
a  vessel  of  liquid,  the  latter,  on  being  allowed  access  to  the  tube,  would 
rise  in  its  interior  until  the  weight  of  the  column  balanced  the  pressure  of 
the  air  upon  the  surface  of  the  liquid.  Now,  if  the  density  of  this  liquid 
were  known,  and  the  height  and  area  of  the  column  measured,  means 
would  be  furnished  for  exactly  estimating  the  amount  of  pressure  exerted 
by  the  atmosphere.    Such  an  instrument  is  the  barometer.     To  oonstruct 
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it,  a  straiglit  glass  tube,  36  inches  long,  is  sealed  by  the  blowpipe  flame  at 
one  end;  it  in  then  fiUed  with  clean,  dry  mercury,  care  being  taken  to 
displace  all  air-bubbles,  the  open  end  stopped  with  a  finger,  and  the  tube 
inverted  in  a  basin  of  mercary.  On  removing  the  finger,  the  mercury  falls 
away  from  the  top  of  the  tube,  until  it  stands  at  the  height  of  about  30 
iaehes  above  the  level  of  that  in  the  basin.  Here  it  remains  supported  by, 
and  balancing  the  atmospheric  pressure,  the  space  above  the  mercury  in 
the  tube  being  of  necessity  empty. 

The  pressure  of  the  atmosphere  is  thus  seen  to  be  capable  of  sustaining 
a  column  of  mercury  30  inches  in  height,  or  thereabouts.'  Now  such  a 
eolnmn,  having  an  area  of  1  inch,  weighs  between  14  and  15  lbs. ;  conse- 
quently such  must  be  the  amount  of  the  pressure  exerted  upon  every  square 
inch  of  the  surface  of  the  earth,  and  of  the  objects  situated  thereon,  at  least 
near  the  level  of  the  sea.  This  enormous  force  is  borne  without  incon- 
venience by  the  animal  frame,  by  reason  of  its  perfect  uniformity  in  every 
direction ;  and  it  may  be  doubled,  or  even  tripled,  without  injury. 

A  barometer  may  be  constructed 


with  other  liquids  besides  mer- 
cury; but,  as  the  height  of  the 
oolunin  must  always  bear  an  in- 
verse proportion  to  the  density  of 
the  liquid,  the  length  of  tube  re- 
quired will  be  often  considerable ; 
in  the  case  of  water  it  will  exceed 
33  feet.  It  is  seldom  that  any  other 
liquid  than  mercury  is  employed 
in  the  construction  of  this  instru- 
ment. The  Royal  Society  of  Lon- 
don possessed  a  water  barometer 
at  their  apartments  at  Somerset 
House.  Its  construction  was  at- 
tended with  great  difficulties,  and 
it  was  found  impossible  to  keep  it 
in  repair. 

SprengePs  Air-I^anp.  — If  an 
aperture  be  made  in  the  top  of 
a  barometer  tube  the  mercury 
will  sink,  and  draw  in  air ;  and 
if  the  experiment  be  so  arranged 
as  to  allow  air  to  enter  along 
with  the  mercury,  and  the  sup- 
ply of  air  is  limited,  while  that 
of  the  mercury  is  unlimited,  the 
air  will  be  carried  away  and 
a  vacuum  produced.  On  this 
principle,  Dr.  Sprengel  has  con- 
trived an  apparatus  by  which  a 
very  complete  exhaustion  may  be 
obtained,  ai  (fig.  15;  is  a  glass 
tnbe  longer  than  a  barometer, 
open  at  both  ends,  and  connected, 
by  means  of  India-rubber  tubing, 
with  a  funnel  A  filled  with  mer- 
cury, and  supported  on  a  stand. 
Mercury  ia  allowed  to  fall  through 
this  tnbe  at  a  rate  regulated  by  a 
damp  at  c;  the  lower  end  of  the 
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tabs  Off  fits  into  tLe  flask  B,  which  has  a  spout  at  its  side,  a  tittle  higher 
than  the  lower  end  of  the  lube  a/;  the  upper  part  of  this  tulie  )ibh  a 
braucL  at  x,  to  wliioh  a  receiver  U  cau  be  tightly  Uxcd.  When  the  clamp 
ftt  c  is  opened,  the  first  portion  of  mercury  that  rang  out  cloaee  Che  tube 
and  preveutH  air  from  enteriug  below.  Aa  the  mercury  ia  allowed  U>  run 
down,  the  ezhaustioa  begins,  and  the  whole  length  of  the  tube  from  xlod 
is  filled  with  cylinders  of  air  ftiid  mercury  bax-ing  a  downward  mulion. 
Air  and  luercury  esuape  through  the  spout  of  the  bulb  B,  beluw  which 
is  placed  a  basin  H  to  receive  tlie  mercury;  and  this  mercury  is  poured 
back  from  tiuiu  to  tioie  into  the  funnel  A,  to  lie  repasHed  through  the 
tube  till  the  exhausliuu  it)  complete.  As  this  point  is  approached,  the 
inclosed  air  between  the  mercury  cylinders  is  iteuu  to 
Fig.  IS.  diminish,  until  the  lower  part  of  of  forms  a  continuoua 

column  of  mercury  about  ^0  inches  high.  The  opera- 
tion is  complete  when  the  column  of  mercury  is  quite 
free  from  air,  and  a  drop  of  mercury  falls  on  (he  lop  of 
it  without  inclosing  the  Bmnllest  air-bubble.  The 
height  of  the  column  is  then  equal  to  that  of  the  mer- 
oury  in  the  barometer ;  in  other  words,  the  appa- 
ratus is  a  barometer  whose  vacuum  is  the  receiver  R. 
It  may  be  advantageously  combined  with  an  exhaust- 
ing syringe,  which  removes  the  greater  part  of  the  air, 
the  exhaustion  Ixting  then  completed  as  atiove. 

Relatloiu  betw«eii  Freasare,  ElastfcftT,  and 
Tolame  of  OaaeB.  —  It  will  now  be  neceH^iary  to 
consider  a  mnst  im[)ortaut  law  which  connecta  tlie 
volume  occupied  by  a  gas  with  the  pressure  made 
upon  it,  and  is  thus  expresse<) : — 

The  volume  of  gas  is  inrerfJi/  as  the  pressure ;  the 
density  and  elastic  force  are  directly  aa  the  presBnre, 
and  invertely  as  the  volume. 

For  instance,  100  cubic  inches  of  gas  under  a  pres- 
sure of  30  inches  of  mercury  would  expand  to  200 
cubic  inclies  were  the  pressure  reduced  to  one-half,  . 
and  shrink,  on  the  contrary,  to  50  cubic  incliM  if  the 
original  pressure  were  doubled.  The  change  of  den- 
sity must  neci'ssarily  be  in  the  inverse  proportion  to 
that  of  the  volume,  and  tlie  elastic  force  follows  the 
same  rule. 

This,  which  is  nanally  called  the  law  of  Marlotte, 
though  really  discovered  by  lioyle  (1U61),  is  easily 
demonstrable  by  direct  experiment.  A  glass  tulie 
(lig.  16),  about  7  feet  long,  iit  closed  at  one  end,  and 
bent  into  the  form  represented  in  fig.  16,  the  open 
limb  of  the  syphon  being  the  longer.  It  is  next 
attached  to  a  board  furnished  with  a  movable  scale 
of  inches,  and  enough  mercury  is  introduced  to  till 
the  bend,  tlie  level  being  evenly  adjusted  and  marked 
npoM  the  board.  Mercury  is  now  poured  into  the 
tube  until  the  inclosed  air  Is  redncM  to  one-half  of 
its  former  volume ;  and  on  applying  the  scale,  it  will 
be  fonnd  that  the  level  of  the  mercury  in  the  open 
part  of  the  tube  stands  vety  nearly  30  inches  alive 
that  in  the  closed  portion.  The  pressure  of  an  ad- 
ditional "atmosphere"  haa  consequently  reduced  the 
bulk  of  the  contained  air  to  one-half.     If  the  experi- 
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meni  be  still  continued  until  the  volume  of  air  is  reduced  to  a  third,  it  will 

be  found  that  the  column  measures  (>0  inches,  and  so  in  like  proportion  as 

far  as  the  experiment  is  carried. 
The  above  instrument  is  better  adapted  for  illustration  of  the  principle 

than  for  furnishing  rigorous  proof  of  the  law.  This  has,  however,  been  done. 

UM.  Arago  and  Dulong  published,  in  the  jear  1830,  an  account  of  certain 
experiments  made  by  them  in  Paris,  in  which  the  law  in  question  had 
been  verified  to  the  extent  of  twenty-seven  atmospheres.  With  rarefied 
air,  also,  of  whatever  degree  of  rarefaction,  the  law  has  been  found  true. 
All  gases  are  alike  subject  to  this  law,  and  all  vapors  of  volatile  liquids, 
when  remote  from  their  points  of  liquefaction.*  It  is  a  matter  of  the  greatest 
importance  in  practical  chemistry,  since  it  gives  the  means  of  making  cor- 
rections for  pressure,  or  determining  by  calculation  the  change  of  volume 
which  a  gas  would  suffer  by  any  given  change  of  external  pressure. 

Let  it  be  required,  for  example,  to  solve  the  following  problem :  We 
have  100  cubic  inches  of  gas  in  a  graduated  jar,  the  barometer  standing 
at  2B  inches ;  how  many  cubic  inches  will  it  occupy  when  the  column 
rises  to  30  inches  ?  Now  the  volume  must  be  inversely  as  the  pressure  ; 
consequently,  a  change  of  pressure  in  the  proportion  of  29  to  30  must  be 
accompanied  by  a  change  of  volume  in  the  proportion  of  30  to  29,  the  30 
cubic  inches  of  gas  contracting  to  29  cubic  inches  under  the  conditions 
imagined.     Hence  the  answer — 

30  :  29  =  100  :  96.67  cubic  inches. 

The  reverse  of  the  oi>eration  will  be  obvious.  The  pupil  will  do  well 
to  familiarize  himself  with  the  simple  calculations  of  corrections  for 
pressure. 

*  Near  the  liquefying  point  the  Uw  no  longer  holds ;  the  volume  diminishes 
mere  rapidly  than  the  theory  indicates,  a  smaller  amount  of  pressure  being  then 
Buflielent.    (See  further,  p.  06). 


4* 


42 


HEAT. 


HEAT. 


It  will  be  convenient  to  consider  tlie  sabject  of  heat  under  several  sec- 
tions, and  in  the  following  order : — 

1.  Expansion  of  bodies,  or  effects  of  variations  of  temperature  in  altering 

their  dimensions. 

2.  Conduction,  or  transmission  of  heat. 

3.  Specific  heat. 

4.  Change  of  state. 

5.  Sources  of  heat. 

6.  Dynamical  theory  of  heat. 

Ezpanaion. 

If  a  bar  of  metal  of  such  magnitude  as  to  fit  accurately  to  a  gauge,  when 
cold,  be  heated  considerably,  and  again  applied  to  the  gauge,  it  will  be 
found  to  have  become  enlarged  in  all  its  dimensions.  When  cold,  it  will 
once  more  enter  the  gauge. 

Again,  if  a  quantity  of  liquid  contained  in  a  glass  bulb  furnished  with 
a  narrow  neck,  be  plunged  into  hot  water,  or  exposed  to  any  other  source 


Fig.  17. 


Fig.  18. 


Fig.  1©. 
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of  heat,  the  liquid  will  mount  in  the  stem,  showing  that  its  volume  has 
been  increased.  The  bulb,  however,  has  likewise  expanded  by  the  heat, 
and  its  capacity  has  consequently  been  augmented.  The  rise  of  the 
liquid  in  the  tube,  therefore,  denotes  the  diii'erence  between  these  two 
expansions. 

Or,  if  a  portion  of  air  be  confined  in  any  vessel,  the  application  of  a 
slight  degree  of  heat  will  suffice  to  make  it  occupy  a  space  sensibly 
larger. 

The  most  general  of  all  the  effects  of  heat  furnishes  in  the  outset  a  prin- 
ciple, by  the  aid  of  which  an  instrument  can  be  constructed  capable  of 
taking  cognizance  of  changes  of  temperature  in  a  manner  equally  accurate 
and  convenient ;  such  an  instrument  is  the  thermometer. 

A  capillary  glass  tube  is  chosen,  of  uniform  diameter ;  one  extremity  is 
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Fig.  20. 


closed  and  expanded  into  a  balb,  by  the  aid  of  the  blowpipe  flame,  and 
the  other  somewhat  drawn  out,  and  left  open.  The  bulb  in  now  cautiously 
heated  by  a  spirit-lamp,  and  the  open  extremity  plunged  into  a  ves8i»l 
of  mercury,  a  portion  of  which  rises  into  the  bulb  when  the  latter  cools, 
replacing  the  air  which  had  been  expanded  and  driven  out  by  the  heat. 
By  again  applying  the  flame,  and  causing  this  mercury  to  boil,  the 
remainder  of  the  air  is  easily  expelled,  and  the  whole  space  filled  with 
mercurial  vapor.  The  open  end  of  the  tube  must  now  be  immediately 
plunged  into  the  vessel  filled  with  mercury.  As  the  metallic  vapors  con- 
dense, the  pressure  of  the  external  air  forces  the  liquid  metal  into  the 
instrument,  until  finally  the  tube  is  completely  filled 
with  mercury.  The  thermometer  thus  filled  is  now  to 
be  heated  until  so  much  mercury  has  been  driven  out 
by  the  expansion  of  the  remainder,  that  its  level  in 
the  tube  shall  stand  at  common  temperatures  at  the 
point  required.  This  being  satisfactorily  adjusted,  the 
heat  is  once  more  applied,  until  the  column  rises  quite 
to  the  top  ;  and  then  the  extremity  of  the  tube  is  her- 
metically sealed  by  the  blowpipe.  The  retraction  of 
the  mercury  on  cooling  now  leaves  an  empty  space, 
which  ia  ^kiontial  to  the  perfection  of  the  instrument. 
The  thermometer  has  yet  to  be  graduated ;  and  to 
make  its  indications  comparable  with  those  of  other 
instruments,  a  scale,  having  at  the  least  two  fixed 
points,  must  be  adapted  to  it. 

It  has  been  observed,  that  the  temperature  of  melt- 
ing ice,  that  is  to  say,  of  a  mixture  of  ice  and  water, 
is  always  constant ;  a  thermometer,  already  graduated, 
plunged  into  such  a  mixture,  always  marks  the  same 
degree  of  temperature,  and  a  simple  tube  filled  in  the  manner  described 
and  so  treated,  exhibits  the  same  effect  in  the  unchanged  height  of  the 
little  mercurial  column,  when  tried  from  day  to  day.  The  freezing  point 
of  water,  or  melting  point  of  ice,  constitutes  then  one  of  the  invariable 
temperatures  demanded. 

Another  is  to  be  found  in  the  boilmg  point  of  water,  or,  more  accurately, 
in  the  temperature  of  steam  which  rises  from  boiling  water.  In  order  to 
give  this  temperature,  which  remains  perfectly  constant  whilst  the  bare-' 
metric  pressure  is  constant,  to  the  mercury  of  the  thermometer,  distilled 
water  is  made  to  boil  in  a  glass  vessel  with  a  long  neck,  when  the  pressure 
is  at  30  inches  (fig.  20).  The  thermometer  is  then  so  placed  that  all  the 
mercury  is  surrounded  with  steam.  It  quickly  rises  to  a  fixed  point,  and 
there  it  remains  as  long  as  the  water  boils,  and  the  height  of  the  barometer 
is  unchanged. 

The  tube  having  been  carefully  marked  with  a  file  at  those  two  points, 
it  remains  to  divide  the  interval  into  degrees ;  this  division  is  entirely 
arbitrary.  The  scale  now  most  generally  employed  is  the  Centigrade,  in 
which  the  space  is  divided  into  100  parts,  the  zero  being  placed  at  the 
freezing  point  of  water.  The  scale  is  continued  above  and  below  these 
points,  numbers  below  0  being  distinguished  by  the  negative  sign. 

In  England  and  North  America  the  division  of  Fahrenheit  is  still  in 
use;  the  above  mentioned  space  is  divided  into  180  degrees  ;  but  the  zero, 
instead  of  starting  from  the  freezing  point  of  water,  is  placed  32  degrees 
below  it,  so  that  the  temperature  of  ebullition  is  expressed  by  21 20. 

The  plan  of  Reaumur  is  nearly  confined  to  a  few  places  in  the  north  of 
Germany  and  to  Bussia  ;  in  this  scale  the  freezing  point  of  water  is  made 
(P,  and  the  boiling  point  S(P. 
It  is  unfortunate  that  a  uniform  system  has  not  been  generally  adopted 
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iu  graduating  thermometers;  this  would  render  unnecessary  the  labor 
which  now  so  frequently  has  to  be  performed  of  translating  the  language 
of  one  scale  into  that  of  another.  To  effect  this,  presents,  however,  no 
great  difficulty.  Let  it  be  required,  for  example,  to  know  the  degree  of 
Fahrenheit's  scale  which  corresponds  to  60^  C. 

lOOO  C.  =  180O  F.;  or  50  C.  «  QO  p. 


Consequently, 


6  :  9  s  60  :  108. 


But  then,  as  Fahrenheit's  scale  commences  with  320  instead  of  OO,  that 
number  must  be  added  to  the  result,  making  60<^.  s=  140^  F. 

The  rule,  then,  is  the  following :  To  convert  centigrade  degrees  into 
Fahrenheit  degrees,  multiply  by  9,  divide  the  product  by  6,  and  add  32; 
to  convert  Fahrenheit  degrees  into  centigrade  degrees,  subtract  32,  mul- 
tiply by  5,  and  divide  by  9. 

The  reduction  of  negative  degrees,  or  those  below  zero,  of  one  scale  into 
those  of  another  scale,  is  effected  in  the  same  way.  For  example,  to  con- 
vert — 150  C.  into  degrees  of  Fahrenheit,  we  have— 

_15  X  4-+ 32  =  — 27  +  32>=+5F. 
0 

In  this  work  temperatures  will  always  be  given  in  centigrade  degrees, 
unless  the  contrary  is  stated. 

Mercury  is  usually  chosen  for  making  thermometers,  on  account  of  its 
regularity  of  expansion  within  certain  limits,  and  because  it  is  easy  to 
have  the  scale  of  great  extent,  from  the  large  interval  between  the  freezing 
and  boiling  points. of  the  metal.  Other  substances  are  sometimes  used ; 
alcohol  is  employed  for  estimating  very  low  temperatures,  because  this 
liquid  has  not  been  frozen  even  at  the  lowest  degree  of  cold  which  has 
been  artificially  produced. 

Air-thermometers  are  also  used  for  some  few  particular  purposes  ;  indeed, 
the  first  thermometer  ever  made  was  of  this  kind.    There  are  two  modifi- 


Fig.  21. 


Fig.  23. 
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cations  of  this  instrument ;  in  the  first,  the  liquid  into  which  the  tube 
dips  is  open  to  the  air ;  and  in  the  second,  shown  in  Fig.  21,  the  atmos- 
phere is  completely  excluded.  The  effects  of  expansion  are  in  the  one 
case  complicated  with  those  arising  from  changes  of  pressure,  and  in  the 
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other  they  cease  to  be  visible  at  all  when  the  whole  instrument  is  subjected 
to  alterations  of  temperature^  because  the  air  in  the  upper  and  lower  reser- 
voir, being  equally  alfected  by  such  changes,  no  alteration  in  the  height 
of  the  fluid  column  can  occur.  Accordingly,  such  instruments  are  called 
differential  thermometers,  since  they  serve  to  measure  differences  of  tempe- 
rature Ix^tween  the  two  portions  of  air,  while  changes  affecting  both  alike 
are  not  indicated.     Fig.  22  shows  another  form  of  the  same  instrument. 

The  air-thermometer  may  be  employed  for  measuring  all  temperatures 
from  the  lowest  to  the  highest ;  M.  Pouillet  has  described  one  by  which 
the  heat  of  an  air-furnace  could  be  measured.  The  reservoir  of  this 
instrument  is  of  platinum,  and  it  is  connected  with  a  piece  of  apparatus 
by  which  the  increase  of  volume  experienced  by  the  included  air  is 
determined. 

An  excellent  air-thermometer  has  been  constructed  and  used  by  Rud- 
berg,  and  more  recently  by  Magnus  and  Regnault,  for  measuring  the 
expansion  of  the  air.  Its  construction  depends  on  the  law,  that  when  air 
is  heated  and  hindered  from  expanding,  its  tension  increases  in  the  same 
proportion  iu  which  it  would  have  increased  in  volume  if  permitted  to 
expand. 

All  bodies  are  enlarged  by  the  application  of  heat,  and  reduced  by  its 
abstraction ;  or,  in  other  words,  contract  on  being  artificially  cooled  ;  this 
effect  takes  place  to  a  comparatively  small  extent  with  solids,  to  a  larger 
amount  in  liquids,  and  most  of  all  in  the  case  of  gases. 

Each  solid  and  liquid  has  a  rate  of  expansion  peculiar  to  itself ;  gases, 
on  the  contrary,  expand  nearly  alike  for  the  same  increase  of  heat. 

Expansion  of  Solids. — ^The  actual  amount  of  expansion  which  different 
soliils  undergo  by  the  same  increase  of  heat  has  been  carefully  investi- 
gated. The  following  are  some  of  the  results  of  the  best  investigations, 
more  particularly  those  of  Lavoisier  and  Laplace.  The  fraction  indicates 
the  amount  of  expansion  in  length  suffered  by  the  rods  of  the  under- 
mentioned bodies  in  passing  from  CP  to  lOU^  : — 


Fir-wood*  . 
English  flint  glass 
Platinum    . 
Common  white  glass 
Common  white  glass 
Glass  without  lead 
Another  specimen 
Steel  untempered 


tt\t 
ttVt 

•sir 


Tempered  steel 
Soft  iron 
Gold     . 
Copper 
Brass    . 
Silver  . 
Lead     . 
Zinc 


From  the  linear  expansion,  the  cubic  expansion  (or  measure  of  volume), 
may  be  calculated.  When  tjie  expansion  of  a  body  in  different  directions 
is  equal,  as,  for  example,  in  glass,  hammered  metals,  and  generally  in 
most  uucrystallized  substances,  it  will  be  sufficient  to  triple  the  fraction 
expressing  the  increase  in  one  dimension.  This  rule  does  not  hold  true 
for  crystals  belonging  to  irregular  systems,  for  they  expand  unequally  in 
the  direction  of  the  different  axes. 

Metals  appear  to  expand  pretty  uniformly  for  equal  increments  of  heat 
within  the  limits  stated  ;  but  above  the  boiling  point  of  water  the  rate  of 
expansion  become  irregular  and  more  rapid. 

The  force  exerted  in  the  act  of  expansion  is  very  great.  In  laying  down 
railways,  building  iron  bridges,  erecting  long  ranges  of  steam-pipes,  and 
in  executing  all  works  of  the  kind  in  which  metal  is  largely  used,  it  is 
indispensable  to  make  provision  for  these  changes  of  dimensions. 


*  Iq  the  direction  of  the  veseli. 
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In  consequence  of  glass  and  platinum  having  nearly  the  same  amount 
of  expansion,  a  thin  platinum  wire  may  be  fn«ed  into  a  glass  tube,  without 
any  fear  that  the  glass  will  break  on  cooling. 

A  very  useful  application  of  expansion  by  heat  is  that  of  the  cutting  of 
glass  by  a  hot  iron ;  this  is  constantly  practised  in  the  laboratory  for  a 
great  variety  of  purposes.  The  glass  to  be  cut  is  marked  with  ink  in  the 
required  direction,  and  then  a  crack,  commenced  by  any  convenient 
method,  at  some  distance  from  the  desired  line  of  fracture,  may  be  led  by 
the  point  of  a  heated  iron  rod  along  the  latter  with  the  greatest  precision. 

Expansion  of  Liquids, — ^The  dilatation  of  a  liquid  may  be  determined  by 
filling  a  thermometer  with  it,  in  which  the  relation  between  the  capacity 
of  the  ball  and  that  of  the  stem  is  exactly  known,  and  observing  the  height  of 
the  column  at  different  temperatures.  It  is  necessary  in  this  experiment 
to  take  into  account  the  effects  of  the  expansion  of  the  glass  itself,  the  ob- 
served result  being  evidently  the  difference  of  the  two. 

Liquids  vary  exceedingly  in  this  particular.  The  following  table  is  taken 
from  P6clet's  ** Elements  de  Physique:'' — 

Apparent  Dilatation  in  Glass  between  QP  and  10(P. 

Water ^ 

Hydrochloric  acid,  sp.  gr.  1.37         .        •        .        *    iV 

Nitric  acid,  sp.  gr.  1.4 ^ 

Sulphuric  acid,  sp.  gr.  1.85 

Ether 

Olive  oil 

Alcohol •        .        . 

Mercury ^ 

Most  of  these  numbers  must  be  taken  as  representing  mean  results ;  for 
there  are  few  liquids,  which,  like  mercury,  expand  regularly  between 
these  temperatures.  Even  mercury  above  lOCP  shows  an  unequal  and 
increasing  expansion,  if  the  temperature  indicated  by  the  air-thermometer 
be  used  for  comparison.  This  is  shown  by  the  following  abstract  of  a  table 
given  by  Regnault :— 


BeAdlng  of  Air 

Beading  of  Mercurial 

Temperature  deduced 
fFom  thfi  Abaolute 

Thermometer. 

Thermometer. 

Expansion  of  Mercury. 

OO 

OO 

OO 

10(f 

100 

100 

200 

200 

202.78 

300 

301 

308.34 

350 

354 

362.16 

The  absolute  amount  of  expansion  of  mercury  is,  for  many  reasons,  a 
point  of  great  importance;  it  has  been  very  carefully  determined  by  a 
method  independent  of  the  expansion  of  the  containing  vessel .  The  appara- 
tus  employed  for  this  purpose,  first  by  Dulong  and  Petit,  and  later  by 
Regnault,  is  shown  in  fig.  23,  divested,  however,  of  many  of  its  subordinate 
parts.  It  consists  of  two  upright  glass  tubes,  connected  at  their  bases  by 
a  horizontal  tube  of  much  smaller  dimensions.  Since  a  frt^  communication 
exists  between  the  two  tubes,  mercury  poured  into  the  one  will  rise  to  the 
same  level  in  the  other,  provided  its  temperature  is  the  same  in  both 
tubes ;  when  this  is  not  the  case,  the  hotter  column  will  be  the  Uller,  be- 
cause the  expansion  of  the  metal  diminishes  its  specific  gravity,  and  the 
law  of  hydrostatic  equilibrium  requires  that  the  height  of  such  colunms 


HEAT.  IT 

shDvM  be  Inversely  as  their  densities.  By  the  &id  of  the  oat«r  cylinders, 
one  of  the  tabee  is  maintalDed  oonstontl;  at  0°,  wbilo  the  other  is  ruiitud, 
by  means  of  heated  water  or  oil,  to  auj'  required  temperature.  The  per- 
peodicolor  height  of  the  columns  may  then  be  read  oS  by  a  horiioutol 
micrometer  teltsoope,  moving  on  h  rertical  divided  scale. 

These  heights  represent  volumee  uf  eqoal  weight,  beranse  volames  of 
eqoat  weight  be&r  on  InTsrse  proportion  to  the  densities  of  the  liquids, 
•0  that  the  amonnt  of  expansion  admits  of  being  very  easily  calculated. 
Thna,  let  the  column  at  (P  be  6  inches  high,  and  that  at  lOtP,  t>.l()8  inches; 
the  increase  of  height,  108  on  60U0,  or  j^.g  part  of  the  whole,  will  repre- 
MDt  the  Absolute  oabical  ezpausioii. 

Flg.S. 


The  indications  of  the  mercurial  thermometer  are  inaccurate  when  vetT' 
high  ranges  of  temperature  are  concerned,  from  the  increased  expansibilily 
of  the  metal.  The  error  thus  caused  ia,  however,  nearly  compensated,  for 
temperatures  under  304.50  c.  (40CP  F.)  by  the  expansion  of  the  glass  tube. 
For  higher  temperatures  a  Small  correction  ia  nec^sary,  as  the  above  table 

To  what  extent  the  espansion  of  different  liquids  may  vary  between  the 
same  tcmperatnreB  ia  obvious  from  a  glance  at  fig.  24  which  represents  the 


erpanjionof  mercury  (M),  water  (W),  oil  of  turpentine  (T),  and  alcohol 
(A).  A  colnmn  of  these  several  liquids,  equalling  at  0°  the  tenfold  height 
of  the  line  0  0.1  In  the  diagram,  would  exhibit,  when  heated  to  a  tempera- 
ture of  10°,  20O,  30°,  etc.,  an  expansion  indicated  by  the  distances  at  which 
the  prrpcndicnlar  lines  drawn  over  the  numbers  10,  20,  30,  etc.,  are  inlnr- 
sected  by  the  cnrves  belonging  to  each  of  these  liquidB.  Thus  it  ia  seen 
that  oil  of  turpentine,  between  (P  and  lOOO,  expands  very  nearly  ^  of  its 
volume,  and  that  mercnry  between  the  aame  limits  of  temperature  expands 
nniformly,  while  the  rate  of  expansion  of  the  other  liquids  ! 
the  rise  of  the  temperature. 
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An  exception  to  the  regularity  of  expansion  in  liquids  exists  in  the  case 
of  water ;  it  is  so  remarkable,  and  its  consequences  so  important,  that  it 
is  necessary  to  advert  to  it  particularly. 

Let  a  large  thermometer-tube  be  filled  with  w^ater  at  the  common  tem- 
perature of  the  air,  and  then  artificially  cooled.  The  liquid  will  be  ob- 
served to  contract,  until  the  temperature  falls  to  about  4<^  C.  (39. 2^  p.,  or 
7.20  above  the  freezing  point).  After  this  a  further  reduction  of  tempera- 
ture causes  expansion  instead  of  contraction  in  the  volume  of  the  water, 
and  this  expansion  continues  until  the  liquid  arrives  at  its  point  of  con- 
gelation, when  so  sudden  and  violent  an  enlargement  takes  place  that  the 
vessel  is  almost  invariably  broken.  At  the  temperature  of  4^  water  is  at 
its  maximum  density ;  increase  or  diminution  of  heat  produces  upon  it, 
for  a  short  time,  the  same  effect. 

According  to  the  latest  researches  of  Kopp,  the  point  of  greatest  density 
of  water  is  4.08^  C.  (39. 34^  F.).  According  to  the  determinations  of  this 
physicist,  the  volume  of  water  ^  1  at  CP  C.  changes,  when  heated,  to  the 
following  volumes  : — 


20  0.99991 

1(P  1.00085 

350  1.00570 

700  1.02225 

40  0.99988 

I80  1.00118 

400  1.00753 

.   750  1.02544 

60  0.99990 

200  1.00157 

450  1.00954 

8OO  1.02858 

80  0.99999 

220  1.00200 

50O  1.01177 

850  1,03189 

100  1.00012 

240  1.00247 

550  1.01410 

900  1.03540 

120  1.00031 

250  1.00272 

6OO  1.01659 

950  1.03909 

14^  1.00056 

300  1.00406 

650  1.01930 

1000  1.04299 

Sea-water  has  no  point  of  maximum  density  above  the  freezing  point. 
The  more  it  is  cooled  the  denser  it  becomes,  until  it  solidifies  at  — 2.6C>  C. 

The  gradual  expansion  of  pure  water  cooled  below  4^  C.  must  be  care- 
fully distinguished  from  the  great  and  sudden  increase  of  volume  it  ex- 
hibits in  the  act  of  freezing,  in  which  respect  it  resembles  many  other 
bodies  which  expand  on  solidifying.  The  force  thus  exerted  by  freezing 
water  is  enormous.  Thick  iron  shells  quite  filled  with  water,  and  ex- 
posed with  their  fuse-holes  securely  plugged,  to  the  cold  of  a  Canadian 
winter  night,  have  been  found  split  on  the  following  morning.  The  freez- 
ing of  water  in  the  joints  and  crevices  of  rocks  is  a  most  potent  agent  in 
their  disintegration. 

Expansion  of  Gases. — ^The  principal  laws  reiatmg  to  the  expansion  of 
gases  are  contained  in  the  four  following  propositions  : — 

1.  All  gases  expand  nearly  alike  for  equal  increments  of  heat ;  and  all 

vapors,  when  remote  from  their  condensing  points,  follow  the  same 
law. 

2.  The  rate  of  expansion  is  not  altered  by  a  change  in  the  state  of  com- 

pression, or  elastic  force,  of  the  gas  itself. 

3.  The  rate  of  expansion  is  uniform  for  all  degrees  of  heat. 

4.  The  actual  amount  of  expansion  is  equal  to  ^fy  or  yJJ^  or  0.003666 

of  the  volume  of  the  gas  at  OO  centigrade,  for  each  degree  of  the 
same  scale.* 

It  will  not  he  necessary  to  enter  into  any  description  of  the  methods  of 
investigation  by  which  those  results  have*  been  obtained  ;  the  advanced 
student  will  find  in  Pouillet'a  "  Eli^monts  de  Physique,"  and  in  the  papers 
of  Magnus  and  Regnault,f  all  the  information  he  may  require. 

*  The  frnctlon  yJ^Tr  1"  very  convenient  for  oalculfttlon. 

t  Pofirjfpndorfr»8  Annalen,  Iv.  1— Ann.  Ghlm.  Phys.  3d  serleA,  iv.  6»  and  v.  flJ. 
Soe  also  Watta's  Dictionary  of  (^hemlntry,  art.  Heat,  vol.  iii  p.  46  :  and  Ganot's 
£i«meDt8  de  Physique,  translated  by  Dr.  Atkinson,  4th  edition,  pp.  2^i3-2fi2. 
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In  the  practical  manipulation  of  gases,  it  verj  often  becomes  necessary 
to  make  a  oorrectiou  for  temperature,  or  to  discover  how  much  the  volume 
of  a  gas  would  be  increased  or  diminished  by  a  particular  change  of  tern- 
IMsrature ;  this  can  be  effected  with  great  facility.  Let  it  be  required,  for 
example,  to  find  the  volume  which  100  cubic  inches  of  any  gas  at  10^  C. 
would  become  on  the  temperature  rising  to  20^  C. 

The  rate  of  expansion  is  ^\j  or  ^  JJ^  of  the  volume  at  0^  for  each  degree ; 
or  3000  measures  at  (P  become  3011  at  1^,  3022  at  2P,  3110  at  10^,  and 
3220  at  20O.     Hence 

Meai.  at  1(P.  Me»«.  nt  W.  Meas.  at  10^  Mens,  at  20°. 

3110  :  3220         =  100  :       103.537. 

If  this  calculation  is  required  to  be  made  on  the  Fahrenheit  scale,  it 
most  be  remembered  that  the  zero  of  that  scale  is  32^  below  the  melting- 
point  of  ice.  Above  this  temperature  the  expansion  for  each  degree  of  the 
Fahrenheit  scale  is  -^^jf  of  the  original  volume. 

Tliis,  and  the  correction  for  pressure,  are  operations  of  very  frequent 
occurrence  in  chemical  investigations,  and  the  student  will  do  well  to 
become  familiar  with  them. 

The  following  formula  includes  both  these  corrections  :  Let  V  and  V 
be  the  volume  of  a  gas  at  the  temperatures  t  and  t'  centigrade,  and  under 
the  pressure  p  and  /»',  measured  in  millimetres  of  mercury  :  then 

Z.  —  l+0-003666f  p^ 

V  "^  14-0.003666^'         p 

The  case  which  most  frequently  occurs  is  the  reduction  of  a  measured 
volume,  V,  of  a  gas  at  the  temperature  t  and  pressure  p  to  the  volume  Vq, 
which  it  would  occupy  at  0°  C,  and  under  a  pressure  of  760  mm.  In  this 
case,  we  have  /'^  0,  and  p'^  760,  therefore 

—  =  (1  +  0.0036660  .  ?^?  , 
Vo  P 

and  V  ^  '^ 

^0  — 


1  +  0.003666<    760 

If  the  barometric  pressure  is  measured  in  inches,  the  number  30  must  be 
substituted  for  760. 


yoie. — Of  the  four  propositions  stated  in  the  text,  the  first  and  second 
have  recently  been  shown  to  be  true  within  certain  limits  only ;  and  the 
third,  although  in  the  highest  degree  probable,  would  be  very  difficult  to 
demonstrate  rigidly ;  in  fact,  the  equal  rate  of  expansion  of  air  is  assumed 
in  all  experiments  on  other  substances,  and  becomes  the  standard  by  which 
the  results  are  measured. 

The  rate  of  expansion  for  the  different  gases  is  not  absolutely  the  same, 
bat  the  difference  is  so  small  that  for  most  purposes  it  may  safely  be 
ni^Iected.  Neither  is  the  state  of  elasticity  altogether  indifferent,  the 
expansion  being  sensibly  greater  for  an  equal  rise  of  temperature  when 
the  gas  is  in  a  compressed  state. 

It  is  important  to  notice  that  the  greatest  deviations  from  the  rule  are 
exhibited  by  those  gases  which,  as  will  hereafter  be  seen,  are  most  easily 
liquefied,  such  as  carbon  dioxide,  cyanogen,  and  sulphur  dioxide ;  and  that 
the  discrepancies  become  smaller  and  smaller  as  the  elastic  force  is  less- 
ened ;  so  that,  if  means  existed  for  comparing  the  different  gases  in  states 
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equally  distant  from  their  {winta  of  condenaation,  there  is  reason  to  belieTe 
that  the  law  would  be  strictlj  fulfilled. 

The  experiments  of  Dalton  and  Gay-Lussac  gave  for  the  rate  of  expan- 
sion 2I7  of  the  volume  at  (P :  this  is  no  doubt  too  high.  Those  of  Rudberg 
give  f  }f ,  those  of  Magnus  and  of  Regnanlt  ^  j  j. 

Condnotion  of  Heat. 

Different  bodies  possess  very  different  conducting  powers  with  resx)ect 
to  heat ;  if  two  similar  rods,  the  one  of  iron,  the  other  of  glass,  be  held  in 
the  flame  of  a  spirit-lamp,  the  iron  will  soon  become  too  hot  to  be  touched, 
while  the  glass  may  be  grasped  with  impunity  within  an  inch  of  the  red- 
hot  portion. 

Experiments  made  by  analogous  but  more  accurate  methods  have  estab- 
lished a  numerical  comparison  of  the  conducting  powers  of  many  bodies. 
The  following  may  be  taken  as  a  specimen : — 


Silver 

Copper 

Gold 

Brass 

Tin  . 

Iron. 


1000 

Steel  . 

.  116 

736 

Lead  . 

.     85 

532 

Platinum   . 

.     84 

236 

German  silver    . 

.     63 

145 

Bismuth     . 

.     18 

119 

As  a  class  the  metals  are  by  very  far  the  best  conductors,  although  much 
difference  exists  between  them ;  stones,  dense  woods,  and  charcoal  follow 
next  in  order ;  then  liquids  in  general,  and  lastly  gases,  whose  conducting 
power  is  almost  inappreciable. 

Under  favorable  circumstances,  -nevertheless,  both  liquids  and  gases  may 
become  rapidly  heated ;  heat  applied  to  the  bottom  of  the  containing  ves- 
sel is  very  speedily  communicated  to  its  contents  ;  this,  however,  is  not  so 
much  by  conduction,  as  by  convection,  or  carrying.  A  complete  circula- 
tion is  set  up ;  the  portions  in  contact  with  the  bottom  of  the  vessel  get 
heated,  become  lighter,  and  rise  to  the  surface,  and  in  this  way  the  heat 
becomes  communicated  to  the  whole.  If  these  movements  be  prevented  by 
dividing  the  vessel  into  a  great  number  of  compartments,  the  really  low 
conducting  power  of  the  substance  is  made  evident ;  and  this  is  the  reason 
why  certain  organic  fabrics,  as  wool,  silk,  feathers,  and  porous  bodies  in 
general,  the  cavities  of  which  are  full  of  air,  exhibit  such  feeble  powers  of 
conduction. 

The  circulation  of  heated  water  through  pipes  is  now  extensively  applied 
to  the  warming  of  buildings  and  conservatories ;  and  in  chemical  works  a 
serpentine  metal  tube  containing  hot  oil  is  often  used  for  heating  stills  and 
evaporating  pans ;  the  two  extremities  of  the  tube  are  connected  with  the 
ends  of  another  spiral  built  into  a  small  furnace  at  a  lower  level,  and  an  un- 
intermitting  circulation  of  the  liquid  takes  place  as  long  as  heat  is  applied. 

Bpeoifio  Heat. 

Equal  weights  of  different  substances  having  the  same  temperature  re- 
quire different  amounts  of  heat  to  raise  them  to  a  given  degree  of  tempera- 
ture.    If  1  lb.  of  water,  at  100°,  be  mixed  with  1  lb.  at  40O,  then,  as  is 

well  known,  a  mean  temperature  of It —  ss  70^  is  obtained.     In  the 

same  way  the  mean  temperature  is  found  when  warm  and  cold  oil,  or  warm 
and  cold  mercury,  etc.,  are  mixed  together.  But  if  1  lb.  of  water  at  lOOO 
be  shaken  with  1  lb.  of  olive-oil  at  40^,  or  with  1  lb.  of  mercury  at  40°, 
then,  instead  of  the  mean  temperature  of  70^,  the  temperature  actually 
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obt&ined  will  be  SOP  in  the  first  case,  980  in  the  second ;  20  degrees  of 
heat,  which  the  water  (by  cooling  from  10(P  to  8(P)  gave  to  the  same 
weight  of  oil,  were  sufficient  to  raise  the  oil  4(P,  that  is,  from  4(P  to  80^ ; 
and  2^,  which  the  water  lost  by  cooling  from  lOOO  to  980,  sufficed  to  heat 
an  equal  quantity  of  mercury  580,  namely  from  40^  to  980. 

It  is  evident  from  these  experiments  that  the  quantities  of  heat  which 
equal  weights  of  water,  olive-oil,  and  mercury,  require  to  raise  their  tem- 
perature to  the  same  height,  are  unequal,  and  that  they  are  in  the  pro- 
portion of  the  numbers  1  :  }}  :  3^*  or  1  :  }  :  ^. 

These  quantities  of  heat,  expressed  relatively  to  the  quantity  of  heat 
required  to  raise  the  temperature  of  an  equal  weight  of  water  from  (P  to 
l^C,  are  called  the  specific  heats  of  the  various  substances;  thus 
the  experiments  just  described  show  that  the  specific  heat  of  olive-oil  is  ^, 
thai  is  to  say,  the  quantity  of  heat  which  would  raise  the  temperature  of 
any  given  quantity  of  olive-oil  from  CP  to  1^  would  raise  that  of  an  equal 
weight  of  water  only  from  (P  to  Jo,  or  of  half  that  quantity  of  water  from 
00  to  10. 

The  specific  heats  of  bodies  are  sometimes  said  to  measure  their  relative 
capacities  for  heat. 

There  are  three  distinct  methods  by  which  the  specific  heats  of  various 
substances  may  be  estimated.  The  first  of  these  is  by  observing  the  quan- 
tity of  ice  melted  by  a  given  weight  of  the  substance  heated  to  a  particular 
temperature ;  the  second  is  by  noting  the  time  which  the  heated  body 
requires  to  cool  down  through  a  certain  number  of  degrees  ;  and  the  third 
is  the  method  of  mixture,  on  the  principle  illustrated  ;  this  latter  method 
is  preferred  as  the  most  accurate. 

The  determination  of  the  specific  heat  of  different  substances  has  occu- 
pied the  attention  of  many  experimenters  ;  among  these  Dulong  and  Petit, 
and  recently  Regnault  and  Kopp,  deserve  especial  mention. 

Prom  the  observations  of  these  and  other  physicists,  it  follows  that  each 
body  has  its  peculiar  specific  heat,  and  that  the  specific  heat  increases 
with  increase  of  temperature.  If,  for  example,  the  heat  which  the  unit 
of  water  loses  by  cooling  from  KP  to  (P  be  marked  at  1(P,  then  the  loss 
by  cooling  from  5(P  to  (P  will  be,  not  50,  corresponding  to  the  difference 
of  temperature,  but  50.1.  By  cooling  from  lOOO  to  OO  it  is  100.5,  and  rises 
to  203.2  when  the  water  is  heated  under  great  pressure  to  200^,  and  after- 
wards cooled  to  0^.  Similar  and  even  more  striking  differences  have  been 
found  with  other  substances.  It  has  also  been  proved  that  the  specific 
heat  of  any  substance  is  greater  in  the  liquid  than  in  the  solid  state.  For 
example,  the  specific  heat  of  ice  is  0.504,  that  is,  not  more  than  half  as 
great  as  that  of  liquid  water. 

It  is  remarkable  that  the  specific  heat  of  water  is  greater  than  that  of 
all  other  solid  and  liquid  substances,  and  is  exceeded  only  by  that  of 
hydrogen.  The  specific  heat  of  the  solid  parts  of  the  crust  of  the  globe 
is  on  an  average  J,  and  that  of  the  atmosphere  nearly  ^  that  of  water. 

If  the  specific  heat  of  any  body  within  certain  degrees  of  temperature 
be  accurately  known,  then  from  the  quantity  of  heat  which  this  body  gives 
out  when  quickly  dipped  into  cold  water,  the  temperature  to  which  the 
body  was  heated  may  be  determined.  Pouillet  has  founded  on  this  fact  a 
method  of  measuring  high  temperatures,  and  for  this  purpose,  with  the 
help  of  the  air- thermometer,  he  has  determined  the  specific  heat  of  pla- 
tinum up  to  1600O  C. 

The  determination  of  the  specific  heat  of  gases  is  attended  with  peculiar 
difflcnlties,  on  account  of  the  comparatively  large  volume  of  small  weights 
ot  gases.  For  many  gases,  however,  satisfactory  results  have  been  obtained 
by  the  method  of  mixing. 

When  a  gas  expands,  heat  becomes  latent,  that  is  to  say,  insensible  to 
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the  thermometer ;  in  fact,  the  molecular  motion  which  constitutes  heat 
is  converted  into  another  kind  of  motion,  which  overcomes  the  pressure  to 
which  the  gas  is  subjected,  and  allows  it  to  expand  (see  page  78).  The 
amount  of  heat  required,  therefore,  to  raise  a  gas  to  any  given  tempera- 
ture increases  the  more  the  gas  in  question  is  allowed  to  expand.  The 
quantity  of  heat  which  the  unit-weight  of  a  gas  requires  in  order  to  raise 
its  temperature  1^  without  its  volume  undergoing  any  change  (which  can 
take  place  only  by  the  pressure  being  simultaneously  augmented)  is  called 
the  specific  heat  of*  the  gas  at  constant  volume.  The  quantity  of  heat  re- 
quired by  the  unit-weight  of  a  gas  to  raise  its  temperature  1^,  it  being  at 
the  same  time  allowed  to  dilate  to  such  an  extent  that  the  pressure  to 
which  it  is  exposed  remains  unchanged,  is  called  the  specific  heat  of  the 
gas  at  constant  pressure.  According  to  what  has  already  been  stated,  the 
specific  heat  at  constant  pressure  must  be  greater  than  that  at  constant 
volume.  Dulong  found,  in  the  case  of  atmospheric  air,  of  oxygen,  of  hy- 
drogen, and  of  nitrogen,  that  the  two  specific  heats  are  in  the  proportion 
1.421  :  1.  For  carbon  monoxide,  however,  he  obtained  the  proportion  of 
1.423,  for  carbon  dioxide  1.337,  for  nitrogen  dioxide  1.343,  and  for  defiant 
gas  1.24  to  1.  The  exact  determination  of  these  ratios  is  extremely  diffi- 
cult, and  the  results  of  different  physicists  by  no  means  agree. 

The  first  satisfactory  comparison  of  the  specific  heat  of  air  with  that  of 
water  was  made  by  Count  Rum  ford  ;  later  comparisons  of  the  specific  heat 
of  various  gases  have  been  made  by  Delaroche  and  Bdrard,  Dulong  and 
Regnault. 

The  first  researches  of  Delaroche  and  B^rard  furnished  the  results 
embodied  in  the  following  table  : — 


The  volumes 
constant. 

The  pressure 
constant. 

Equal  welfchts. 
Air-1.  Water*!. 

Atmospheric  air 

1 

1 

0.2669 

Oxygen    .         .         .         . 

1 

0.9045 

0.2414 

Hydrogen 

1 

14.4510 

3.8569 

Nitrogen  . 

1 

1.0295 

0.2748 

Carbon  monoxide 

1 

1.0337 

0.2759 

Nitrogen  monoxide  . 

1.2?,7 

1.160 

0.7607 

0.2030 

Carbon  dioxide 

1.249 

1.175 

0.7685 

0.2051 

defiant  gas 

1.764 

1.531 

1.5829 

0.4225 

The  latest  and  most  trustworthy  determinations  are  those  of  Regnault, 
given  in  the  subjoined  table,  in  the  second  column  of  which  the  specific 
heats  of  the  several  gases  and  vapors  are  compared  with  that  of  an  c^ual 
weight  of  water  taken  as  unity,  and  in  the  third,  with  that  of  an  equal 
volume  of  air  referred  to  its  own  weight  of  water  as  unity.  The  latter 
series  of  numbers  is  obtained  by  multiplying  the  numbers  in  the  second 
column  by  the  specific  gravities  of  the  respective  gases  and  vajwrs  referred 
to  air  as  unity  : — 


Specific  heat 
at  constant  pressure. 


Qases. 

Atmospheric  air 

Oxygen 

Nitrogen 

Hydrogen 

Chlorine 

Bromine  vapor 


Specific 
gravity. 
Alr«l. 

1 

1.1056 

0.9713 

0.0692 

2.4502 

5.4772 


For  equal    For  equal 
weights,      volumes. 


Water  =  1. 

0.2377 
0.2175 
0.2438 
3.4090 
0.1210 
0.0555 


0.2377 
0.2405 
0.2368 
0.2359 
0.2965 
0.3040 
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Carbon  monoxide  . 
Carbon  dioxide 
Kitrogen  monoxide 
Kitrogen  dioxide   . 
defiant  gas  . 
Marsh  gas 
Aqueous  vapor 
Sulphuretted  hydrogen 
Sulphur  dioxide    . 
Vapor  of  carbon  bisulphide 
Hydrochloric  acid 
Ammonia       •         •         • 


Specific 

gravity, 

Alr  =  l. 


Specijle  heat 
€U  conttarit  presture. 

I ^ 

For  equal    For  equal 
weights.       yolumes. 
Water  — 1. 


0.9670 
1.5210 
1.5241 
1.0384 
0.9672 
0.5527 
0.6220 
1.1746 
2.2112 
2.6258 
1.2596 
0.5894 


0.2450 
0.2169 
0.2262 
0.2317 
0.4040 
0.5929 
0.4805 
0.2432 
0.1544 
0.1569 
0.1852 
0.5084 


0.2370 
0.3307 
0.3447 
0.2406 
0.4106 
0.3277 
0.2989 
0.2857 
0.3414 
0.4122 
0.2333 
0.2996 


The  researches  of  Delaroche  and  B^ard  led  them  to  suppose  that  the 
specific  heat  of  gases  increased  rapidly  as  the  temperature  was  raised,  and 
that  for  a  given  volume  of  gas  it  increased  in  proportion  to  the  density  or 
tension  of  the  gas.  Regnault  found,  however,  the  quantity  of  heat  which 
a  given  volume  of  gas  requires  to  raise  it  to  a  certain  temperature,  to  be 
independent  of  its  density ;  and  that  for  each  degree  between  — S(P  C. 
and  2250  C.  it  is  constant.  Carbon  dioxide,  however,  forms  an  exception 
to  this  rule,  its  specific  heat  increasing  with  the  temperature.  In  the 
table  mean  values  for  temperatures  between  10^  C.  and  200^  C.  have  been 
given. 

Several  physicists  have  held  that  the  specific  heats  of  elementary  gases, 
referred  to  equal  volumes,  are  identical.  The  numbers  which  Regnault 
found  for  chlorine  and  bromine,  however,  show  that  the  law  does  not  hold 
good  for  all  elementary  gases. 

It  has  been  already  stated  that,  when  a  gas  expands,  heat  becomes 
latent.  If  a  gas  on  expanding  be  not  supplied  with  the  requisite  heat,  its 
temperature  falls  on  account  of  its  own  free  heat  becoming  latent,  that  is 
to  say,  expended  in  overcoming  pressure.  On  the  other  hand,  if  a  gas  be 
compressed,  this  latent  heat  becomes  free,  and  causes  an  elevation  of  tem- 
perature, which,  under  favorable  circumstances,  may  be  raised  to  ignition ; 
syringes  by  which  tinder  is  kindled  are  constructed  on  this  principle. 

Change  of  State. 

1.  Fusion  and  Solidification. 

Solid  bodies  when  heated  are  expanded  ;  many  are  liquefied,  t. «.,  they 
melt  or  fuse.  The  melting  of  solids  is  frequently  preceded  by  a  gradual 
softening,  more  especially  when  the  temperature  approaches  the  point  of 
fusion.  This  phenomenon  is  observed  in  the  case  of  wax  or  iron.  In  the 
case  of  other  solids— of  zinc  and  lead,  for  instance — and  several  other 
metals,  this  softening  is  not  observed.  Generally,  bodies  expand  during 
the  process  of  fusion  ;  an  exception  to  this  rule  is  water,  which  expands 
during  freezing  (10  vol.  of  water  produce  nearly  11  vol.  of  ice),  while  ice 
when  melting  produces  a  proportionately  smaller  volume  of  water.  The 
expansion  of  bodies  during  fusion,  and  at  temperatures  preceding  fusion, 
or  the  contraction  during  solidification  and  further  refrigeration,  is  very 
unequal.  Wax  expands  considerably  before  fusing,  and  comparatively 
little  during  fusing  itself.  Wax,  when  poured  into  moulds,  fills  them 
perfectly  daring   solidification,   but    afterwards    contracts  considerably. 

5* 
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Stearic  acid,  on  the  contrary,  expands  very  little  before  fusion,  bnt  rather 
considerably  during  fusion,  and  consequently  pure  stearic  acid  when 
poured  into  moulds  solidifies  to  a  rough  porous  mass  contracting  little  by 
further  cooling.  The  addition  of  a  little  wax  to  stearic  acid  prevents  the 
powerful  contraction  in  the  moment  of  solidification,  and  renders  it  more 
fit  for  being  moulded. 

Latent  Heat  of  Fusion. — During  fusion  bodies  absorb  a  certain  quantity 
of  heat,  which  is  not  indicated  by  the  thermometer ;  at  a  given  tempera- 
ture— ^the  melting  point,  for  instance— a  certain  weight  of  substance  con- 
tains when  solid  less  heat  than  when  liquid. 

If  equal  weights  of  water  at  OO  C.  (32©  F.)  and  water  at  790  C.  (174.20 
F.)  be  mixed,  the  temperature  of  the  mixture  will  be  the  mean  of  the  two 
temperatures,  or  39. 50.  If  the  same  experiment  be  repeated  with  snow  or 
finely-powdered  ice  at  (P,  and  water  at  790,  the  temperature  of  the  whole 
will  be  only  OO,  InU  the  ice  will  hace  been  melted. 


1  lb.  of  water  at  (P 
1  lb.  of  water  at  790 
1  lb.  of  ice  at  (P 
1  lb.  of  water  at  790 


I     s=  2  lb.  water  at  39.60. 
I     ==  2  lb.  water  at  (P. 


In  the  last  experiment,  therefore,  as  much  heat  has  been  apparently  lost 
as  would  have  raised  a  quantity  of  water  equal  to  that  of  the  ice  through 
a  range  of  790  (142.2©  F.). 

The  heat,  thus  become  insensible  to  the  thermometer  in  efi'ecting  the 
liquefaction  of  the  ice,  is  called  latent  heat,  or  better,  heat  of  fluidity. 

Again,  let  a  perfectly  uniform  source  of  heat  be  imagined,  of  such  in- 
tensity that  a  lb.  of  water  placed  over  it  would  have  its  temperature 
raised  5©  per  minute.  Starting  with  water  at  (P,  in  rather  less  than  16 
minutes  its  temperature  would  have  risen  79© ;  but  the  same  quantity  of 
ice  at  (P,  exposed  for  the  same  interval  of  time,  would  not  have  its  tem- 
perature raised  a  single  degree.  But,  then,  it  would  have  become  water  ; 
the  heat  received  would  have  been  exclusively  employed  in  efi'ecting  the 
change  of  state. 

This  heat  is  not  lost,  for  when  the  water  freezes  it  is  again  evolved.  If 
a  tall  jar  of  water,  covered  to  exclude  dust,  be  placed  in  a  situation  where 
it  shall  be  quite  undisturbed,  and  at  the  same  time  exposed  to  great  cold, 
the  temperature  of  the  water  may  be  reduced  ICP  C.  (IbO  F.)  or  more  be- 
low its  freezing  point  without  the  formation  of  ice  ;*  but  then,  if  a  little 
agitation  be  communicated  to  the  jar,  or  a  grain  of  sand  dropped  into  the 
water,  a  portion  instantly  solidifies,  and  the  temperature  of  the  whole 
rises  to  (P ;  the  heat  disengaged  by  tlie  freezing  of  a  small  portion  of  the 
water  is  sufficient  to  raise  the  whole  contents  of  the  jar  50  C.  (90  F.). 

This  curious  condition  of  instable  equilibrium  shown  by  the  very  cold 
water  in  the  preceding  experiment,  may  be  reproduced  with  a  variety  of 
solutions  which  tend  to  crystallize  or  solidify,  but  in  which  that  change  is 
for  a  while  suspended.  Thus,  a  solution  of  crystallized  sodium  sulphate 
in  its  own  weight  of  warm  water,  left  to  cool  in  an  open  vessel,  deposits  a 
large  quantity  of  the  salt  in  crystals.     If  the  warm  solution,  however,  be 

•  Fiiaed  bodies,  when  cooled  down  to  or  below  their  fusing  point,  frenuently  re- 
main liquid,  more  especlaliy  when  not  in  contRRt  with  solid  bodies.  Thus,  water 
in  a  mixtureof  oiloi  nlmonds  and  chloroform, of  8]>ecific  gravity  equal  to  its  own, 
remains  liquid  to  — 10°;  in  a  similar  manner  fused  sulphur  or  phosphorus,  floating 
in  a  solution  of  zinc  chloride  of  appropriate  concentration,  retains  the  liquid  con- 
dition at  temperatures  40°  below  its  fusing;  point.  Liq'  id  bodies,  thus  cooled  be- 
low their  fusinfc  point,  frequently  solidify  when  touched  with  a  solid  substance. 
Invariahly  when  nronifht  in  contact  with  a  fragment  of  the  same  body  in  the  solid 
#t«*te.  A  body  thtis  retained  in  the  liquid  stste  below  its  ordinary  solidifying  point, 
[n  said  to  be  iif  a  state  of  fur/tuion  or  $uperfu9ion, 
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filtered  into  a  clean  fiask,  which  when  full  is  securely  corked  and  set  aside 
to  cool  undisturbed,  no  crystals  will  be  deposited,  even  alter  many  days, 
nntil  the  cork  is  withdrawn  and  the  contents  of  the  flask  are  violently 
shaken.  Crystallisation  then  rapidly  takes  place  in  a  very  beautiful  man- 
ner, and  the  whole  becomes  perceptibly  warm.  The  law  atx)ve  illustrated 
in  the  case  of  water  is  perfectly  general.  Whenever  a  solid  becomes  a 
liquid,  a  certain  fixed  and  definite  amount  of  heat  disappears,  or  becomes 
latent';  and  conversely,  whenever  a  liquid  becomes  solid,  heat  to  a  cor- 
responding extent  is  given  out.  ^ 

The  following  table  exhibits  the  melting  points  of  several  substances, 
and  their  latent  heats  of  fusion  expressed  in  gram-degrees — that  is  to  say, 
the  numbers  in  the  column  headed  '*  latent  heat"  denote  the  number  of 
grams  of  water,  the  temperature  of  which  would  be  raised  lO  centigrade 
by  the  quantity  of  heat  required  to  fuse  one  gram  of  the  several  solids : — 


Subfltance. 


Mercury .     . 
Phosphorus 
Lead  .     .     . 
Sulphur . 
Iodine     . 
Bismuth 
Cadmium 


KeltiDg 

Latent 

Point. 

Heat. 

—390 

2.82 

+44 

5.0 

332 

5.4 

115 

9.4 

107 

11.7 

270 

12.6 

320 

13.6 

Substance. 


Tin 

Silver 

Zinc 

Calcium  chloride  ) 
(CaCl,  6H,0),      f 
Potassium  nitrate    . 
Sodium  nitrate   .     . 


Latent 
Ueat. 


14.25 

21.1 

28.1 

40.7 

47.4 

G3.0 


Freezing  Mixtures. — When  a  solid  substance  can  be  made  to  liquefy  by  a 
weak  chemical  attraction,  cold  results,  from  sensible  heat  becoming  latent. 
This  is  the  principle  of  frigorific  mixtures.  When  snow  or  powdered  ice 
is  mixed  with  common  salt,  and  a  thermometer  plunged  into  the  mass,  the 
mercury  sinks  to  — 17.7^  C.  (OO  F.),  while  the  whole  after  a  short  time 
beoomes  fluid  by  the  attraction  between  the  water  and  the  salt;  such  a 
mixture  is  very  often  used  in  chemical  experiments  to  cool  receivers  and 
condense  the  vapors  of  volatile  liquids.  Powdered  crystallized  calcium 
chloride  and  snow  produce  cold  enough  to  freeze  mercury.  Even  powdered 
potASsinm  nitrate,  or  sal-ammoniac,  or  ammonium  nitrate,  dissolved  in 
water,  occasions  a  very  notable  depression  of  temperature ;  in  every  case, 
in  short,  in  which  solution  is  unaccompanied  by  energetic  chemical  action, 
cold  is  produced. 

No  relation  can  be  traced  between  the  actual  melting  point  of  a  substance 
and  its  latent  heat  when  in  the  fused  state. 

2.    Vaporization  and  Condensation, 

A  law  of  exactly  the  same  kind  as  that  above  described  affects  universally 
the  gaseous  condition  ;  change  of  state  from  solid  or  liquid  to  gas  is  accom- 
panied by  absorption  of  sensible  heat,  and  the  reverse  by  its  disengage- 
ment. The  latent  heat  of  steam  and  other  vapors  may  be  ascertained  by  a 
mode  of  investigation  similar  to  that  employed  in  the  case  of  water. 

When  water  at  OO  C.  is  mixed  with  an  equal  weight  of  water  at  lOOO  C, 
the  whole  is  found  to  possess  the  mean  of  the  two  temperatures,  or  50O ; 
on  the  other  hand,  1  part  by  weiglit  of  steam  at  lOOO  C.,  when  condenstnl 
in  cold  water,  is  found  to  be  capable  of  raising  5.4  parts  of  the  latter  from 
the  freezing  to  the  boiling  point,  or  througli  a  range  of  lOOO  C.  Now  100 
X  5.4  =  .5400 ;  that  is  to  say,  steam  at  100°  C.  in  becoming  water  at  lOCO  C., 
parts  with  enough  heat  to  raise  a  weight  of  water  equal  to  its  own  (if  it 
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were  possible)  540O  of  the  thermometer,  or  540  times  its  own  weight  of 
water  one  degree.  When  water  passes  into  steam  the  same  quantity  of 
sensible  heat  becomes  latent. 

The  vapors  of  other  liquids  seem  to  have  less  latent  heat  than  that  of 
water.  The  following  table  is  by  Dr.  Andrews,  of  Belfast,  and  serves  well 
to  illustrate  this  point.  The  latent  heats  are  expressed,  as  in  the  last 
table,  in  gram-degrees  : — 


Liatent  Heat. 

Vapor  of  water         .    • 635.9(P 

"       alcohol 

.     202.40 

**       ether 

.       90.45 

**       oxalic  ether 

.      72.72 

"       acetic  ether 

.      92.68 

"       ethylic  iodide    . 

.      46.87 

"       wood  spirit 

.    263.70 

"       carbon  bisulphide 

.      86.67 

"       tin  tetrachloride 

.      30.35 

**       bromine     . 

.      45.66 

''       oil  of  turpentine 

.       74.03 

Boiling  or  Ebullition  is  occasioned  by  the  formation  of  bubbles  of 
vapor  within  the  body  of  the  evaporating  liquid,  which  rise  to  the  surface 
like  bubbles  of  permanent  gas.  This  occurs  in  different  liquids  at  very 
different  temperatures.  Under  the  same  circumstances,  the  boiling  point 
is  quite  constant,  and  often  becomes  a  physical  character  of  great  import- 
ance in  distinguishing  liquids  which  much  resemble  each  other.  A  few 
cases  may  be  cited  in  illustration  : — 


Substance. 

Boiling  Point. 

Aldehyde  . 

.      20.80  C. 

(  69.40  P 

Ether 

•                •                •            «/4.«7 

(  94.8 

Carbon  bisulphide 

.      46.1 

(116.4 

Alcohol 

.      78.4 

(173.1 

Water 

.     100 

(212 

Nitric  acid,  strong 

.     120 

(248 

Oil  of  turpentine 

.     157 

(314.6 

Sulphuric  acid   . 

.    326.6 

(439.2 

Mercury     . 

.    350 

(662 

Fig.  26. 


For  ebullition  to  take  place.  It  is  necessary  that  the  elasticity  of  the 
vapor  should  be  able  to  overcome  the  cohesion  of  the  liquid  and  the  pres- 
sure upon  its  surface ;  hence  the  extent  to  which  the  boiling  point  may  be 
modified. 

Water,  under  the  usual  pressure  of  the  atmosphere,  boils  at  lOOO  (21 20 
P.)  ;  in  a  partially  exhausted  receiver,  or  on  a  mountain-top,  it  boils  at  a 

much  lower  temperature ;  and  in  the  best  vacuum  of  an 
air-pump,  over  oil  of  vitriol,  which  absorbs  the  vapor,  it 
will  often  enter  into  violent  ebullition  while  ice  is  in  Uie  act 
of  forming  upon  the  surface. 

On  the  other  hand,  water  confined  in  a  very  strong  me- 
tallic vessel  may  be  restrained  from  boiling  by  the  pressure 
of  its  own  vapor  to  an  almost  unlimited  extent ;  a  temx>e- 
rature  of  1770  or  204©  is  very  easily  obtained,  and,  in  fact, 
it  is  said  that  water  may  be  made  red-hot,  and  yet  retain 
its  liquidity. 

There  is  a  very  simple  and  beautiful  experiment  illus- 
trative of  the  effect  of  diminished  pressure  in  lowering  the 
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boiling  point  of  a  liquid.  A  little  water  is  made  to  boil  for  a  few  minutes 
in  a  flask  or  retort  placed  over  a  lamp,  until  the  air  has  been  chased  out, 
and  the  steam  issues  freelj  from  the  neck.  A  tightly-iitting  cork  is  then 
inserted,  and  tlie  lamp  at  the  same  moment  withdrawn.  When  the  boiling 
ceases,  it  may  be  renewed  at  pleasure  for  a  considerable  time  by  pouring 
cold  water  on  the  flask,  so  as  to  condense  the  vapor  within,  and  occasion  a 
partial  vacuum. 

The  nature  of  the  vessel,  or,  rather,  the  state  of  its  surface,  exercises  an 
influence  upon  the  boiling  point,  and  this  to  a  much  greater  extent  than 
was  formerly  supposed.  It  has  long  been  noticed  that  in  a  metallic  vessel 
water  boils,  under  the  same  circumstances  of  pressure,  at  a  temperature 
one  or  two  degrees  below  that  at  which  ebullition  takes  place  in  glass ; 
but  by  particular  management  a  much  greater  diff'erence  can  be  observed. 
If  two  similar  glass  flasks  be  taken,  the  one  coated  in  the  inside  with  a 
film  of  shellac,  and  the  other  completely  cleansed  by  hot  sulphuric  acid, 
water  heated  over  a  lamp  in  the  first  will  boil  at  99. 4^,  ^while  in  the  second 
it  will  often  rise  to  105O  or  even  higher  ;  a  momentary  burst  of  vapor  then 
ensues,  and  the  thermometer  sinks  a  few  degrees,  after  which  it  rises 
again.  In  this  state,  the  introduction  of  a  few  metallic  filings,  or  angular 
fragments  of  any  kind,  occasions  a  lively  disengagement  of  vapor,  while 
the  temperature  sinks  to  lOCP,  and  there  remains  stationary.  These 
remarkable  efifects  must  be  attributed  to  an  attraction  between  the  surface 
of  the  vessel  and  the  liquid. 

When  out  of  contact  with  solid  bodies,  liquids  not  only  solidify  with 
reluctance,  but  also  assume  the  gaseous  condition  with  greater  difficulty. 
Drops  of  water  or  of  aqueous  saline  solutions  floating  on  the  contact-sur- 
face of  two  liquids,  of  which  one  is  heavier  and  the  other  lighter,  may  be 
heated  from  10  to  20  d^rees  above  the  ordinary  boiling  point ;  explosive 
ebullition,  however,  is  instantaneously  induced  by  contact  with  a  solid 
substance. 

A  cubic  inch  of  water  in  becoming  steam  under  the  ordinary  pressure 
of  the  atmosphere  expands  into  1696  cubic  inches,  or  nearly  a  cubic  foot. 

Steam,  not  in  contact  with  tDoter^  is  affected  by  heat  in  the  same  manner  as 
the  permanent  gases  ;  its  rate  of  expansion  and  increase  of  elastic  force  are 
practically  the  same.  When  water  is  present,  the  rise  of  temperature 
increases  the  quantity  and  density  of  the  steam,  and  hence  the  elastic 
force  increases  in  a  far  more  rapid  proportion. 

This  elastic  force  of  steam  in  contact  with  water,  at  diff'erent  tempera- 
tures, has  been  very  carefully  determined  by  Arago  and  Dulong,  and 
lately  by  Magnus  and  Regnault.  The  force  is  expressed  in  atmospheres  ; 
the  absolute  pressure  upon  any  given  surface  can  be  easily  calculated, 
allowing  14.6  lb.  per  square  inch  to  each  atmosphere.  The  experiments 
were  carried  to  twenty-five  atmospheres — at  which  point  the  difficulties 
and  danger  became  so  great  as  to  put  a  stop  to  the  inquiry ;  the  rest  of 
the  table  is  the  result  of  calculations  founded  on  the  data  so  obtained  : — 


Pressure  of  Steum 

Corresponding 

Pressure  of  Steam 

t        Corresponding 

In  AtmoBpheres. 

Temperature. 

in  Atmospheres. 

Temperature. 

1 

lOOOC. 

2120  F. 

6.5 

157^  C. 

314.60  F 

1.5 

112 

233.6 

6 

160 

320 

2 

122 

251.6 

6.5 

163 

325.4 

2.5 

129 

264.2 

7 

167 

332.4 

3 

135 

275 

7.5 

169 

336.2 

3.5 

140.5 

284 

8 

172 

341.6 

4 

145.5 

293.9 

9 

177 

350.6 

4.5 

149 

300.2 

10 

182 

359.6 

5 

153 

307.4 

11 

186 

365.6 
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Pressure  of  Steam        Corresponding      ] 

Pressure  of  Steam       Corresponding 

in  Atmospheres 

Temperature. 

in 

Atmospheres. 

Temperature. 

12 

190OC. 

3740  F. 

22 

2190  C. 

426.2P 

13 

194 

381.2 

23 

222 

431.6 

14 

197 

386.6 

24 

224 

435.2 

15 

200.5 

392.9 

25 

226 

438.8 

16 

203 

397.4 

30 

236 

456.5 

17 

207 

404.6 

35 

245 

473 

18 

209 

408.2 

40 

253 

487.4 

19 

212 

413.6 

45 

255 

491 

20 

214 

417.2 

50 

266 

510.8 

21 

217 

422.6 

F. 


It  is  very  interesting  to  know  the  amonnt  of  heat  requisite  to  convert 
water  of  any  given  temperature  into  steam  of  the  same  or  another  given 
temperature.  The  most  exact  experiments  on  this  subject  have  been 
made  by  Regnault.  He  arrived  at  this  result,  that  when  the  unit-weight 
of  steam  at  the  temperature  t^  is  converted  into  water  of  the  same  tempe- 
rature, and  then  cooled  to  QO^  it  gives  out  the  quantity  of  heat  T,  which 
is  represented  by  the  formula .: — 

r=  606.5 +  0.305*. 

This  formula  appears  to  hold  good  for  temperatures  both  above  and 
below  the  ordinary  boiling  point  of  water.  The  following  table  gives  the 
values  of  T,  corresponding  to  the  respective  temperatures  in  the  first 
column:— 


t 

OO 

50 

100 

150 

200 


T 

606.50 

621.7 
637.0 
652.2 
667.5 


T  is  called  the  total  heat  of  steam,  being  the  heat  required  to  raise 
water  from  OO  to  *,  together  with  that  which  becomes  latent  by  the  trans- 
formation of  water  at  <o  into  steam  at  tQ,  Regnault  states,  as  a  result  of 
some  very  delicate  experiments,  that  the  heat  necessary  to  raise  a  unit- 
weight  of  water  from  (P  to  ^  is  not  exactly  denoted  by  t;  the  discrepancy, 
however,  is  so  small  that  it  may  be  disregarded.  Employing  the  approxi- 
mate value,  the  latent  heat  of  steam,  L^  at  any  temperature  will  be  found 
by  subtracting  t  from  the  total  heat ;  or,  according  to  the  formula : — 

L  =  606.5  —  0.695  t. 

This  equation  shows  us  the  remarkable  fact  that  the  latent  heat  of 
steam  diminishes  as  the  temperature  rises.  Before  Regnault's  experiments 
were  made,  two  laws  of  great  simplicity  were  generally  admitted,  one  of 
which,  however,  contradicted  the  other.  Watt  concluded,  from  experi- 
ments of  his  own,  as  well  as  fi-om  theoretical  speculations,  that  the  total 
heat  of  steam  would  be  the  same  at  all  temi)erature8.  Were  this  true, 
equal  weights  of  steam  passed  into  cold  water  would  always  exhibit  the 
same  heating  power,  no  matter  what  the  temperatute  of  the  steam  might 
be.  Exactly  the  same  ahscluie  amount  of  heat,  and  consequently  the  same 
quantity  of  fuel,  would  be  required  to  evaporate  a  given  weight  of  water 
in  vacuo  at  a  temperature  which  the  hand  can  bear,  or  under  great  pressure 
and  at  a  high  temperature.  Watt's  law,  though  agreeing  well  with  the 
rough  practical  results  obtained  by  engineers,  is  only  approximately  true ; 
and  the  same  may  be  said  of  the  deductions  which  have  just  been  made 
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from  it.  The  seoond  law,  in  opposition  to  Watt's,  is  that  of  Southern, 
stAting  the  latent  lieat  of  steam  to  be  the  same  at  all  temperatures.  Reg- 
naolt's  researches  have  shown  that  neither  Watt's  law  ( T  constant)  nor 
Southern's  law  (/^  constant)  is  correct. 

Distillation, — ^The  process  of  distillation  is  very  simple :  its  object  is  either 
to  separate  substances  which  rise  in  vapor  at  different  temperatures,  or  to 
part  a  volatile  liquid  from  a  substance  incapable  of  volatilization.  The 
same  process  applied  to  bodies  which  pass  directly  from  the  solid  to  the 

Fig.  26. 


gaseous  condition,  and  the  reverse,  is  called  sublimation.  Every  distillatory 
apparatus  consists  essentially  of  a  boiler,  in  which  the  vapor  is  raised,  and 
of  a  condenser,  in  which  it  returns  to  the  liquid  or  solid  condition.  In  the 
still  employed  for  manufacturing  purposes,  the  latter  is  usually  a  spiral 

Fig.  27. 


metal  tube  immersed  in  a  tub  of  water.  The  common  retort  and  receiver 
constitute  the  simplest  arrangement  for  distillation  on  the  small  scale ; 
the  retort  is  heated  by  a  gas  lamp,  and  the  receiver  is  kept  cool,  if  neces- 
sary, by  a  wet  cloth,  or  it  may  be  surrounded  with  ice  (fig.  26). 
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Liebig^s  oondenser  (fig.  27)  is  a  very  valuable  instrument  in  the  labora- 
tory ;  it  comiista  of  a  glass  tube  tapering  from  end  to  end,  fixed  by  per- 
forated corks  in  the  centre  of  a  metal  pipe,  provided  with  tubes  so  arranged 
that  a  current  of  cold  water  may  circulate  through  the  apparatus.  By 
putting  ice  into  the  little  cistern,  the  water  may  be  kept  at  QP,  and  ex- 
tremely volatile  liquids  condensed. 

Tension  of  Vapors. — ^Liquids  evaporate  at  temperatures  below  their  boil- 
ing points ;  in  this  case  the  evaporation  takes  place  slowly  from  the  sur- 
face. Water,  or  alcohol,  exposed  in  an  open  vessel  at  the  temperature  of 
the  air,  gradually  disappears ;  the  more  rapidly,  the  warmer  and  drier  the 
air. 

This  fact  was  formerly  explained  by  supposing  that  air  and  gases  in 
general  had  the  power  of  dissolving  and  holding  in  solution  certain  quanti- 
ties of  liquids,  and  that  this  power  increased  with  the  temperature ;  such 
an  idea  is  incorrect. 

If  a  barometer-tube  be  carefully  filled  with  mercury  and  inverted  in  the 
usual  manner,  and  then  a  few  drops  of  water  passed  up  the  tube  into  the 
vacuum  above,  a  very  remarkable  eflTect  will  be  observed — the  mercury 
will  be  depressed  to  a  small  extent,  and  this  depression  will  increase  with 
increase  of  temperature.  Now,  as  the  space  above  the  mercury  is  void 
of  air,  and  the  weight  of  the  few  drops  of  water  quite  inadequate  to  account 
for  this  depression,  it  must  of  necessity  be  imputed  to  the  vapor  which  in- 
stantaneously rises  from  the  water  into  the  vacuum ;  and  that  this  effect  is 
really  due  to  the  elasticity  of  the  aqueous  vapor,  is  easily  proved  by  ex- 
posing the  barometer  to  a  heat  of  KKP,  when  the  depression  of 
Fig.  28.  the  mercury  will  be  complete,  and  it  will  stand  at  the  same 
level  within  and  without  the  tube ;  indicating  that  at  that  tem- 
perature the  elasticity  of  the  vapor  is  equal  to  that  of  the  atmo- 
sphere— a  fact  which  the  phenomenon  of  ebullition  has  already 
shown. 

By  placing  over  the  barometer  a  wide  open  tube  dipping  into 
the  mercury  below  (fig.  28),  and  then  filling  this  tube  with 
water  at  different  temperatures,  the  tension  of  the  aqueous  va- 
por for  each  degree  of  the  thermometer  may  be  accurately  de- 
termined by  its  depressing  effect  upon  the  mercurial  column ; 
the  same  power  which  forces  the  latter  doivn  one  inch  against 
the  pressure  of  the  atmosphere,  would  of  course  elevate  a  column 
of  mercury  to  the  same  height  against  a  vacuum,  and  in  this 
way  the  tension  may  be  conveniently  expressed.  The  following 
table  was  drawn  up  by  Dalton,  to  whom  we  owe  the  method  of 
investigation  :— 


Temperature. 


41 1»^ 
I  I 


O. 

OO 
4.4 
10 
15.5 
21.1 
26.6 
32.2 
37.7 
43.3 
48.9 


F. 

320 

40 

50 

60 

70 

80 

90 
100 
110 
120 


TenMon  in 
inches  of 
mercury . 

0.200 
0.263 
0.375 
0.524 
0.721 
1.000 
1.360 
1.860 
2.530 
3.330 


Temperature. 
C.  " 


54.40 
60 
65.5 
71.1 
76.6 
82.2 
87.7 
93.3 
100 


F. 
130O 
140 
150 
160 
170 
180 
190 
200 
212 


Tension  in 
inches  of 
mercury. 

4.34 

5.74 

7.42 

9.46 
12,13 
15.15 
19.00 
23.64 
30.00 


Another  table  representing  the  tension  of  the  vapor  of  water, 
drawn  up  by  Regnault,  is  given  in  the  Appendix  to  this  work. 
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Other  liqnidB  tried  in  this  manner  are  found  to  emit  ^'ifr  29. 

rapors  of  greater  or  less  tension,  for  the  same  tempera- 
ture, according  to  their  different  degrees  of  volatility; 
thus  a  little  ether  introduced  into  the  tube  depresses  the 
mercorj  10  inches  or  more  at  the  ordinary  temperature 
of  the  air ;  oil  of  vitriol,  on  the  other  hand,  does  not  emit 
any  sensible  quantity  of  vapor  until  a  much  greater  heat 
is  applied ;  and  that  given  off  by  mercury  itself  in  warm 
Bummer  weather,  although  it  may  be  detected  by  very 
delicate  means,  is  far  too  little  to  exercise  any  effect  upon 
the  barometer.  In  the  case  of  water,  the  evaporation  is 
quite  distinct  and  perceptible  at  the  lowest  temperatures 
when  frozen  to  solid  ioe  in  the  barometer  tube ;  snow  on 
the  ground,  or  on  a  housetop,  may  often  be  noticed  to 
vanish,  from  the  same  cause,  day  by  day  in  the  depth  of 
winter,  when  melting  is  impossible. 

There  exists  for  each  vapor  a  state  of  density  which  it 
cannot  pass  without  losing  its  gaseous  condition,  and  be- 
coming liquid ;  this  is  called  the  condition  of  maximum 
danty.  When  a  volatile  liquid  is  introduced  in  suffi- 
cient quantity  into  a  vacuum,  this  condition  is  always 
reached,  and  then  evai>oration  ceases.  Any  attempt  to 
increase  the  density  of  this  vapor  by  compressing  it  into  a 
smaller  space  will  be  attended  by  the  liquefaction  of  a  por- 
tion, the  density  of  the  remainder  being  unchanged.  If  a 
little  ether  be  introduced  into  a  barometer,  and  the  latter 
slowly  sunk  into  a  very  deep  cistern  of  mercury  (fig.  29), 
it  will  be  found  that  the  height  of  the  column  of  mercury 
in  the  tube  above  that  in  the  cistern  remains  unaltered 
until  the  upper  extremity  of  the  barometer  approaches 
the  surface  of  the  metal  in  the  column,  and  all  the  ether 
has  become  liquid.  It  will  be  observed  also,  that,  as  the 
tnbe  sinks,  the  stratum  of  liquid  ether  Increases  in  thick- 
ness, but  no  increase  of  elastic  force  occurs  in  the  vapor 
above  it,  and  consequently,  no  increase  of  density ;  for 
tension  and  density  are  always,  under  ordinary  circum- 
stances at  least,  directly  proportionate  to  each  other. 

The  maximum  density  of  vapors  is  dependent  upon  the 
temperature;    it  increases  rapidly  as  the  temperature 
rises.    This  is  well  shown  in  the  case  of  water.    Thus,  taking  the  spec, 
grav.  of  atmospheric  air  at  lOQO  &s  1000,  that  of  aqueous  vapor  in  its 
greatest  state  of  compression  fdr  the  temperature  will  be  as  follows  : — 


Temperature. 

Speciflo  Gravity. 

Weight  of  100  Cubic 

C. 

P. 

Inches. 

OO 

320 

5.690 

0.136  grains. 

10 

50 

10.293 

0.247      " 

15.5 

60 

14.108 

0.338      " 

37.7 

100 

46.500 

1.113      " 

65.5 

150 

170.293 

4.076      ** 

100 

212 

625.000 

14.962      " 

The  last  number  was  experimentally  found  by  Gay-Lussao ;  the  others 
are  calculated  from  that  by  the  aid  of  Dalton's  table  of  tensions,  on  the 
assumption  that  steam,  not  in  a  state  of  saturation,  that  is  below  the  point 
of  greatest  density,  obeys  Boyle's  law  (which  is,  however,  only  approxi- 
mately true),  and  that  when  it  is  cooled  it  contracts  like  the  permanent 
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Thus,  there  are  two  distinct  methods  by  which  a  vapor  may  he  reduced 
to  the  liquid  form — pressure^  by  causing  increase  of  density  until  the  point 
of  maximum  density  for  a  given  temperature  is  reached ;  and  coldf  by  which 
the  point  of  maximum  density  is  itself  lowered.  The  most  powerful  effects 
are  produced  when  both  are  conjoined. 

For  example,  if  100  cubic  inches  of  vajwr  of  water  at  37. 7©  C.  (lOOO  F.), 
in  the  state  above  described,  had  its  temperature  reduced  to  lOO  C.  (50OF.), 
not  less  than  0.89^  grain  of  liquid  water  would  necessarily  separate,  or  very 
nearly  eight-tenths  of  the  whole. 

Evaporation  into  a  space  filled  with  air  or  gas  follows  the  same  law  as 
evaporation  into  a  vacuum ;  as  much  vapor  rises,  and  the  condition  of 
maximum  density  is  assumed  in  the  same  manner,  as  if  the  space  were 
perfectly  empty ;  the  sole  difference  lies  in  the  length  of  time  required. 
When  a  liquid  evaporates  into  a  vacuum,  the  point  of  greatest  density  is 
attained  at  once,  while  in  the  other  case  some  time  elapses  before  this  hap- 
pens ;  the  particles  of  air  appear  to  oppose  a  sort  of  mechanical  resistance 
to  the  rise  of  the  vapor.  The  ultimate  effect  is,  however,  precisely  the 
same. 

When  to  a  quantity  of  perfectly  dry  gas  confined  in  a  vessel  closed  by 
mercury,  a  little  water  is  added,  the  latter  immediately  begins  to  evaporate, 
and  after  some  time  as  much  vapor  will  be  found  to  have  risen  from  it  as 
if  no  gas  had  been  present,  the  quantity  depending  entirely  on  the  tempera- 
ture to  which  the  whole  is  subjected.  The  tension  of  this  vapor  will  add 
itself  to  that  of  the  gas,  and  produce  an  expansion  of  volume,  which  will 
be  indicated  by  an  alteration  of  level  in  the  mercury. 

Vapor  of  water  exists  in  the  atmosphere  at  all  times,  and  in  all  situations, 
and  there  plays  a  most  important  part  in  the  economy  of  nature.  The 
proportion  of  aqueous  vapor  present  in  the  air  is  subject  to  great  variation, 
and  it  often  becomes  important  to  determine  its  quantity.  This  is  easily 
done  by  the  aid  of  the  foregoing  principles. 

Deia-point. — If  the  aqueous  vapor  be  in  its  condition  of  greatest  possible 
density  for  the  temperature,  or,  as  it  is  frequently  but  most  incorrectly 
expressed,  the  air  be  saturated  with  vapor  of  water,  the  slightest  reduction 
of  temperature  will  cause  the  deposition  of  a  portion  in  the  liquid  form. 
If,  on  the  contrary,  as  is  almost  always  in  reality  the  case,  the  vapor  of 
water  be  below  its  state  of  maximum  density,  that  is,  in  an  expanded  con* 
dition,  it  is  clear  that  a  considerable  fall  of  temperature  may  occur  before 
liquefaction  commences.  The  degree  at  which  this  takes  place  is  called 
the  dew-point,  and  it  is  detennined  with  great  facility  by  a  very  simple 
method.  A  little  cup  of  thin  tin-plate  or  silver,  well  polished,  is  filled  with 
water  of  the  temperature  of  the  air,  and  a  delicate  thermometer  is  inserted. 
The  water  is  then  cooled  by  dropping  in  fragments  of  ice,  or  dissolving  in 
it  powdered  sal-ammoniac,  until  moisture  begins  to  make  its  appearance 
on  the  outside,  dimming  the  bright  metallic  surface.  The  temperature  of 
the  dew-point  is  then  read  off  upon  the  thermometer,  and  compared  with 
that  of  the  air. 

Suppose,  byway  of  example,  that  the  latter  were  21. 1°  C.  (70©  F.),  and 
the  dew-point  10©  C.  (50O  F.),  the  elasticity  of  the  watery  vapor  present 
would  correspond  to  a  maximum  density  proper  to  lOO  C.  (50O  F.),  and 
would  support  a  column  of  mercury  0.375  inch  high.  If  the  barometer 
on  the  spot  stood  at  30  inches,  therefore,  29.625  inches  would  be  supported 
by  the  pressure  of  the  dry  air,  and  the  remaining  0.375  inch  by  the  vapor. 
Now,  a  cubic  foot  of  such  a  mixture  must  be  looked  upon  as  made  up  of  a 
cubic  foot  of  dry  air,  and  a  cubic  foot  of  watery  vapor,  occupying  the  same 

•  100  cub.  Inch.  Aqueous  vapor  at  100'^  F..  welehlnjf  1 113  grain,  would  at  ftO°  F. 
become  reduced  to  91  07  cub.  inch.,  weighing  0.226  grain. 
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Epace,  and  having  tensions  indicated  by  the  numbers  just  mentioned.  A 
cubic  fool,  or  1728  cubic  inches,  of  vapor  at  70O  F.  would  become  reduced 
by  contraction,  according  to  the  usual  law,  to  1662.8  cubic  inches  at  50O  F.; 
this  Tapor  would  be  at  its  maximum  density,  having  the  specific  gravity 
pointed  out  in  the  table ;  hence,  1662.8  cubic  inches  would  weigh  4.11 
grains.  The  weight  of  the  aqueous  vapor  contained  in  a  cubic  foot  of  air 
will  thus  be  ascertained.  In  this  country  the  difference  between  the  tem- 
perature of  the  air  and  the  dew-point  seldom  reaches  16.60  C.  (30O  F.); 
but  in  the  Deccan,  with  a  temperature  of  32.20  C.  (90O  F.),  the  dew- 
point  sinks  as  low  as  — 1.7^  C.  (290  F.),  making  the  degrees  of  dryness 
33.90  c.  (610  p.).» 

Liquefaction  of  Cfases, — ^The  perfect  resemblance  in  every  resi)ect  which 
vapors  bear  to  permanent  gases,  led,  very  naturally,  to  the  idea  that  the 
latter  might,  by  the  application  of  suitable  means,  be  made  to  assume  the 
liquid  state,  and  this  surmise  has  been  verified  to  a  great  extent  by  the 
experiments  of  Faraday.  Out  of  the  small  number  of  such  substances 
tried,  no  fewer  than  eight  gave  way ;  and  it  is  quite  fair  to  infer  that,  had 
Ineans  of  sufficient  power  been  at  hand,  the  rest  would  have  shared  the 
same  fate,  and  proved  to  be  nothing  more  than  the  vapors  of  volatile 
liquids  in  a  state  very  far  removed  from  that  of  their  maximum  density. 
The  subjoined  table  represents  the  results  of  Faraday's  first  investigations, 
with  the  pressure  in  atmospheres,  and  the  temperatures  at  which  the  con- 
densation takes  place. 


Atmospheres. 

Aciuuvri 

o. 

F. 

Sulphur  dioxide 

.       2 

7.20 

450 

Hydrogen  sulphide 

.     17 

10 

50 

Carbon  dioxide 

.     36 

0 

32 

Chlorine          .        .         .         . 

4 

15.5 

60 

Nitrogen  monoxide  . 

.     50 

7.2 

45 

Cyanogen        .        .         .         . 

.      3.6 

'  7.2 

45 

Ammonia         .         .         .         . 

.      6.5 

10 

50 

Hydrochloric  acid    . 

.    40 

10 

50 

The  method  of  proceeding  was  very  simple :  the  materials  were  sealed 
up  in  a  strong  narrow  tube,  together  with  a  little  pressure-gauge,  consist- 
ing of  a  slender  tube  closed  at  one 

end,  and  having  within   it,   near  Fig.  SO. 

the  open  extremity,  a  globule  of 
mercury.  The  gas  being  disen- 
gaged by  heat,  accumulated  in  the 
tube,  and  by  its  own  pressure 
brought  about  condensation.  The 
force  required  for  this  purpose  was 
judged  of  by  the  diminution  of  volume  of  the  air  in  the  gauge. 

By  the  use  of  narrow  green  glass  tubes  of  great  strength,  powerful  con- 
densing syringes,  and  an  extremely  low  temperature,  produced  by  means 
to  be  presently  described,  defiant  gas,  hydriodio  and  hydrobromic  acids, 
phosphoretted  hydrogen,  and  the  gaseous  fluorides  of  silicon  and  boron 
were  successively  liquefied.  Oxygen,  hydrogen,  nitrogen,  nitrogen  dioxide, 
carbon  monoxide,  and  marsh  gas,  refused  to  liquefy  even  at  —  llOO  C. 
( —  1 660  F.) ,  while  subjected  to  pressures  varying  from  27  to  58  atmospheres. 

Sir  Isambard  Brunei,  and,  more  recently,  M.  Tliilorier,  of  Paris,  suc- 
ceeded in  obtaining  liquid  carbon  dioxide  (commonly  called  carbonic  acid) 
in  great  abundance.    Thilorier^s  apparatus  (fig.  31)  consists  of  a  pair  of 

•  Daniel],  Introduction  to  GhemicAl  Philosophy,  p.  154. 
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extremely  strong  metallic  veasela,  one  o(  which  is  destined  to  serve  the 
purpose  of  a  retort,  aud  the  otlier  tliat  of  a  receiver.  They  aru  uuuio 
uithtr  of  thick  cast-iron  or  gnn-metal,  or,  still  better,  of  the  beat  and 
heaviest  boiler-plate,  and  are  furnished  with  stop-ooeks  of  a  peculiar  kind, 
the  vorlcinansliip  of  wiiich  must  be  excellent.  The  generating  vesael  or 
retort  has  a  pair  of  trunnions  upon  which  it  swings  in  an  iron  frame. 
The  joints  are  secured  by  collars  of  lead,  and  every  precaution  is  taken  to 
prevent  lealtage  under  the  enormous  pressure  the  vessel  has  to  bear.  The 
receiver  resemhleB  the  retort  in  every  respect ;  it  has  a  similar  stop-oo«k, 
and  is  connected  with  the  retort  by  a  strong  copper  tube  and  a  pair  of 
union  Borew.jointa  ;  a  tube  passes  from  the  stop-cock  downwards,  and  t«r- 
minateH  near  the  bottom  of  the  vessel. 

FlB-31. 


The  operation  is  thus  conducted :  2f  lb.  of  acid  sodium  carbonate,  and 
6i  lb.  of  water  at  38°  C.  (100,4  F.),  are  introduced  into  tiie  generator ;  oil 
of  vitriol  to  the  amount  of  1^  lb.  is  poured  into  a  copper  cylindrical  vessel, 
which  is  lowered  down  into  the  mixture,  and  set  upright ;  the  stop-cock  is 
then  screwed  into  Its  place,  and  forced  home  by  a  spanner  and  mallet. 
The  machine  is  next  tilted  np  on  its  trunnions,  tliat  the  add  may  run  out 
of  the  cylinder  and  mix  with  the  other  contents  of  the  generator ;  and  this 
mixture  is  favored  by  swinging  the  whole  backwards  and  forwards  for  a 
few  minutes,  after  which  it  may  be  snOTcred  to  remain  a  little  time  at  rest. 

The  receiver,  surrounded  with  ice,  is  nest  connected  with  the  generator, 
and  bolh  oocks  are  opened  ;  the  tiqnefled  carbon  dioxide  distils  over  into 
the  colder  vessel,  and  there  apain  in  part  condenses.  The  tocks  are  now 
closed,  the  vessel  is  disconnected,  the  cock  of  the  generator  opened  to  allow 
the  contained  gas  to  escape ;  and,  lastly,  when  the  issue  of  gas  hat  quilt 
ceased,  the  stopcock  itflclf  is  unscrewed,  and  the  sodium  sulphate  turned 
out.     This  operation  must  be  repeated  five  or  six  times  before  any  con- 
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Biderable  quantity  of  liquefied  carbon  dioxide  will  have  accumulated  in 
the  receiver.  When  the  receiver  thus  charged  has  its  stopcock  opened,  a 
stream  of  the  liquid  is  forcibly  driven  up  the  tube  by  the  elasticity  of  the 
gaa  contained  in  the  upper  part  of  the  vessel. 

The  exx>erinienter  incurs' great  personal  danger  in  using  this  apparatus, 
unless  the  utmost  care  be  taken  in  its  management.  A  dreadful  accident 
occurred  in  Paris  by  the  bursting  of  one  of  the  iron  vessels. 

Liquid  carbon  dioxide  is  also  very  frequently  prepared  by  means  of  an 
apparatus  constructed  by  Natterer,  of  Vienna,  which  enables  the  experi- 
mentalist to  work  with  less  risk.  The  gas,  disengaged  by  means  of  sul- 
phuric acid  from  acid  potassium  carbonate,  is  pumped  by  means  of  a  force- 
pump  into  a  wrought-iron  vessel,  exactly  as  the  air  is  pumped  into  the 
receiver  of  an  air-gun.  When  a  certain  pressure  has  been  reached,  the  gas 
is  liquefied,  and  if  the  pressure  be  continued  considerable  quantities  of  the 
liquid  carbon  dioxide  may  be  thus  obtained.  By  this  apparatus,  nitrous 
oxide  has  been  oondensed  to  a  liquid  without  the  use  of  frigorific  mixtures. 

Complete  Vaporization  of  Liquids  under  Great  Pressures. — When  the  tem- 
I>erature  of  a  liquid  is  raised  sufficiently  high,  vaporization  occurs  under 
the  highest  pressure  to  which  the  substance  can  be  subjected.  Alcohol, 
ether,  or  rock  oil,  inclosed  in  a  tube  of  strong  glass  or  iron,  is  completely 
converted  into  vapor,  only  when  the  space  not  occupied  by  the  liquid  is 
somewhat  greater  than  the  volume  of  the  liquid  itself.  With  rock  oil  the 
empty  space  may  be  somewhat  smaller  than  with  alcohol,  and  with  ether 
still  less.  Alcohol  when  thus  heated  acquires  increased  mobility,  expands 
to  twice  its  original  volume,  and  is  then  suddenly  converted  into  vapor. 
This  change  takes  place  at  207^  C.  (404.60  F.),  when  the  alcohol  occupies 
just  half  the  volume  of  the  tube  ;  if  the  tube  is  more  than  half  filled  with 
alcohol,  it  bursts  when  heated.  A  glass  tube  one-third  filled  with  water 
becomes  opaque  when  heated,  and  bursts  after  a  few  seconds.  If  this 
chemical  action  of  the  water  on  the  glass  be  diminished  by  the  addition  of 
a  little  carbonate  of  soda,  the  transparency  of  the  glass  will  be  much  less 
impaired  ;  and  if  the  space  occupied  by  the  water  be  ^  of  the  whole  tube, 
the  liquid  will  be  converted  into  vapor  at  about  the  temperature  of  melt- 
ing zinc.     These  observations  were  made  by  Cagniard  de  Latour  in  1822. 

In  like  manner  Dr.  Andrews  has  observed  that,  when  liquid  carbon 
dioxide  is  gradually  heated  in  a  sealed  tube  to  31^,  the  surface  of  demar- 
cation between  the  liquid  and  gas  becomes  fainter,  loses  its  curvature,  and 
at  last  disappears.  The  space  is  then  occupied  by  a  homogeneous  fiuid, 
which  exhibits,  when  the  pressure  is  suddenly  diminished,  or  the  tem- 
perature slightly  lowered,  a  peculiar  appearance  of  moving  or  fiickering 
stria  throughout  its  entire  mass.  At  temperatures  above  310  no  apparent 
liquefaction  of  carbon  dioxide  or  separation  into  two  distinct  forms  of 
matter  can  be  effected,  even  under  a  pressure  of  300  or  400  atmospheres. 
Similar  results  are  obtained  with  nitrous  oxide. 

It  appears  indeed  that  there  exists  for  every  liquid  a  temperature,  called 
by  Andrews  the  "critical  point,"  above  which  no  amount  of  pressure  is 
sufficient  to  retain  it  in  the  liquid  form ;  it  is  therefore  not  surprising  that 
mere  pressure,  however  intense,  should  fail  to  liquefy  many  bodies  which 
usually  exist  in  the  form  of  gas. 

Under  the  enormous  pressures  to  which  gases  can  be  thus  subjected, 
without  liquefaction,  they  are  found  to  deviate  greatly  from  the  laws  of 
Boyle  and  Gay-Lussac  (pp.  45,  48).  Andrews  has  recently  found  that 
carbon  dioxide,  at  60.7^  under  a  pressure  of  223  atmospheres,  is  reduced 
to  jlj  of  its  original  volume,  or  to  less  than  one-half  the  volume  it  should 
occupy  if  it  contracted  according  to  Boyle's  law.  The  co-efficient  of  expan- 
sion of  the  flame  gaa  by  heat  increases  rapidly  with  the  pressure  ;  between 
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eO  and  64°  it  is  1^  times  as  great  Dnder  22  atmoBphercs,  and  more  than  2^ 
timea  bb  great  at  40  atmoapherea,  ax  at  tho  presBuro  ol'  1  atmosphere." 

Cold  produced  fty  £vaporation. — Tills  effect  has  been  already  adverted  to : 
It  ariaes  from  the  Bouvemiuu  of  ai-naiblH  lieat  into  latent  by  llie  rising  vapor, 
and  may  be  illuutrated  iu  a  variety  of  ways.  Kllier  dropped  on  thv  hand 
produces  the  sensation  uf  great  cold  ;  and  water  oontaiued  iu  a  thin  gloss 
tube,  surronnded  by  a  bit  of  rag,  is  speiidily  &aleli  when  the  rag  in  kept 
n-etted  with  ether. 

Ice-making  machines  and  refrigerators  are  conatructed  on  this  principle- 
Harrison's  apparatus  for  freeiing  water  consista  of  a  mDltitubular  boiler 
containing  about  II)  gallona  of  ether  and  immersed  in  a  troagh  of  salt  water. 
The  boiler  is  oonnected  with  an  exhausting  pump,  by  the  working  of  whieh 
the  ether  is  rapidly  volatilized,  thereby  cooling  the  boiler  and  the  salt 
water  surrounding  it  to  about  — 1.4Q0  C.  (24°  F.).  This  cold  water  in  made 
to  How  through  a  channel  iu  which  are  plaued  a  number  of  vesaels  contain- 
ing the  water  to  be  frozen,  and  when  itn  temperature  has  been  thus  raised 
to  aliout  20°  F.,  it  is  pumped  back  again  into  the  trough  containing  the 
boiler,  and  then  again  cooled  by  the  evaporation  of  the  ether.  In  this  man- 
ner a  constant  supply  of  cold  Halt  water  is  kept  up.  The  ether  which  is 
evaporated  is  condensed  in  a  worm  sur- 
P1-  ^  rounded  bycold  water,  and  returned  with 

very  little  loss  to  the  boiler.t 

A  simpler  freezing  apparatus  is  that  of 
CarrA,  in  which  cold  is  produced  by  the 
rapid  evaporation  nf  liquefied  ammonia 
gas.  It  oonsiBta  essentially  of  a  cylin- 
drical boiler  a,  fig.  32,  holding  about 
two  gallons,  filled  to  about  three-fourths 
of  its  capacity  with  a  strong  aqueous  so- 
lution of  amnionia.  and  connected  by 
pipes  with  a  wroughl-iron  annular  con- 
denser  or  freezer  c.  Tlie  boiler  is  first 
placed  in  a  furnace,  and  tlie  freezer  in 
water  cooled  to  V2P  C.  (SS.tiO  F.).  The 
boiler  is  heated  to  13CP  C.  (2titiO  F.), 
whereupon  ammonia  gas  is  given  off, 
and  condenses  iu  the  freezer,  together 
w'^'T^i  with  obout  one-tenth  of  its  own  weight 
—^ —  of  woter.     This   operation  being   com- 

pleted, tho  boiler  is  removed  from  the 
fire  and  immersed  in  oold  water;  the  freezer,  wrapped  in  very  dry  flannel, 
is  placed  outside,  and  the  vessel  oontaining  the  water  to  be  frozen  is  placed 
in  tlie  cylindrical  space  li.  As  the  Imiler  cools,  the  ammonia  gas  with  which 
it  is  filled  is  redissolved,  and  the  pressure  being  thus  diminished,  the  am- 
monia which  has  been  liquefied  in  c  is  again  volatilized,  and  passes  over 
towards  a,  to  redissolve  in  the  water  which  has  remained  in  the  boiler. 
This  rapid  evaporation  of  the  ammonia  causes  a  great  absorption  of  heat, 
whereby  the  veasel  c  is  rednced  to  a  very  low  temperature,  and  the  water 
contained  in  it  frozen.  To  obtain  better  contact  between  the  sides  of  the 
ressel  b  and  tlie  freezer,  alcohol  is  ponred  between  them.  This  apparatus 
j^vcs  about  4  lb.  of  ic:  in  an  hour  at  a  price  of  about  a  farthing  a  pound ; 
bat  large  continuously  working  apparatus  have  been  constructed  which 
produce  as  much  as  SIW  lb.  of  ice  an  hour.t 
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Water  may  also  b©  frozen  by  the  cold  resulting  fronl  its  own  evaporation. 

i  When  a  little  water  is  put  into  a  watch-glass,  supported  by  a  triangle  of 

wire  over  a  shallow  glass  dish  of  sulphuric  acid  placed  on  the  plate  of  a 
good  air-pamp,  the  whole  covered  with  a  low  receiver,  and  the  air  with- 

I  drawn  as  perfectly  as  possible,  the  water  is  in  a  few  minutes  converted  into 

a  solid  mass  of  ice.    The  absence  of  the  air,  and 

I  the  rapid  al>sorption  of  watery  vapor  by  the  Tig.  38. 

'  oil  of  vitriol,  induce  such  quick  evaporation 

that  the  water  has  its  temperature  almost  im- 
mediately reduced  to  the  freezing  point. 

■  The  same  apparatus  is  constantly  used  in 

the  laboratory  for  drying  substances  which 
cannot  bear  heating  without  decomposition. 
Frequently  also  the  air-pump  is  dispensed 
with,  and  the  substance  to  be  dried  is  simply 

placed  over  a  vessel  containing  strong  sulphuric  acid,  quicklime,  or  some 
other  substance  which  absorbs  moisture  very  rapidly,  and  covered  over 
with  a  bell  jar.  Such  an  apparatus,  with  or  without  the  air-pump,  is 
called  an  Exsiccator, 

All  means  of  producing  artificial  cold  yield,  however,  in  intensity  to  that 
derived  from  the  evaporation  of  the  liquefied  carbon  dioxide  just  mentioned. 
When  a  jet  of  that  liquid  is  allowed  to  issue  into  the  air  from  a  narrow 
aperture,  so  intense  a  degree  of  cold  is  produced  by  the  vaporization  of  a 
part,  that  the  remainder  freezes  to  a  solid,  and  falls  in  a  shower  of  snow. 
By  suffering  this  jet  of  liquid  to  flow  into  the  metal  box  shown  in  fig.  31,  a 
large  quantity  of  the  solid  oxide  may  be  obtained ;  it  closely  resembles  snow 
in  appearance,  and  when  held  in  the  hand  occasions  a  painful  sensation  of 
cold,  while  it  gradually  disappears.  When  it  is  mixed  with  a  little  ether, 
and  poured  upon  a  mass  of  mercury,  the  latter  is  almost  instantly  frozen, 
and  in  this  way  pounds  of  the  solidified  metal  may  be  obtained.  The  ad- 
dition of  the  ether  facilitates  the  contact  of  the  carbon  dioxide  with  the 
mercury. 

The  temperature  of  a  mixture  of  solid  carbon  dioxide  and  ether  in  the 
air,  measured  by  a  spirit-thermometer,  was  found  to  be  — 76.7  C.  ( — lOGO 
F.)  ;  when  the  same  mixture  was  placed  beneath  the  receiver  of  an  air- 
pump,  and  exhaustion  rapidly  made,  the  temperature  sank  to  — IKP  C. 
( — 1660  F.).  This  was  the  method  of  obtaining  extreme  cold  employed  by 
Faraday  in  his  last  experiments  on  the  liquefaction  of  gases.  Under  such 
circumstances,  the  liquefied  hydriodic  and  hydrobromic  acids,  sulphur 
dioxide,  carbon  dioxide,  nitrogen  monoxide,  hydrogen  sulphide,  cyanogen, 
and  ammonia,  froze  to  colorless  transparent  soluUf  and  alcohol  became 
thick  and  oily. 

Determination  of  the  Specific  Gravity  of  Gases  and  Vapors. 

To  determine  the  specific  gravity  of  a  gas,  a  large  glass  globe  is  filled 
with  the  gas  to  be  examined,  in  a  perfectly  pure  and  dry  state,  having  a 
known  temperature,  and  an  elastic  force  equal  to  that  of  the  atmosphere 
at  the  time  of  the  experiment.  The  globe  so  filled  is  weighed.  It  is  then 
exhausted  at  the  air-pump  so  far  as  possible,  and  again  weighed.  Lastly, 
it  is  filled  with  dry  air,  the  temperature  and  pn^ssure  of  which  are  known, 
and  its  weight  once  more  determined.  On  the  supposition  that  the  tem- 
perature and  elasticity  are  the  same  in  both  cases,  the  specific  gravity  is 
at  once  obtained  by  dividing  the  weight  of  the  gas  bv  that  of  the  air. 

The  globe  or  flask  must  be  made  very  thin,  and  fitted  with  a  brass  cap, 
surmounted  by  a  small  but  excellent  stopcock.     A  delicate  thermometer 
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shoald  be  placed  in  the  inside  of  the  globe,  secured  to  the  cap.  Tlie  gas 
must  be  generated  at  the  moment,  and  conducted  at  once  into  the  pre- 
viously exhausted  vessel,  through  a  long  tube  filled  with  fragments  of 
pumice  moistened  with  oil  of  vitriol,  or  some  other  extremely  hygroscopic 
substance,  by  which  it  is  fi'eed  from  all  moisture.  As  the  gas  is  neces- 
sarily generated  under  some  pressure,  the  elasticity  of  that  contained  in 
the  filled  globe  will  slightly  exceed  the  pressure  of  the  atmosphere  ;  and 
this  is  an  advantage,  since,  by  opening  the  stopcock  for  a  single  instant, 
when  the  globe  has  attained  an  equilibrium  of  temperature,  the  tension 
becomes  exactly  that  of  the  air,  so  that  all  barometrical  correction  is 
avoided,  unless  the  pressure  of  the  atmosphere  should  sensibly  vary  dur- 
ing the  time  occupied  by  tlie  experiment.  It  is  hardly  necessary  to  ob- 
serve that  the  greatest  care  must  also  be  taken  to  purify  and  dry  the  air 
used  as  the  standard  of  comparison,  and  to  bring  both  gas  and  air  as  nearly 
as  possible  to  the  same  temperature,  so  as  to  obviate  the  necessity  of  a 
correction,  or  at  least  to  reduce  almost  to  nothing  the  errors  involved  by 
such  a  process. 


Fig.  84. 


Vapors. — 1.  Dumas' s  Method.  This  method  consists  in  determining  the 
weight  of  a  given  volume  of  the  vapor  at  a  known  pressure  and  tempera- 
ture. A  large  glass  globe  about  three  inches  in  diameter 
is  taken,  and  its  neck  softened  and  drawn  out  in  the 
blowpipe  fiame,  as  represented  in  fig.  34 ;  this  is  accu- 
rately weighed.  About  100  grains  of  the  volatile  liquid 
are  then  introduced,  by  gently  warming  the  globe  and 
dipping  the  point  into  the  liquid,  which  is  then  forcM 
upwards  by  the  pressure  of  the  air  as  the  vessel  cools. 
The  globe  is  next  firmly  attached  by  wire  to  a  handle,  in 
such  a  manner  that  it  may  be  plunged  into  a  bath  of 
boiling  water  or  heated  oil,  and  steadily  held  with  the 
point  projecting  upwards.  The  bath  must  have  a  tem- 
perature considerably  above  that  of  the  boiling  point  of 
the  liquid.  The  latter  becomes  rapidly  converted  into 
vapor,  which  escapes  by  the  narrow  orifice,  chasing  before 
it  the  air  of  the  globe.  When  the  issue  of  vapor  has 
wholly  ceased,  and  the  temperature  of  the  bath  appears 
nearly  uniform,  the  open  extremity  of  the  point  is  her- 
metically sealed  by  a  small  blowpipe  fiame.  The  globe 
is  removed  from  the  bath,  sufifered  to  cool,  cleansed  if  necessary,  and 
weighed,  after  which  the  neck  is  broken  oflT  beneath  the  surface  of  water 
which  has  been  boiled  and  cooled  out  of  contact  of  air,  or  (better)  under 
mercury.  The  liquid  enters  the  globe,  and,  if  the  expulsion  of  the  air  by 
the  vapor  has  beeen  complete,  fills  it ;  if  otherwise,  an  air-bubble  is  left, 
whose  volume  can  be  easily  ascertained  by  pouring  the  liquid  from  the 
globe  into  a  graduated  jar,  and  then  refilling  the  globe,  and  repeating  the 
same  observation.  The  capacity  of  the  vessel  is  thus  at  the  same  time 
known  ;  and  these  are  all  the  data  required.*  An  example  will  render 
the  whole  intelligible. 

♦  Messrs.  PIayf«lr  Rnd  Wnnklvn  hare  described  an  important  modiflcation  of 
this  process,  whereby  the  densities  of  a  vapor  at  temperatures  below  the  boiling 
point  of  the  liquid  may  be  determined.  This  object  Is  attained  by  mlxinfc  the 
vf»por  of  the  body  with  a  me«iRured  volume  of  a  permanent  gaa — hydrogen,  for  in- 
Btance.— Jaum.  of  the  Chem.  Soc,  vol.  xv.  p.  143. 
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Determination  of  the  Vapor-density  of  Acetone. 

Capacity  of  globe 31.61  cubic  inches. 

Weight  of  globe  filled  with  dry  air  at 

520  F.  aud  30.24  inches  barometer      .         .     2070.88  grains. 
Weight  of  globe  filled  with  vapor  at 

2120  F.,   temp,  of  the  bath  at  the 

moment  of  sealing  the  point,  and 

30.24  inches  barometer        ....     2076.81  grains. 
Besidaal  air,   at  450  F.   and  30.24 

inches  barometer 0.60  cubic  inches. 

31.61  cubic  inches  of  air  at  520  and  30.24  in.  bar.  ss  32.36  cub.  inches  at 
60O  p.  and  30  inch,  bar.,  weighing        ....     10.036  grains. 
Hence,  weight  of  empty  globe,  2070.88  — 10.035  a=  2060.845  grains. 

0.6  cubic  inch  of  air  at  450  =  0.8  cub.  inch  at  2120  ;  weight  of  do.  by  cal- 
culation =  0.191  grain. 

31.61—0.8  =  30.81  cubic  inches  of  vapor  at  212©  and  30.24  in.  bar., 
which,  on  the  supposition  that  it  would  bear  cooling  to  60O  uithout  liquefaction^ 
would,  at  that  temperature,  and  under  a  pressure  of  30  inch,  bar.,  be- 
come reduced  to  24.18  cubic  inches. 

Hence — 

Weight  of  globe  and  vapor 2076.810  grains. 

**  residual  air 0.191       ** 

2076.619       " 
Weight  of  globe 2060.845       ** 


(I 
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Weight  of  the  24.18  cubic  inches  of  vapor  .         .         15.774 

Consequently,  100  cubic  inches   of  such  vapor  must 

weigh 65.23 

100  cubic  inches  of  air,  under  similar  circumstances, 

weigh 31.01       ** 

65.23 

^---^2.103,  the  specific  gravity  of  the  vapor  in  question,  that  of  aii 

being  unity. 
Or,  the  weight  of  100  cubic  inches  of  hydrogen  being  2.147  grains, 

-j-1—  =:  30.38  is  the  specific  gravity  of  acetone  vapor  referred  to  hydrogen 
2.14 

as  unity. 

The  vapor-density  (D)  may  also  be  readily  calculated  by  means  of  the 

formula : — 

P  +  Vn, 

(V-r)  n\ 

P  =s  difference  of  weight  (in  grams)  between  the  globe  filled  with  air 
and  when  filled  with  vapor. 

V  sss  capacity  of  globe  in  cubic  centimetres. 

Hj  =  weight  of  one  cubic  centimetre  of  air  at  the  temperature  at  which 
the  globe  filled  with  air  was  weighed. 

n\  =  weight  of  one  cubic  centimetre  of  air  at  the  temperature  of  sealing 
the  globe. 

The  values  of  n^  and  n\  (in  grams)  for  each  degree  centigrade  from  0  to 
300O  are  given  in  the  Appendix,  Table  VII. 
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In  very  exact  experiments,  aoconnt  mnst  be  taken  of  the  change  of 
capacity  of  the  glass  globe  by  the  high  temperature  of  the  bath.  When 
this  correction  is  neglected,  the  density  of  the  vapor  wiU  come  out  a  little 
too  high.  The  error  of  the  mercurial  thermometer  «at  high  temperatures 
is,  however,  in  the  opposite  direction. 

The  preceding  method  is  applicable  to  the  determination  of  the  vapor- 
densities  of  all  substances  whose  boiling  points  are  within  the  range  of  the 
mercurial  thermometer,  that  is  to  say,  not  exceeding  30(P  C,  and  there- 
fore to  nearly  all  volatile  organic  compounds ;  indeed,  there  are  but  few 
such  compounds  which  can  bear  higher  temperatures  without  decomposi- 
tion. But  for  mineral  substances,  such  as  sulphur,  iodine,  volatile  metallic 
chlorides,  etc.,  it  is  often  necessary  to  employ  much  higher  temperatures  ; 
and  for  such  cases  a  modification  of  the  process  has  been  devised  by  Deville 
and  Troost.  It  consists  in  using  a  globe  of  porcelain  instead  of  glass,  heat- 
ing it  in  the  vapor  of  a  substance  whose  boiling  point  is  known  and  con- 
stant, and  sealing  the  globe  by  the  flame  of  the  oxy-hydrogen  blowpipe. 
The  vapors  employed  for  this  purpose  are  those  of  mercury,  which  boils  at 
350O  C. ;  of  sulphur,  which  boils  at  440O ;  of  cadmium,  boiling  at  860O ; 
and  of  zinc,'  boiling  at  1040O.  The  use  of  these  liquids  of  constant  boiling 
point  obviates  the  necessity  of  determining  the  temperature  in  each  ex- 
periment, which  at  such  degrees  of  heat  would  be  very  difficult. 

2.  Gay-LuBsac's  Method, — ^This  method  consists  in  ascertaining  the  volume 
occupied  by  a  given  weight  of  a  substance  when  converted  into  vapor  at  a 
known  temperature  and  pressure.  For  this  purpose  a  small  bulb  of  very 
thin  glass  with  a  capillary  neck  is  weighed,  filled  with  the  liquid,  sealed, 
and  again  weighed,  the  difference  of  the  two  weighings  of  course  giving  the 
weight  of  the  liquid.  It  is  then  introduced  into  a  graduated  glass  jar  filled 
with  mercury,  inverted  in  a  basin  of  mercury,  and  immersed  in  a  bath  of 
water  or  oil,  and  heat  is  applied  to  the  bath  till  the  bulb  bursts,  and  the 
liquid  is  converted  into  vapor,  which  depresses  the  mercury  in  the  gas-jar 
to  a  certain  level.  This  is  read  off,  together  with  the  temperature  of  the 
bath  and  the  height  of  the  barometer,  and  from  these  readings  the  volume 
of  the  vapor  at  a  certain  pressure  and  temperature.  A  convenient  appa- 
ratus for  the  purpose  is  represented  in  figure  35.  It  consists  of  a  cylinder 
of  rather  thin  glass,  a  b  cd^  in  shape  like  a  very  large  test-tube,  about  16 
or  18  inches  long,  and  5  or  6  in  diameter.  At  the  lower  and  closed  end  it 
is  rounded,  and  care  must  be  taken  that  it  is  thin  enough  to  stand  the 
application  of  heat,  and  yet  strong  enough  to  bear  the  weight  of  the  mer- 
cury and  the  rest  of  the  apparatus  which  will  have  to  be  inserted.  A 
small  and  rather  light  gas-jar  e,  divided  into  inches  or  half  cubic  centi- 
metres, is  supported  at  its  lower  end  by  an  iron  cup /*,  attached  to  a  rod 
Q  (J  oi  the  same  metal.  In  the  engraving  it  is  represented  in  the  act  of 
being  lowered  into  its  place.  The  upper  end  of  the  jar  is  kept  steady  by 
the  ring  A,  which  slides  on  the  rod  g  q.  The  cylinder  is  retained  in  its 
vertical  position  by  the  ring  i  sliding  on  the  massive  retort-stand  h  i\ 
The  rod  g  g  and  the  thermometer  /  are  supported  by  the  arm  7n,  also  at- 
tached to  the  retort-stand.  The  cylinder  being  charged  up  to  the  line  n  n 
with  mercury,  the  gas-jar  c,  filled  with  mercury,  and  having  the  glass  bulb 
containing  the  liquid  to  be  examined  inserted,  is  placed  in  the  position 
seen  in  the  figure.  The  cylinder  is  then  to  be  filled  with  water,  or  neat*s- 
foot  oil,  until  the  gas-jar  is  covered  for  at  least  an  inch.  The  cylinder 
may  be  supported  on  wire-gauze  over  the  tripod  o,  or  in  any  other  con- 
venient manner.     Heat  may  be  applied  by  means  of  a  Bunsen's  burner. 

Great  care  must  be  taken,  in  passing  the  bulb  up  into  the  gas-jar,  io 
prevent  fracture.  The  most  conveni(»nt  way  of  accomplishing  this,  is  to 
place  the  lower  end  of  the  jar  in  a  mercurial  trough,  and  to  incline  it  to 


ta  utgle  of  about  450.  The  bnib  is  then  to  be  held  between  the  thnmb 
uid  fint  two  fingers,  the  tail  towards  the  palm  of  the  hand ;  it  IM  then 
to  be  prpxented  to  the  opening  of  the  gas-Jar,  and  when  inserted  is  to  be 
let  go  1  it  will  tben  ascend  to  the  top. 


*«9= 


To  determine  the  elastio  force  of  the  vapor,  the  height  of  the  colnmn  of 
water  or  oil  must  be  noted  and  reduced  hy  calcalatton  to  the  corresponding 
value  in  inilliinetreM  of  mercury.  The  elastic  forte  P  of  the  vapor  is  IIh'U 
Ibund  bj  adding  this  number  to  the  hei)i;ht  of  the  l>aToiueter,  and  deducting 
the  height  of  the  mercury  In  the  gas-jar  above  that  in  the  outer  cylinder. 

By  this  mode  of  proceeding  we  aBcertain  the  volume  which  a  known 
weight  W'  of  snbstance  occapies  at  a  given  temperature  and  pressnre,  and 
it  only  remains  to  determine  the  weight  W  of  the  same  volume  V  of  air  at 
the  same  temperatnre  T  and  pressure  P.  This  ig  given  in  grams  by  the 
formula — 


=  0.0012932  V  . 


1 


The  values  of  the  expreg»lon 


.   have  been  calculated  by 


0.003G7  T 

C.  OrevHIe  Williams  for  all  temperatures  from  10  to  150O  f.  (see  T.ible  VIII. 
in  the  Appendi^i)  ;  and  dividing  the  weight  W  of  the  vapor  by  these 
valnea,  we  obtain,  for  the  density,  the  eipreaeion — 


;ubic  iDchea  and  the  weigbU  Bro  given  in 

D  — W  1  +  0.00367  T      7C0 
0.31  V  ■     P    ■ 

Of  the  two  methods  of  determining  v&por  denaitiee  above  described,  that 
of  Dnmaa  has  the  «dv»ntftge  in  Bimplicity  of  apparatus  and  facility  of 
J,  execution,  especially  for   high  temperalurea  ;   in- 

"'     "  deed,  for  temperatures  alxive  160^^  it  ia  the  only 

Qiiu  that  can  be  employed ;  but  it  requires  more 
aubstanoe,  and  does  not  permit  of  the  density 
being  determined  at  more  than  one  temperature 
without  making  a  separate  experiment  in  each 
case.  The  proo(»s  of  Oay-LuBBHc,  on  the  other 
hanil,  permita  numerous  eiperimenta  with  one 
email  apccimen  of  aubslance  at  any  dc-sired  tempe- 
rature within  certain  langea,  and  thus  enables  the 
operator,  in  a  very  abort  time,  to  accnmulale  infor- 
mation regarding  certain  physical  properties  of 
subataneea  which  it  is  often  very  desirable  to  know 
— such,  for  example,  as  the  luwcat  temperature  at 
which  the  subatance  under  atudy  begina  to  obey 
the  lawB  of  permanunt  gaaee. 

3.  flo/moTin'i  Method.— Thia  is  a  modification  of 
Oay-LoBsao's  method,  di^vi.ted  by  Dr.  A.  W.  Ho&nann 
iDeut,  Chem.  Get.  Der.  18tib,  p.  198)  for  determin- 
ing the  vapor-densities  of  high-boiling  liquids  under 
reduced  pressure,  and  therefore  at  comparatively 
low  temperatures.      A  graduated  glasa  tube  about 
a  meire  long  aud  15  to  HO  mm.  wide,  ia  filled  with 
mercury  and  inverted  in  the  little  cup  A,  whereby 
a  barometric  vacuum  20  U)  30  mm.  high  ia  formed 
at  the  top.     The  long  tube  is  incloaed  in  another 
tube  30  to  40  mm.  wide  and  80  to  90  mm.  longer, 
drawn  oat  at  the  top  to  a  oonducting  tube  of  moderate  width,  which  ia 
bent  at  right  angles,  and  oonneoled  with  a  glass  or  copper  vesael  in  which 
water,  aniline,  or  other  liquid  can  be  boiled.     The  lower  part  of  the  long 
tube  ia  widoned  and  reala  upon  a  large  cork,  through  which  pasaea  an 
CTicape'tube  T.     By  this  arrangement,  a  stream  of  vapor  of  water,  aniline, 
or  other  volatile  liquid  can  be  made  to  paaa  tlirongh  the  space  between  the 
two  tubes,  BO  aa  to  keep  the  upper  part  of  the  barometer-tube  at  the  tem- 
perature required   for  the   determination.     The  substance  whose  vapor- 
dunaity  ia  ta  be  determined,  ia  introduced  into  the  barometric  vacuum  in 
amall  glass  tubes  fitl«d  with  ground  stoppers,  which  are  forced  out  by 
the  tenaiau  of  the  vapor.     The  great  advantage  of  this  method  ia  that, 
under  the  very  small  preaaure  to  which  the  inclosed  vapor  ia  subjected— 
which  may  be  reduced  to  20  or  even  10  millimetrea  of  mercury — the  deter- 
mination* may  be  made  at  comparatively  low  temperatures.     Thna,  in  the 
caae  of  liquids  boiling  under  the  ordinary  preaaure  at  120°  or  even  160°,  the 
vapor-density  may  be  acoorately  determined  at  the  temperature  of  boiling 
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Sonrces  of  Heat. 

The  first  and  greatest  source  of  heat,  compared  with  which  all  others  are 
totally  inaignificanty  is  the  sun.  The  luminous  rays  are  accompanied  by 
heat-rays,  which,  striking  against  the  surface  of  the  earth,  raise  its  tem- 
peratare ;  this  heat  is  communicated  to  the  air  by  convection,  as  already 
described,  air  and  gases  in  general  not  being  sensibly  heated  by  the  pas- 
sage of  the  rays. 

A  second  souroe  of  heat  is  supposed  to  exist  in  the  interior  of  the  earth. 
It  has  been  observed  that,  in  sinking  mine-shafts,  boring  for  water,  etc., 
the  temperature  rises,  in  descending,  at  the  rate,  it  is  said,  of  about  |0  Q. 
(PF.)  for  every  45  feet,  or  650  C.  (1170  F.)  per  mile.  On  the  supposition 
that  the  rise  continues  at  the  same  rate,  the  earth,  at  the  depth  of  less 
than  two  miles,  would  have  the  temperature  of  boiling  water ;  at  nine  miles, 
it  would  be  red-hot ;  and  at  thirty  or  forty  miles  depth,  all  known  sub- 
stances would  be  in  a  state *of  fusion.* 

According  to  this  idea,  the  earth  must  be  looked  upon  as  an  intensely 
heated  fluid  spheroid,  covered  with  a  crust  of  solid  badly  conducting  mat- 
ter, cooled  by  radiation  into  space,  and  bearing  somewhat  the  same  propor- 
tion in  thickness  to  the  ignited  liquid  within,  that  the  shell  of  an  egg  bears 
to  its  fluid  contents.  Without  venturing  to  offer  any  opinion  on  this  theory, 
it  may  be  sufficient  to  observe  that  it  is  not  positively  at  variance  with  any 
known  fact ;  that  the  figure  of  the  earth  is  really  such  as  would  be  assumed 
by  a  fluid  mass  ;  and,  lastly,  that  it  offers  the  best  explanation  we  have  of 
the  phenomena  of  hot  springs  and  volcanic  eruptions,  and  agrees  with  the 
cheoucal  nature  of  their  products. 

Among  the  other  sources  of  heat  are  chemical  combination  and  mechani- 
cal work. 

The  disengagement  of  heat  in  the  act  of  combination  is  a  phenomenon  of 
the  utmost  generality.  The  quantity  of  heat  given  out  in  each  particular 
case  is  fixed  and  definite ;  its  intensity  is  dependent  upon  the  time  over 
which  the  action  is  extended.  Many  admirable  researches  on  this  subject 
have  been  published ;  but  their  results  will  be  more  advantageously  con- 
sidered at  a  later  part  of  this  work,  in  connection  with  the  laws  of  chemi- 
cal combination. 

Heat  produced  by  Mechanical  Work.^H.ea,t  and  motion  are  convertible  one 
into  the  other.  The  powerful  mechanical  effects  produced  by  the  elasticity 
of  the  vapor  evolved  from  heated  liquids  afford  abundant  illustration  of 
the  conversion  of  heat  into  motion ;  and  the  production  of  heat  by  friction, 
by  the  hammering  of  metals,  and  in  the  condensation  of  gases  (p.  52), 
shows  with  equal  clearness  that  motion  may  be  converted  into  heat. 

In  some  cases  the  rise  of  temperature  thus  produced  appears  to  be  due 
to  a  diminution  of  heat-capacity  in  the  body  operated  upon,  as  in  the  case 
of  a  compressed  gas  just  alluded  to.  Malleable  metals,  also,  as  iron  and 
copper,  which  become  heated  by  hammering  or  powerful  pressure,  are 
found  thereby  to  have  their  density  sensibly  increased,  and  their  capacity 
for  heat  diminished.  A  soft  iron  nail  may  be  made  red  hot  by  a  few  dex- 
terous blows  on  an  anvil ;  but  the  experiment  cannot  be  repeated  until  the 
metal  has  been  annealed,  and  in  that  manner  restored  to  its  former  physical 
state. 

But  the  amount  of  heat  which  can  be  developed  by  mechanical  force  is, 

»  The  Arfestan  well  nf  Qrenelle,  near  Paris,  has  a  depth  of  1774  6  Enjfllsh  feet ; 
It  18  borrd  through  the  chnlk  bAsio  to  the  SAnd  beneath.  The  temperature  of  the 
**ter,  which  is  exceedingly  abundant,  18  82°  F. ;  the  mean  temperature  of  Paris 
w  M®  F. ;  the  difference  is  SP  F.,  which  gives  a  rate  of  about  1°  for  68  feet. 
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in  most  cases,  oat  of  all  proportion  to  what  can  be  acconnted  for  in  this 
way.  Sir  H.  Davy  melted  two  pieces  of  ice  by  rubbing  them  together  in 
a  vacuum  at  the  temperature  of  (P ;  and  Count  Kumford  found  that  the 
heat  developed  by  the  boring  of  a  brass  cannon  was  sufficient  to  bring  to 
the  boiling  point  two  and  a  half  gallons  of  water,  while  the  dust  or  shav- 
ings of  metal  cut  by  tlie  borer  weighed  only  a  few  ounces.  In  these  and 
all  similar  cases  the  heat  appears  as  a  direct  result  of  the  force  expended ; 
the  motion  is  converted  into  heat. 

The  connection  between  heat  and  mechanical  force  appears  still  more 
intimate  when  it  is  stiown  that  they  are  related  by  an  exact  numerical 
law,  a  given  quantity  of  the  one  being  always  convertible  into  a  definite 
amount  of  the  other.  The  first  approximate  determination  of  this  most 
important  numerical  relation  was  made  by  Count  Rumford  in  the  manner 
just  alluded  to.  A  brass  cylinder  inclosed  in  a  box  containing  a  known 
weight  of  water  at  6(P  F.  was  bored  by  a  steel  borer  made  to  revolve  by 
horse  power,  and  the  time  was  noted  which  elapsed  before  the  water  was 
raised  to  the  boiling  point  by  the  heat  resulting  from  the  friction.  In  this 
manner  it  was  found  that  the  heat  required  to  raise  the  temperature  of  a 
pound  of  water  by  lO  F.  is  equivalent  to  1034  times  the  force  expended  in 
raising  a  i>ound  weight  one  foot  high,  or  to  1034  ** foot-pounds,"  as  it  is 
technically  expressed.  This  estimate  is  now  known  to  be  too  high,  no 
account  having  been  taken  of  the  heat  communicated  to  the  containing 
vessel,  or  of  that  which  was  lost  by  dispersion  during  the  experiment. 

For  the  most  exact  determinations  of  the  mechanical  equivalent  of  heat 
we  are  indebted  to  the  careful  and  elaborate  researches  of  Dr.  J.  P.  Joule. 
From  experiments  made  in  the  years  1840-43  on  the  relations  between  the 
heat  and  mechanical  power  generated  by  the  electric  current.  Dr.  Joule 
was  led  to  conclude  that  the  heat  required  to  raise  the  temperature  of  a 
pound  of  water  1°  F.  is  equivalent  to  838  foot-pounds.  This  he  afterwards 
reduced  to  772 ;  and  a  nearly  equal  result  was  afterwards  obtained  by 
experiments  on  the  condensation  and  rarefaction  of  gases  ;  but  this  esti- 
mate has  since  been  found  to  be  likewise  too  great. 

The  most  trustworthy  results  are  obtained  by  measuring  the  quantity 
of  heat  generated  by  the  friction  between  solids  and  liquids.  It  was  for  a 
long  time  believed  that  no  heat  was  evolved  by  the  friction  of  liquids  and 
gases  ;  but  in  1842  Meyer  showed  that  the  temperature  of  water  may  he 
raised  220  or  230  F.  by  agitating  it.  The  warmth  of  the  sea  after  a  few 
days  of  stormy  weather  is  also  probably  an  effect  of  fluid  friction. 

The  apparatus  employed  by  Dr.  Joule  for  the  determination  of  this 
important  constant,  by  means  of  the  friction  of  water,  consisted  of  a  brass 

paddle-wheel  furnished  with  eight  sets  of 
revolving  vanes,  working  between  four  sets 
of  stationary  vanes.  This  revolving  appa- 
ratus, of  which  fig.  37  shows  a  horizontal, 
and  fig.  38  a  vertical  section,  was  firmly 
fitted  into  a  copper  vessel  (see  fig.  39)  con- 
taining water,  in  the  lid  of  which  were  two 
necks,  one  for  the  axis  to  revolve  in  with- 
out touching,  the  other  for  the  insertion  of 
a  thermometer.  A  similar  apparatus,  but 
made  of  iron,  and  of  smaller  size,  having 
six  rotatory  and  eight  sets  of  stationary 
vanes,  was  used  for  the  experiments  on  the 
friction  of  mercury.  The  apparatus  for  the 
friction  of  cast-iron  consisted  of  a  vertical 
axis  carrying  a  bevelled  cast-iron  wheel, 
against  which  a  bevelled  wheel  was  pressed 


Fig.  37. 


Fig.  38. 
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br  a  lever.  The  wheels  were  inclosed  in  a  cast-iron  vessel  filled  with 
mercury,  the  axis  passing  through  the  lid.  In  each  apparatus  motion 
was  given  to  the  axis  by  the  descent  of  leaden  weights  W  (fig.  39)  sus- 
pended by  strings  from  the  axis  of  two  wooden  pulleys,  one  of  which  is 
shown  at  />,  their  axes  being  supported  on  friction  wheels  d  dj  and  the 

Fig.  80. 


pulleys  being  connected  by  fine  twine  with  a  wooden  roller  r,  which,  by 
means  of  a  pin,  could  be  easily  attached  to  or  removed  from  the  friction 
apparatus. 

The  mode  of  experimenting  was  as  follows  : — The  temperature  of  the  fric- 
tional  apparatus  having  l>een  ascertained,  and  the  weights  wound  up,  the 
roller  was  fixed  to  the  axis,  and  the  precise  height  of  the  weights  ascer- 
tained ;  the  roller  was  then  set  at  liberty,  and  allowed  to  revolve  till  the 
weights  touched  the  floor.  The  roller  was  then  detached,  the  weights 
wound  up  again,  and  the  friction  renewed.  This  having  been  repeated 
twenty  times,  the  experiment  was  concluded  with  another  observation  of 
the  temperature  of  the  apparatus.  The  mean  temperature  of  the  apart- 
ment was  ascertained  by  observations  made  at  the  beginning,  middle,  and 
end  of  each  experiment.  Corrections  were  made  for  the  effects  of  radia- 
tion and  conduction ;  and,  in  the  experiments  with  water,  for  the  quanti- 
ties of  heat  absorbed  by  the  <X)pper  vessel  and  the  paddle-wheel.  In  the 
experiments  with  mercury  and  cast-iron,  the  heat-capacity  of  the  entire 
apparatus  was  ascertained  by  observing  the  heating  effect  which  it  pro- 
duced on  a  known  quantity  of  water  in  which  it  was  immersed.  In  all  the 
experiments,  corrections  were  also  made  for  the  velocity  with  which  the 
weights  came  to  the  ground,  and  for  the  friction  and  rigidity  of  the  strings. 
The  thermometers  used  were  capable  of  indicating  a  variation  of  tempera- 
ture as  small  as  jj^y  of  a  degree  Fahrenheit. 

The  following  table  contains  a  summary  of  the  results  obtained  by  this 
method.  The  second  column  gives  the  results  as  they  were  obtained  in 
air  •,"  in  the  third  column  the  same  results  corrected  for  a  vacuum : — 


Material 
^employed. 

Water     . 
Mercury 

Cast-iron 


EqalvRlent 
in  air. 

773.640 
/  773.7G2 
(  776..303 
(  776.997 
I  774.880 


Equivalent 
in  vflcuum. 

772.692 
772.814) 
775.352  f 
776.045  i 
774.930  f 


Mean. 
772.692 
774.083 

774.987 
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In  the  exx>eriments  with  cast-iron,  the  friction  of  the  wheels  prodaoed  a 
oonsiderable  vibration  of  the  framework  of  the  apparatus,  and  a  loud 
sound  ;  it  was  therefore  necessary  to  make  allowance  for  the  quantity  of 
force  expended  in  producing  these  effects.  The  number  772.692,  obtained 
by  the  friction  of  water,  is  regarded  as  the  most  trustworthy ;  but  even 
this  may  be  a  little  too  high  ;  because  even  in  the  friction  of  fluids  it  is 
impossible  entirely  to  avoid  vibration  and  sound.  The  conclusions  deduced 
from  these  experiments  are— 

1.  That  the  quantity  of  heat  produced  hy  the  friction  of  bodies,  whether  solid  or 
liquid,  is  always  proportional  to  the  force  expended, 

2.  T%U  the  quantity  of  heat  capable  of  increasing  the  temperature  of  lib.  of 
water  (weighed  in  vacuo,  and  between  650  and  6(P)  by  lO  F,,  requires  for  its 
evolution  the  expenditure  of  a  mechanical  force  represented  by  thefcUl  of  772  lbs. 
through  the  space  of  Ifoot. 

Or,  the  heat  capable  of  increasing  the  temperature  of  1  gram  of  water  by  lO  C, 
is  equivalent  to  a  force  represented  by  the  fall  of  423.65  grams  through  the  space 
of  1  metre.     This  is  consequently  the  effect  qf^^a  unit  of  heat. ^* 

Experiments  made  by  other  philosophers  on  the  work  done  by  a  steam- 
engine,  on  the  heat  evolved  by  an  electro-magnetic  engine  at  rest  and  in 
motion,  and  on  the  heat  evolved  in  the  circuit  of  a  voltaic  battery  and  in 
a  metallic  wire  through  which  an  electric  current  is  passing,  have  given 
values  for  the  meoluuiical  equivalent  of  heat  very  nearly  equal  to  the 
above. 

Dynamloal  Theory  of  Heat. 

For  a  very  long  time  two  rival  theories  have  been  held  regarding  the 
nature  of  heat :  on  the  one  hand,  heat  has  been  viewed  as  having  a  mate- 
rial existence,  though  differing  from  ordinary  matter  in  being  without 
weight,  and  in  other  respects  ;  on  the  other  hand,  it  has  been  regarded  as 
a  state  or  condition  of  ordinary  matter,  and  generally  as  a  condition  of 
motion.  From  the  latter  part  of  the  last  century,  until  the  modern  re- 
searches upon  the  mechanical  equivalent,  the  former  view  had  by  far  the 
greater  number  of  adherents.  Its  popularity  may  be  chiefly  traced  to  the 
teaching  of  Black  and  Lavoisier.  By  the  former  of  these  philosophers,  the 
various  capacities  for  heat,  or  8i>ecific  heats,  of  different  bodies,  seem  to 
have  been  regarded  as  analogous  to  the  various  proportions  of  the  same 
acid  required  to  neutralize  equal  quantities  of  different  bases,  while  the 
solid,  liquid,  and  gaseous  states  were  explained  by  Black  as  representing 
so  many  distinct  proportions  in  which  heat  was  capable  of  combining  with 
ordinary  matter.  Very  similar  views  were  advocated  by  Lavoisier ;  he 
regarded  all  gases  as  compounds  of  a  base  characteristic  of  each,  with 
caloric,  and  supposed  that  when,  as  the  result  of  chemical  action,  they  as- 
sumed the  liquid  or  solid  state,  this  caloric  was  set  free,  and  appeared  as 
sensible  heat. 

Heat  was  compared  by  these  philosophers  to  a  material  substance,  in 
order  to  explain  its  then  known  quantitative  relations ;  and  from  this 
point  of  view  the  conception  introduced  by  them  had  the  great  advantage 
of  being  more  easily  grasped  than  any  which  the  advocates  of  the  immate- 
rial nature  of  heat  had  to  bffer  in  its  place.  It  was  much  easier  to  con- 
ceive of  definite  quantities  of  an  exceedingly  subtile  substance  or  fluid, 
than  of  definite  quantities  of  motion,  which  was  itself  undefined  as  to  its 
nature.  It  was  a  direct  consequence  of  the  material  view,  that  heat  should 
be  considered  as  indestructible  and  as  incapable  of  being  produced,  and 
therefore  that  the  total  quantity  of  heat  in  the  Tiniverse  should  be  regarded 
as  at  all  times  the  same. 

But,  on  the  other  hand,  this  hypothesis  did  not  afford  a  satisfactory  ex- 
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pl&nation  of  the  prodnction  of  heat  by  mechanical  means.     Here  it  was  not 
easy  to  deny  the  actual  generation  of  heat,  or  to  explain  the  effects  as  de- 
pending merely  on  its  altered  distribution.    Nevertheless,  the  evolution  of 
heat  by  friction  and  percussion  was  generally  considered,  by  the  advocates 
of  the  material  view,  as  in  some  way  resulting  from  a  diminution  in  the 
capacities  for  heat  of  the  bodies  operated  upon  ;  and  this  explanation  de- 
rived considerable  support  from  the  remark,  made  by  Black,  that  a  piece 
of  soft  iron,  which  has  been  once  ma<le  red  hot  by  hammering  (see  p.  73), 
cannot  be  so  heated  a  second  time  until  it  has  been  heated  to  redness  in  a 
fire  and  allowed  to  cool.     In  this  case,  certainly,  it  seemed  as  though  the 
hammering  forced  out  heat  from  the  mass  of  iron,  like  water  from  a  sponge, 
and  that  a  fresh  supply  was  taken  up  when  the  iron  was  put  in  the  fire. 
This  explanation,  however,  did  not  satisfy  Rumford,  who,  in  the  investi- 
gation described  above,  made  direct  experiments  upon  the  specific  heat  of 
the  chips  of  metal  detached  by  the  friction,  and  found  it  to  be  identical 
with  that  of  brass  under  ordinary  circumstances.    Still  more  decisive  proof 
that  the  heat  generated  by  friction  cannot  be  ascribed  to  a  diminution  of 
specific  heat  in  the  substances  operated  on  was  afforded  by  Davy's  experi- 
ment on  the  liquefaction  of  ice  by  friction ;  for  in  this  case  the  ice  was  con- 
verted into  a  liquid  having  twice  the  specific  heat  of  the  ice  ^tself.     Hence 
Davy**  drew  the  conclusion  that  **the  immediate  cause  of  the  phenomena 
of  heat  is  motion,  and  the  laws  of  its  communication  are  precisely  the  same 
as  the  laws  of  the  communication  of  motion." 

The  mechanical,  or  dynamical  theory,  which  regarded  heat  as  consisting 
in  a  state  of  molecular  motion,  cannot,  however,  be  said  to  have  been  defi- 
nitely established,  until  it  also  was  made  quantitative, — until  it  was  shown 
that  exact  numerical  laws  regulate  the  production  of  heat  by  work  or  of 
work  by  heat,  equally  with  its  production  during  solidification  and  dis- 
appearance during  fusion. 

To  illustrate  the  general  nature  of  the  dynamical  theory  of  heat,  we  give 
an  outline  of  the  view  of  the  constitution  of  gases,  first  put  forward,  in  its 
present  form,  by  Joule;!  and  subsequently  developed  by  Kronig,^  and 
Claasius,§  and  of  the  explanation  of  the  relation  existing  between  solids, 
liqaids,  and  gases,  which  has  been  deduced  from  it  by  the  last-named 
philosopher. 

First,  then,  it  is  assumed  that  the  particles  of  all  bodies  are  in  constant 
motion,  and  that  this  motion  constitutes  heat,  the  kind  and  quantity  of 
motion  varying  according  to  the  state  of  the  body,  whether  solid,  liquid, 
or  gaseous. 

In  gases,  the  molecules— each  molecule  being  an  aggregate  of  atoms — are 
supposed  to  be  constantly  moving  forward  in  straight  lines,  and  with  a 
constant  velocity,  till  they  impinge  against  each  other,  or  against  an  im- 
penetrable wall.  This  constant  impact  of  the  molecules  produces  the  ex- 
pansive tendency  or  elasticity  which  is  the  peculiar  characteristic  of  the 
gaseoas  state.  The  rectilinear  movement  is  not,  however,  the  only  one 
with  whicli  the  particles  are  affected.  For  the  impact  of  two  molecules, 
unless  it  takes  place  exactly  in  the  line  joining  their  centres  of  gravity, 
must  give  rise  to  a  rotatory  motion  ;  and,  moreover,  the  ultimate  atoms  of 
which  the  molecules  are  composed  may  be  supposed  to  vibrate  within  cer- 
tain limits,  being,  in  fact,  thrown  into  vibration  by  the  impact  of  the 
molecules.  This  vibratory  motion  is  called  by  Glausius,  the  motion  of  the 
constituent  atoms.  The  total  quantity  of  heat  in  the  gas  is  made  up  of  the 
progressive  motion  of  the  molecules,  together  with  the  vibratory  and  other 

•  Elements  of  r?heralc«l  Philolophv,  1812,  pp.  94,  96. 

t  Ana.  Ch.  Phye.  [3]  1.  881.  t  Pogg.  Ann.  xcix.  816.  6  Ibid.  868. 
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motions  of  the  oonstitaent  atoms ;  bat  the  progressive  motion  alone,  wliioh 
is  the  cause  of  the  expansive  tendency,  determines  the  temperature.  Now, 
the  outward  pressure  exerted  hy  the  gas  against  the  containing  envelope 
arises,  according  to  the  hypothesis  under  consideration,  from  the  impact 
of  a  great  number  of  gaseous  molecules  against  the  sides  of  the  vessel.  But 
at  any  given  temperature,  that  is,  with  any  given  velocity,  the  number  of 
such  impacts  taking  place  in  a  given  time  must  vary  inversely  as  the 
volume  of  the  given  quantity  of  gas :  hence  the  pressure  varies  inversely  as 
the  volufnCy  or  directly  as  the  density^  which  is  Boyle's  law. 

When  the  volume  of  the  gas  is  constant,  the  pressure  resulting  from  the 
impact  of  the  molecules  is  proportional  to  the  sum  of  the  masses  of  all  the 
molecules  multiplied  into  the  squares  of  their  velocities  ;  in  other  words, 
to  the  so-called  vis  viva  or  working  force  of  the  progressive  motion.  If,  for 
example,  the  velocity  be  doubled,  each  molecule  will  strike  the  sides  of 
the  vessel  with  a  twofold  force,  and  its  number  of  impacts  in  a  given  time 
will  also  be  doubled :  hence  the  total  pressure  will  be  quadrupled. 

Now,  we  know  that  when  a  given  quantity  of  any  perfect  gas  is  main- 
tained at  a  constant  volume,  it  tends  to  expand  by  ^^^  of  its  bulk  at  zero 
for  each  degree  centigrade.  Hence  the  pressure  or  elastic  force  increases 
proportionally  to  the  temperature  reckoned  from  — 2730  C. ;  that  is  to  say, 
to  the  absolute  temperature.  Consequently,  the  absolute  teniperature  is  pro- 
portioned to  the  working  force  of  the  progressive  motion. 

Moreover,  as  the  motions  of  the  constituent  particles  of  a  gas  dei>end  on 
the  manner  in  which  its  atoms  are  united,  it  follows  that  in  any  given  gas 
the  different  motions  must  be  to  one  another  in  a  constant  ratio  ;  and,  there- 
fore, the  vis  vivo  or  working  force  of  the  progressive  motion  must  be  an  ali- 
quot part  of  the  entire  working  force  of  the  gas ;  hence  also  the  absolute 
temperature  is  proportional  to  the  total  working  force  arising  from  all  the 
motions  of  the  particles  of  the  gas. 

I^'rom  this  it  follows  that  the  quantity  of  heat  which  must  be  added  to  a 
gas  of  constant  volume  in  order  to  raise  its  temperature  by  a  given  amount, 
is  constant  and  independent  of  the  temperature.  In  other  words,  the 
specific  heat  of  a  gas  referred  to  a  given  volume  is  constant,  a  result  which 
agrees  with  the  experiments  of  Regnault,  mentioned  at  p.  52.  This  result 
may  be  otherwise  expressed,  as  follows :  The  total  or  working  force  of  the 
gas  is  to  the  working  force  of  the  progressive  motion  of  the  molecules,  which  is  the 
measure  of  the  temperature,  in  a  constant  ratio.  This  ratio  is  different  for  dif- 
ferent gases,  and  is  greater  as  the  gas  is  more  complex  in  its  constitution ; 
in  other  words,  as  its  molecules  are  made  up  of  a  greater  number  of  atoms. 
The  specific  heat  referred  to  a  constant  pressure  is  known  to  differ  from 
the  true  specific  heat  only  by  a  constant  quantity. 

The  relations  just  considered  between  the  pressure,  volume,  and  tem- 
perature of  gases,  presuppose,  however,  certain  conditions  of  molecular 
constitution,  which  are,  perhaps,  never  rigidly  fulfilled :  and,  accordingly, 
the  experiments  of  Magnus  and  Regnault  show  (pp.  49-60)  that  gases  do 
exhibit  slight  deviations  from  Gay-Lussac  and  Boyle's  laws.  What  the 
conditions  are  which  strict  adherence  to  these  laws  would  require,  will  be 
better  understood  by  considering  the  differences  of  molecular  constitution 
which  must  exist  in  the  solid,  liquid,  and  gaseous  states. 

A  movement  of  molecules  must  be  supposed  to  exist  in  all  three  states. 
In  the  solid  state,  the  motion  is  such  that  the  molecules  oscillate  about  cer- 
tain positions  of  equilibrium,  which  they  do  not  quit,  unless  they  are 
acted  upon  by  external  forces.  This  vibratory  motion  may,  however,  be 
of  a  very  complicated  character.  The  constituent  atoms  of  a  molecule  may 
vibrate  separately,  the  entire  molecules  may  also  vibrate  as  such  about 
their  centres  of  gravity,  and  the  vibrations  may  be  either  rectilinear 
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OT  rotatory.     Moreover,  when  extraneous  forces  act  upon  the  body  as  in 
shocks,  the  moleculea  may  permanently  alter  their  relative  positions. 

In  the  liqtiid  stcUe^  the  molecules  have  no  determinate  positions  of  equi- 
librium. They  may  rotate  completely  about  their  centres  of  gravity,  and 
may  also  move  forward  into  other  positions.  But  the  repulsive  action 
arising  from  the  motion  is  not  strong  enough  to  overcome  the  mutual  at- 
traction of  the  molecules,  and  separate  them  completely  from  each  other. 
A  molecule  Is  not  permanently  associated  with  its  neighbors,  as  in  the 
solid  state ;  it  does  not  leave  them  si>ontaneou8ly,  but  only  under  the 
influence  of  forces  exerted  upon  it  by  other  molecules,  with  which  it  then 
comes  into  the  same  relation  as  with  the  former.  There  exists,  therefore, 
in  the  liquid  state,  a  vibratory,  rotatory,  and  progressive  movement  of  the 
molecules,  but  so  regulated  that  they  are  not  thereby  forced  asunder,  but 
remain  within  a  certain  volume  without  exerting  any  outward  pressure. 

In  the  gaseous  state,  on  the  other  hand,  the  molecules  are  removed  quite 
beyond  the  sphere  of  their  mutual  attractions,  and  travel  onward  in 
straight  lines  according  to  the  ordinary  laws  of  motion.  When  two  such 
molecules  meet,  they  fly  apart  from  each  other,  for  the  most  part  with  a 
velocity  equal  to  that  with  which  they  came  together.  The  perfection  of 
the  gaseous  state,  however,  implies  :  1.  That  the  space  actually  occupied 
by  the  molecules  of  the  gas  be  infinitely  small  in  comparison  with  the 
entire  volume  of  the  gas  ;  2.  That  the  time  occupied  in  the  impact  of  a 
molecule,  either  against  another  molecule  or  against  the  sides  of  the  vessel, 
te  infinitely  small  in  comparison  with  the  interval  between  any  two  im- 
pacts ;  3.  That  the  influence  of  the  molecular  forces  be  infinitely  small. 
When  these  conditions  are  not  completely  fulfilled,  the  gas  partakes  more 
or  less  of  the  nature  of  a  liquid,  and  exhibits  certain  deviations  from  Gay- 
Lossac  and  Boyle's  laws.  Such  is,  indeed,  the  case  with  all  known  gases; 
to  a  very  slight  extent  with  those  which  have  not  yet  been  reduced  to  the 
liquid  state ;  but  to  a  greater  extent  with  vapors  and  condensable  gases, 
especially  near  the  points  of  condensation. 

Let  us  now  return  to  the  consideration  of  the  liquid  state.     It  has  been 
said  that  the  molecule  of  a  liquid,  when  it  leaves  those  with  which  it  is 
associated,  ultimately  takes  up  a  similar  position  in  regard  to  other  mole- 
cules.    This,  however,  does  not  preclude  the   existence  of  considerable 
irregularities  in  the  actual  movements.     Now,  at  the  surface  of  the  liquid, 
it  may  happen  that  a  particle,  by  a  peculiar  combination  of  the  rectilinear, 
rotatory,  and  vibratory  movements,  may  be  projected  from  the  neighboring 
molecules  with  such  force  as  to  throw  it  completely  out  of  their  sphere  of 
action,  before  its  projectile  velocity  can  be  annihilated  by  the  attractive 
force  which  they  exert  upon  it.     The  molecule  will  then  be  driven  forward 
into  the  space  above  the  liquid,  as  if  it  belonged  to  a  gas,  and  that  space, 
if  originally  empty,  will,  in  consequence  of  the  action  just  described, 
become  more  and  more  filled  with  these  projected  molecules,  which  will 
comport  themselves  within  it  exactly  like  a  gas,  impinging  and  exerting 
pressure  upon  the  sides  of  the  envelope.     One  of  these  sides,  however,  is 
formed  by  the  surface  of  the  liquid,  and  when  a  molecule  impinges  upon 
this  surface,  it  will,  in  general,  not  be  driven  back,  but  retained  by  the 
attractive  forces  of  the  other  molecules.     A  state  of  equilibrium,  not  static, 
but  dynamic,  will  therefore  be  attained  when  the  number  of  molecules 
projected  in  a  given  time  into  the  space  above  is  equal  to* the  number 
which  in  the  same  time  impinge  upon  and  are  retained  by  the  surface  of 
the  iiqnid.     This  is  the  process  of  vaporization.     The  density  of  the  vapor 
required  to  insure  the  compensation  just  mentioned,  depends  upon  the 
rate  at  which   the  particles  are  projected  from  the  surface  of  the  liquid, 
and  this  agaia  upon  the  rapidity  of  their  movement  within  the  liquid, 
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that  is  to  say,  upon  the  temperature.     It  is  clear,  therefore,  that  the  den- 
sity of  a  saturated  vapor  must  increase  witli  the  temperature. 

If  the  space  above  the  liquid  is  previously  filled  with  a  gas,  the  mole- 
cules of  this  gas  will  impinge  upon  the  surface  of  the  liquid,  and  thereby 
exert  pressure  upon  it ;  but  as  these  gas-molecules  occupy  but  an  ex- 
tremely small  proportion  of  the  space  above  the  liquid,  the  particles  of 
the  liquid  will  be  projected  into  that  space  almost  as  if  it  were  empty. 
In  the  middle  of  the  liquid,  however,  the  external  pressure  of  the  gas  acts 
in  a  different  manner.  There,  also,  it  may  happen  that  the  molecules  may 
be  separated  with  such  force  as  to  produce  a  small  vacuum  in  the  midst  of 
the  liquid.  But  this  space  is  surrounded  on  all  sides  by  masses  which 
afford  no  passage  to  the  disturbed  molecules  ;  and  in  order  that  they  may 
increase  to  a  permanent  vapor-bubble,  the  number  of  molecules  projected 
from  the  inner  surface  of  the  vessel  must  be  such  as  to  produce  a  pressure 
outwards  equal  to  the  external  pressure  tending  to  compress  the  vapor- 
bubble.  The  boiling  of  the  liquid  will,  therefore,  be  higher  as  the  exter- 
nal pressure  is  greater. 

According  to  this  view  of  the  process  of  vaporization,  it  is  possible  that 
vapor  may  rise  from  a  solid  as  well  as  from  a  liquid  ;  but  it  by  no  means 
necessarily  follows  that  vapor  must  be  formed  from  all  bodies  at  all  tempe- 
ratures. The  force  which  holds  together  the  molecules  of  a  body  may  be 
too  great  to  be  overcome  by  any  combination  of  molecular  movements,  so 
long  as  the  temperature  does  not  exceed  a  certain  limit. 

The  production  and  consumption  of  heat  which  accompany  changes  in  the 
state  of  aggregation,  or  of  the  volume  of  bodies,  are  easily  explained, 
according  to  the  preceding  principles,  by  taking  account  of  the  work  done 
by  the  acting  forces.  This  work  is  partly  external  to  the  body,  partly 
interned.     To  consider  first  the  internal  work  : 

When  the  molecules  of  a  body  change  their  relative  positions,  the  change 
may  take  place  either  in  accordance  with  or  in  opposition  to  the  action  of 
tlie  molecular  forces  existing  within  the  body.  In  the  former  case,  the 
molecules,  during  the  passage  from  one  state  to  the  other,  have  a  certain 
velocity  imparted  to  them,  which  is  immediately  converted  into  heat ;  in 
the  latter  case,  the  velocity  of  their  movement,  and  consequently  the  tem- 
perature of  the  body,  is  diminished.  In  the  passage  from  the  solid  to  the 
liquid  state,  the  molecules,  although  not  removed  from  the  spheres  of  their 
mutual  attractions,  nevertheless  change  their  relative  positions  in  oppo- 
sition to  the  molecular  forces,  which  forces  have,  therefore,  to  be  overcome. 
In  evaporation,  a  certain  number  of  the  molecules  are  completely  sepa- 
rated from  the  remainder,  which  again  implies  the  overcoming  of  opposing 
forces.  In  both  cases,  therefore,  work  is  done,  and  a  certain  portion  of  the 
Working  force  of  the  molecules,  that  is,  of  the  heat  pf  the  body,  is  lost. 
But  when  once  the  perfect  gaseous  state  is  attained,  the  molecular  forces 
are  completely  overcome,  and  any  further  expansion  may  take  place  with- 
out internal  work,  and,  therefore,  without  loss  of  heat,  provided  there  is 
no  external  resistance. 

But  in  nearly  all  cases  of  change  of  state  or  volume,  there  is  a  certain 
amount  of  external  resistance  to  be  overcome,  and  a  corresponding  loss  of 
heat.  When  the  pressure  of  a  gas,  that  is  to  say,  the  impact  of  its  atoms, 
is  exerted  against  a  movable  obstacle,  such  as  a  piston,  the  molecules  lose 
just  as  much  of  their  moving  power  as  they  have  imparted  to  the  piston, 
and,  consequently,  their  velocity  is  diminished  and  the  temperature  low- 
ered. On  the  contrary,  when  a  gas  is  compressed  by  the  motion  of  a 
piston,  its  molecules  are  driven  back  with  greater  velocity  than  that  with 
which  they  impinged  on  the  piston,  and,  consequently,  the  temperature 
of  the  gas  is  raised. 
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When  a  liquid  is  converted  into  vapor,  the  moleonles  have  to  overcome 
the  atmospheric  pressure  or  other  external  resistance,  and,  in  consequence 
of  this,  together  with  the  internal  work  already  spoken  of,  a  large  quan- 
titj  of  heat  disappears,  or  is  rendered  latent^  the  quantity  thus  consumed 
being,  to  a  considerable  extent,  affected  by  the  external  pressure.  The 
liquefaction  of  a  solid,  not  being  attended  with  much  increase  of  volume, 
inrolvea  but  little  external  work  ;  nevertheless  the  atmospheric  pressure 
doK  inflaence,  to  a  slight  amount,  both  the  latent  Leat  of  fusion  and  the 
melting  point. 
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LIGHT. 

Two  views  have  been  entertained  resx>ecting  the  nature  of  light.  New- 
ton imagined  that  luminous  bodies  emit,  or  shoot  out,  iniinitelj  small  par- 
ticles in  straight  lines,  which,  by  penetrating  the  transparent  parts  of  the 
eye  and  falling  upon  the  nervous  tissue,  produce  vision.  Other  philoso- 
phers drew  a  parallel  between  the  properties  of  light  and  those  of  sound, 
and  considered  that,  as  sound  is  certainly  the  clTcct  of  undulations,  or 
little  waves,  propagated  through  elastic  bodies  in  all  directions,  so  light 
might  b«  nothing  more  than  the  consequence  of  similar  undulations  trans- 
mitted with  inconceivable  velocity  through  a  highly  elastic  medium,  of 
excessive  tenuity,  filling  all  space,  and  occupying  the  intervals  between 
the  particles  of  material  substances.  To  this  medium  they  gave  the  name 
of  ether.  The  wave  hypothesis  of  light  is  at  present  generally  adopted. 
It  is  in  harmony  with  all  the  known  phenomena  discovered  since  the  time 
of  Newton,  not  a  few  of  which  were  first  deduced  from  the  undulatory 
theory,  and  afterwards  verified  by  experiment.  Several  well-known  facte 
are  in  direct  opposition  to  the  theory  of  emission. 

A  ray  of  light  emitted  from  a  luminous  body  proceeds  in  a  straight  line, 
and  with  extreme  velocity.  Certain  astronomical  observations  afford  the 
means  of  approximating  to  a  knowledge  of  this  velocity.  The  satellites  of 
Jupiter  revolve  about  the  planet  in  the  same  manner  as  the  moon  about 
the  earth,  and  the  time  of  revolution  of  each  satellite  is  exactly  known 
from  its  periodical  entry  into  or  exit  from  the  shadow  of  the  planet.  The 
time  required  by  one  is  only  42  hours.  ROmer,  the  astronomer  of  Copen- 
hagen, found  that  this  period  appeared  to  be  longer  when  the  earth,  in  its 
passage  round  the  sun,  moved  from  the  planet  Jupiter  ;  and,  on  the  con- 
trary, he  observed  that  the  periodic  time  appeared  to  be  shorter  when  the 
earth  moved  in  the  direction  towards  Jupiter,  The  difl"erence,  though 
very  small  for  a  single  revolution  of  the  satellite,  increases,  by  the  addi- 
tion of  many  revolutions,  during  the  passage  of  the  earth  from  its  nearest 
to  its  greatest  distance  from  Jupiter,  that  is,  in  about  half  a  year,  till  it 
amounts  to  16  minutes  and  16  seconds.  Rdmer  concluded  from  this,  that 
the  light  of  the  sun,  reflected  from  the  satellite,  required  that  time  to  pass 
through  a  distance  equal  to  the  diameter  of  the  orbit  of  the  earth ;  and 
since  this  space  is  little  short  of  200  millions  of  miles,  the  velocity  of  light 
cannot  be  less  than  200,000  miles  in  a  second  of  time.  It  will  be  scon 
hereafter  that  this  rapidity  of  transmission  is  rivalled  by  that  of  electricity. 
Another  astronomical  phenomenon,  observed  and  correctly  explained  by 
Bradley,  the  aberration  of  the  fixed  stars,  leads  to  the  same  result.  Physi- 
cists have,  moreover,  succeeded  in  measuring  the  velocity  of  light  for  ter- 
restrial, and  indeed  comparatively  small  distances  ;  the  results  of  these 
experiments  essentially  correspond  with  those  given  by  astronomical  ob- 
servations. 

REFLKCTioir.^When  a  ray  of  light  falls  upon  a  boundary  between  two 
media,  a  part  of  it,  and,  in  exceptional  cases,  the  whole,  is  reflected  into 
the  first  medium,  whilst  the  other  part  penetrates  into  the  second  medinm. 

The  law  of  regular  reflection  is  extremely  simple.  If  a  line  be  drawn 
perpendicular  to  the  surface  uiwn  which  the  ray  falls,  and  the  angle  con- 
tained between  the  ray  and  the  perpendicular  be  measured,  it  will  be  found 
that  the  ray,  after  reflection,  takes  such  a  course  as  to  make  with  the  per- 
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Fig.  40. 


pcBdicnlar  an  equal  angle  on  the  opposite  side  of  the  latter.     A  raj  of 

light,  B,  falling  at  the  point  p,  will  bo  rofiected  in  the  direction  pr',  making 

tho  angle  k'pp'  cqnal  to  the  angle  rpp'  ; 

&nd  a  ray  from  the  point  r  falling  upon 

th«  same  spot  will  be  reflected  to  r'  in 

virtae  of  the  same  law.   Further,  it  is  to 

be  observed,  that  the  incident  and  re- 

Hect^Mi  rajs  are  always  contained  in  the 

same  normal  plane. 

The  same  rule  holds  good  if  the  mirror 
be  curved,  as  a  portion  of  a  sphere,  the 
carve  being  considered  as  made  up  of  a 
mahitude  of  little  planes.  Parallel  rays 
cease  to  be  so  when  reflected  from  curved 
surfaces,  becoming  divergent  or  conver- 
gent according  as  the  reflecting  surface  is  convex  or  concave. 

Bodies  with  rough  and  uneven  surfaces,  the  smallest  parts  of  which  are 
inclined  towards  each  other  without  order,  reflect  the  light  diffused.  The 
perception  of  bodies  depends  upon  the  diflused  reflected  light. 


Fig.  41. 


Refraction.  —  It  has  just  been  stated  that  light  passes  in  straight 
lines ;  but  this  is  true  only  so  long  as  the  medium  through  which  it  travels 
prtfserves  the  same  density  and  the  same 
chemical  nature :  when  this  ceases  to  be  the 
case,  the  ray  of  light  is  bent  from  its  course 
into  a  new  one,  or  is  said  to  be  refracted. 

Let  R  (fig.  41)  be  a  ray  of  light  falling 
upon  a  plate  of  some  transparent  substance 
with  parallel  sides,  such  as  a  piece  of  thick 
plate  glass — in  short,  any  transparent  homo- 
geneous material  which  is  either  non-crystal- 
line, or  crystallizes  in  the  regular  system ;  and 
let  A  be  its  point  of  contact  with  the  upper 
surface.  The  ray,  inst(>^  of  holding  a  straight 
coarse  and  passing  into  the  glass  in  the  direc- 
tion A  B,  will  bo  bent  downwards  to  c ;  and,  on 
leaving  the  glass,  and  issuing  into  the  air  on 
the  other  side,  it  will  again  be  bent,  but  in  the  opposite  direction,  so  as  to 
make  it  parallel  to  the  continuation  of  its  former  track,  provided  there  be 
one  and  the  same  medium  on  the  upper  and  lower  side  of  the  plate.  The 
general  law  is  thus  expressed :  When  the  ray  passes  from  a  rare  to  a  denser 
medium,  it  is  usually  refracted  towards  a  line  perpendicular  to  the  surface 
of  the  latter ;  and  conversely,  when  it  leaves  a  dense  medium  for  a  rarer 
one,  it^  refracted  from  a  line  perpendicular  to  the  surface  of  the  denser 
8ul»tance ;  in  the  former  case  the  angle  of  incidence  is  greater  than  that 
of  refraction ;  in  the  latter,  it  is  less.  In  both  cases  the  direction  of  the 
refracted  ray  is  in  the  plane  r  a  s,  which  is  formed  by  the  falling  ray  and 
the  perpendicular  s  a  drawn  from  the  spot  where  tlie  ray  is  refracted ; 
the  angle  r  a  8  ss  b  a  s',  is  called  the  angle  of  incidence.  The  angle  gas' 
is  called  the  angle  of  refraction.  The  difference  of  these  two  angles,  that 
is,  the  angle  c  a  b,  is  the  refraction. 

The  amount  of  refraction,  for  the  same  medium,  varies  with  the  obliquity 
with  which  the  ray  strikes  the  surface.  When  perpendicular  to  the  latter, 
the  ray  passes  without  change  of  direction  at  all ;  and  in  other  positions, 
the  refraction  increases  with  the  obliquity. 

L«t  R  (fig.  42)  represent  a  ray  of  light  falling  upon  the  surface  of  a  mass 
of  plate  glass  at  the  point  a.     From  this  point  let  a  perpendicular  fall  and 
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Fig.  42. 


be  continued  into  the  new  medium,  and  around  the  same  point,  as  a  centre, 
let  a  circle  be  drawn.   According  to  the  law  just  stated,  the  refraction  must 

be  towards  the  perpendicular ;  in  the  direc- 
tion A  r',  for  example.  Let  the  lines  a— <t, 
a' — a',  at  right  angles  to  the  perpendicular, 
be  drawn,  and  their  length  compared  by 
means  of  a  scale  of  equal  parts,  and  noted  : 
their  length  will,  in  the  case  supposed,  be  in 
proportion  of  3  to  2.  These  lines  are  termed 
the  sines  of  the  angles  of  incidence  and  refrac- 
tion respectively. 

Now  let  another  ray  be  taken,  such  as  r ; 
it  is  refracted  in  the  same  manner  to  r',  the 
bending  being  greater  from  the  increased  ob- 
liquity of  the  ray ;  but  what  is  very  remark- 
able, if  the  sines  of  the  two  new  angles  of  in- 
cidence and  refraction  be  again  compared, 
they  will  still  be  found  to  bear  to  each  other 
the  proportion  of  3  to  2.  The  fact  is  expressed  by  saying,  that  so  long  as 
the  light  passes  from  one  to  the  other  of  the  same  two  media,  the  ratio  of 
the  sines  of  the  angles  of  incidence  and  refraction  is  constant.  This  ratio  is  called 
the  iwhx  of  refraction. 

Different  bodies  possess  different  refractive  i>owers ;  generally  speaking, 
the  densest  substances  refract  most.  Combustible  bodies  have  been  no- 
ticed to  possess  greater  refractive  power  than  their  density  would  indicate, 
and  from  this  observation  Newton  predicted  the  combustible  nature  of  the 
diamond  long  before  anything  was  known  respecting  its  chemical  nature. 
The  method  adopted  for  describing  the  comparative  refractive  power  of 
different  bodies,  is  to  state  the  ratio  borne  by  the  sine  of  the  angle  of  inci- 
dence in  the  first  medium  at  the  boundary  of  the  second,  to  the  sine  of 
the  angle  of  refraction  in  this  second  medium ;  this  is  called  the  index  of 
refractiofi  of  the  two  substances  ;  it  is  greater  or  less  than  unity,  according 
as  the  second  medium  is  denser  or  rarer  than  the  first.  In  the  case  of  air 
and  plate  glass  the  index  of  refraction  is  1.6. 

When  the  index  of  refraction  of  any  particular  substance  is  once  known, 
the  effect  of  the  latter  upon  a  ray  of  light  entering  it  in  any  position  can 
be  calculated  by  the  law  of  sines.  The  following  table  exhibits  the  indices 
of  refraction  of  several  substances,  supposing  the  ray  to  pass  into  them 
from  the  air  :— 


SubstAnoes. 

Tabaaheer* 
Ice    . 
Water 
Fluor  spar 
Plate  glass 
Rock-crystal 
Chrysolite 


Index  of  refraotlon. 

.  1.10 

.  1.30 

.  1.34 

.  1.40 

.  1.50 

.  1.60 

.  1.69 


Bisulphide  of  carbon    1.70 


Index  of  refrnotlon. 
.     1.80 


Substances. 
Garnet 
Glass  with  much  ox- 
ide of  lead  .  .  1.90 
Zircon  .  .  .  2.00 
Phosphorus  .  .  2.20 
Diamond  .  .  .2.50 
Chromate  of  lead  .  3.00 
Cinnabar .         .  .  3.20 


When  a  luminous  ray  enters  a  mass  of  substance  differing  in  refractive 
I)ower  from  the  air,  and  whose  surfaces  are  not  parallel,  it  becomes  per- 
manently deflected  from  its  course  and  altered  in  its  direction.  It  is  upon 
this  principle  that  the  properties  of  prisms  and  lenses  dei)end.  To  take 
an  example  :    Figure  43  represents  a  triangular  prism  of  glass,  upon  the 

*  ▲  sUiceouf  deposit  in  the  Joints  of  the  bamboo. 
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side  of  which  the  ray  of  light  b  may  be  supposed  FU?.  ^ 

to  fall.  This  ray  will  of  course  be  refracted,  on 
enk^ring  the  glass,  towards  a  line  perpendicular 
to  the  first  surface,  and  again,  from  a  line  per- 
pendicular to  the  second  surface,  on  emerging 
into  the  air.  The  result  is  the  deflection  a  c  r, 
which  is  equal  to  the  sum  of  the  two  deflections 
which  the  ray  undergoes  in  passing  through  the  prism. 

A  convex  lens  is  thus  enabled  to  converge  rays  of  light  falling  upon  it, 
and  a  concave  lens  to  separate  them  more  widely  ;  each  separate  part  of 
the  surface  of  the  lens  producing  its  own  independent  effect. 

Dispersion. — ^The  light  of  the  sun  and  celestial  bodies  in  general,  as 
well  as  that  of  the  electric  spark  and  of  all  ordinary  flames,  is  of  a  com- 
pound nature.  If  a  ray  of  light  from  any  of  the  sources  mentioned  be 
admitted  into  a  dark  room  by  a  small  hole  in  a  shutter,  or  otherwise,  and 
suffered  to  fall  upon  a  glass  prism,  in  the  manner  shown  in  fig.  44,  it  will 

Fig.  44. 


not  only  be  refracted  ft^m  its  straight  course,  but  will  be  decomposed  into 
a  number  of  colored  rays,  which  may  be  received  upon  a  white  screen 
placed  behind  the  prism.  When  solar  light  is  employed,  the  colors  are 
extremely  brUliaut,  and  spread  into  an  oblong  space  of  considerable 
length. 

The  prism  being  placed  with  its  base  upwards,  as  in  fig.  44,  the  upper 
part  of  this  image,  or  spectrum^  will  be  violet  and  the  lower  red,  the  inter- 
mediate portion,  commencing  from  the  violet,  being  indigo,  blue,  green, 
yellow,  and  orange,  all  graducating  imperceptibly  into  each  other.  This  is 
the  celebrated  experiment  of  Sir  Isaac  Newton  ;  from  it  he  drew  the  infer- 
ence that  white  light  is  composed  of  seven  primitive  colors,  the  rays  of 
which  are  differently  refrangible  by  the  same  medium,  and  hence  capable 
of  being  thus  separated.  The  violet  rays  are  most  refrangible,  and  the  red 
rays  least.* 

Bodies  of  the  same  refractive  power  do  not  always  equally  disperse  or 
spread  out  the  differently  colored  rays  to  the  same  extent ;  because  the 
principal  yellow  or  red  rays,  for  instance,  are  equally  refracted  by  two 
prisms  of  different  materials,  it  does  not  follow  that  the  blue  or  the  violet 
will  be  similarly  affected.     Hence,  prisms  of  different  varieties  of  glass,  or 

*  The  colom  of  natnrnl  objects  are  supposed  to  result  from  the  power  possessed 
by  their  Burfaces  of  absorbing  some  of  the  colored  rays,  while  they  reflect  or 
tmniimit,  as  the  case  miy  bo,  the  remainder  of  the  rays.  Thus  an  object  appears 
red  l>ecause  it  absorba  or  oaunes  to  disappear  the  yellowr  and  blue  rays  composing 
the  white  lljjht  by  which  It  is  illuminated.  Any  color  which  remnins  after  the 
de«luetonof  another  color  from  white  llpht,  Is  snid  to  be  complementary  to  the 
latter.  Complementary  colore,  when  actinj?  slmultaneouHly.  reproduce  white 
li|?ht.  Thus,  in  the  example  alrendy  quoted,  red  and  preen  nre  complementary 
colora.  The  fact  of  complementary  colors  f^ivinp  rise  to  white  light  msy  be 
reidlly  Illustrated  by  mlxlnir  in  appro]>riste  quantities  a  rose-red  solution  of 
cobalt  and  green  solution  of  nickel ;  the  resulting  liquid  is  nearly  colorless. 
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other  transparent  substances,  give,  under  similar  circumstances,  very 
different  spectra,  both  as  respects  the  length  of  the  image,  and  the  relative 
extent  of  the  colored  bands. 

The  appearance  of  the  spectrum  may  also  vary  with  the  nature  of  the 
source  of  light :  the  investigation  of  these  differences,  however,  involves 
the  use  of  a  more  delicate  apparatus.     Fig.  45  shows  the  principle  of  such 

Fig.  45. 


an  apparatus,  which  is  called  a  spectroscope.  The  light,  passing  through 
a  fine  slit,  s,  impinges  upon  a  flint-glass  prism,  /?,  by  which  it  is  dispersed. 
The  decomposed  light  emerges  from  the  prism  in  several  directions  between 
r  (red  rays)  and  v  (violet  rays)  ;  and  the  spectrum  thus  produced  is  ob- 
served by  the  telescope,  <,  which  receives  only  part  of  it  at  once  ;  but  the 
several  parts  may  be  readily  examined  by  turning  slightly  either  the  prism 
or  the  telescope. 

If  the  solar  spectrum  be  examined  in  this  manner,  numerous  dark  lines 
parallel  with  the  edge  of  the  prism  are  observed.  They  were  discovered 
in  1802  by  Dr.  WoUaston,  and  sulwequently  more  minutely  investigated 
by  Fraunhofer.  They  are  generally  known  as  Fraunhofer's  lines.  These 
dark  lines,  which  exist  in  great  numbers,  and  of  varying  strength,  are 
irregularly  distributed  over  the  whole  spectrum.  Some  of  them,  in  con- 
sequence of  their  peculiar  strength  and  their  relative  position,  may  always 
be  easily  recognized  ;  the  more  conspicuous  are  represented  in  fig.  46,  and 
in  the  frontispiece.     The  same  dark  lines,  though  paler,  and  much  more 
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difficult  to  recognize,  are  ol>served  in  the  spectrum  of  planets  lighted  by 
the  sun  ;  for  instance,  in  the  light  emanating  from  Venus.  On  the  other 
hand,  the  dark  lines  observed  in  the  spectra  which  are  produced  by  the 
light  emanating  from  fixed  stars — from-  Sirius,  for  instance— differ  in  posi- 
tion from  those  previously  mentioned. 

Sources  of  light  which  contain  no  volatile  constituents — incandescent 
platinum  wire,  for  examph* — ^furnish  continuous  spectra,  exhibiting  no 
such  lines.  But  if  volatile  substances  be  present  in  the  source  of  light, 
bright  lines  are  observed  in  the  spectrum,  which  are  frequently  character- 
istic of  the  volatile  substances. 

Prof(»8sor  PlGc'ker,  of  Bonn,  has  investigated  the  spectra  which  are  pro- 
duced by  the  electric  light  when  developed  in  very  rarefied  gases.  He 
found  the  bright  lines  and  the  dark  stripes  betwe*^n  the  lines  varying  con- 
siderably with  different  gases.  When  the  electric  light  was  develojwd  in 
a  mixture  of  two  gases,  the  spectrum  thus  obtained  exhibited  simultiine- 
ously  the  peculiar  spectra  belonging  to  the  two  gases  of  which  the  mixture 
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cniutisted.  When  tlie  eipetiment  was  made  in  gaseous  compounds  capalile 
of  b^ing  decompostMl  by  the  elNtriL^  currt^nt,  thia  douontpoaition  Was  iiidi- 
citwl  by  thu  spectra  of  the  separated  const! tuKnts  beL-omiug  perceptible. 

Many  Tears  ajjo,  the  spectra  of  colored  flames  were  exsmintid  by  Sir 
John  Uencliul,  Fox  Talbot,  and  W.  A.  Miller.  Williin  the  last  few  years 
results  of  the  great<«t  importance  bare  boen  obtained  by  Kirchboff  and 
Bun^en,  who  have  inrestigatwl  tlie  spectra  furnished  by  the  incandescence 
of  volatile  ttabstances  ;  these  researches  have  enriched  chemistry  with  a 
otw  mellioil  of  analysis,  the  analyais  by  spectrum  obserratious.  In  order 
to  recngnim  one  of  the  metals  of  the  alkalies  or  of  the  alkaline  earths,  it 
is  generally  sufficient  to  introduce  a  minute  quantity  of  a  moderately  vola- 
tile coinpounil  of  the  metal,  on  the  loop  of  a  platinum  wire,  into  the  edge 
of  the  very  hot,  but  scarcely  lucninous  flame,  of  a  mixture  of  air  and  coal- 
gas,  and  to  examine  the  spectrum  which  is  furnished  by  the  flame  con- 
taining  the  vapor  of  the  metal  or  its   compound.     Fig.  47   exhibits   the 


mpparatoB  whioh  is  used  in  performing  experiments  of  this  description. 
The  light  of  the  Same  in  which  the  metallic  compound  is  evaporatisl  posst-s 
thruDgh  the  fine  Blit  in  the  dish,  r,  into  a  tube,  the  opposite  end  of  wliich 
is  provided  with  a  convex  lens.  This  leos  collects  the  rays  diviTging  from 
the  slit,  and  throws  them  parallel  upon  the  prism,  p.  The  light  is  decom- 
posed by  the  prism,  and  the  spuctrnra  thus  obtained  is  observed  by  means 
of  the  ti'lescope,  which  may  lie  turned  round  the  axis  of  the  stand  carry- 
ing the  prism.     Foreign  light  is  excluded  hy  an  appropriate  covering. 

The  limila  of  this  elemenUry  treatise  do  not  permit  us  to  dr-nc ribo  the 
injcenions  arrangementa  which  have  bei-n  contrived  for  sending  the  light 
from  different  sooroes  through  the  same  prism  aldilferi'nt  heights,  whiTcby 
their  spectra,  the  aolar  spectrum,  for  instance,  and  thai  of  a  Harae,  mav  bo 
platsed  in  a  parallel  position,  the  one  above  tlie  other,  and  thus  be  com- 
pared.* The  spectra  of  flames  in  which  different  substances  are  volaliliied 
frequently  exhibit  BDoh  charncleristically  distinct  phenomena,  that  they 
nuiy  be  used  with  the  greatest  advantage  for  the  discrimination  of  th'^te 
aiibetance«.  Thus  the  spectrum  of  a  flame  containing  sodium  (Sa)  exhibits 
»  bright  line  on  the  yellow  portion,  the  spectrum  of  potaaaiuiu  (K)  a  char- 
acteristic bright  line  at  the  extreme  limit  of  tlie  red,  and  an<itlier  at  the 

•  Sre  the  *rtlele"SpectralAaslyili,"b]r  Prof.  Roacoe,  laWatls's  lilallunnry  of 
CliciaUIrr,  ToL  t. 
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opposite  violet  limit  of  the  spectrum.  Lithinm  (Li)  shows  a  bright  bril- 
liant lino  in  the  red,  and  a  paler  line  in  the  yellow  portion  ;  strontiijm 
(Sr)  a  bright  line  in  the  blue,  one  in  the  orange,  and  six  loss  distinct  ones 
in  the  red  portion  of  the  spectrum.  The  frontispiece  exhibits  the  most 
remarkable  of  the  dark  lines  of  the  solar  spectrum  (Fraunhofer's  lines), 
and  the  position  of  the  bright  lines  in  the  spectra  of  flames  containing  the 
vapors  of  compounds  of  the  metals  of  the  alkalies  and  alkaline  earths,  also 
of  the  metals  thallium  and  indium. 

The  delicacy  of  these  spectral  reactions  is  very  considerable,  but  unequal 

in  the  case  of  different  metals.     The  presence  of  erain  of  so- 

200,000,000   * 

dium  in  the  flame  is  still  easily  recognizable  by  the  bright  yellow  line  in 
the  spectrum.  Lithium,  when  introduced  in  the  form  of  a  volatile  com- 
pound, imparts  to  the  flame  a  red  color  ;  but  this  coloration  is  no  longer 
perceptible  when  a  volatile  sodium  compound  is  simultaneously  present, 
the  yellow  coloration  of  the  flame  predominating  under  such  circumstances. 
But  when  a  mixture  of  one  part  of  lithium  and  1000  parts  of  sodium  is 
volatilized  in  a  flame,  the  spectrum  of  the  flame  exhibits,  together  with 
the  bright  yellow  sodium  line,  likewise  the  red  line  characteristic  of 
lithium.  The  observation  of  bright  lines  not  belonging  to  any  of  the  pre- 
viously known  bodies  has  led  to  the  discovery  of  new  elements.  Thus, 
Bunsen  and  Kirchhoff,  when  examining  the  spectrum  of  a  flame  in  which  a 
mixture  of  alkaline  salt  was  evaporated,  observed  some  bright  lines,  which 
could  not  be  attributed  to  any  of  the  known  elements,  and  were  thus  led 
to  the  discovery  of  the  two  new  metals,  cscsium  and  rubidium.  By  the 
same  method  a  new  element,  thallium,  has  been  more  recently  discovcrrd 
by  Mr.  Crookes  ;  another,  called  indium,  by  Reich  and  Richter ;  and  a 
third,  called  gallium,  by  Lecoq  de  Boisbaudran. 

For  tlie  examination  of  the  bright  lines  in  the  spectra  of  metals,  the 
electric  spark,  passing  between  two  points  of  the  metal  under  examination, 
may  be  conveniently  employed  as  a  source  of  light.  Small  quantities  of 
the  metal  are  invariably  volatilized  ;  and  the  spectrum  developed  by  the 
electric  light  exhibits  the  bright  lines  characteristic  of  the  metal  employed. 
These  lines  were  observed  by  Wheatstone  as  early  as  1835.  This  method 
of  investigation  is  more  especially  applicable  to  the  examination  of  the 
spectra  of  the  heavy  metals . 

By  a  series  of  theoretical  considerations,  Professor  Kirchhoff  has  arrived 
at  the  conclusion  that  the  sx)ectrum  of  an  Incandescent  gas  is  reversed — 
t.  c,  that  the  bright  lines  become  dark  lines — ^if  there  be  behind  the 
incandescent  gas  a  very  luminous  source  of  light,  which  by  itself  furnishes 
a  continuous  spectrum.  Kirchhoff  and  Bunsen  have  fully  confirmed  this 
conclusion  by  experiment.  Thus  a  volatile  lithium  salt  produces,  as  just 
pointed  out,  a  very  distinct  bright  line  in  the  red  portion  of  the  spectrum; 
but  if  bright  sunlight,  or  the  light  emitted  by  a  solid  body  heated  to  tlie 
most  jwwerful  incandescence,  be  allowed  to  fall  through  the  flame  upon 
the  prism,  the  spectrum  exhibits,  in  the  place  of  this  bright  line,  a  black 
line  similar  in  every  respect  to  Fraunhofer's  lines  in  the  solar  spectrum. 
In  like  manner  the  bright  strontium  line  is  reversed  into  a  dark  line. 
Kirchhoff  and  Bunsen  have  expressed  the  opinion  that  all  the  Fraunhofor 
lines  in  the  solar  spectrum  are  bright  lines  thus  reversed.  In  their  con- 
ception, the  sun  is  surrounded  by  a  luminous  atmosphere,  containing  a 
certain  number  of  volatilized  substances,  which  would  give  rise  in  the 
spectrum  to  certain  bright  lines,  if  the  light  of  the  solar  atmosphere  alone 
could  reach  the  prism ;  but  the  intense  light  of  the  powerfully  incandes- 
cent body  of  the  sun,  which  passes  through  the  solar  atmosphere,  causes 
these  bright  lines  to  be  reversed  and  to  appear  as  dark  lines  on  the  crdinary 
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soIat  spectrnm.     Kircbhoff  and  Bunsen  have  thns  been  enabled  to  attempt 

the  investigation  of  the  chemical  constituents  of  the  solar  atmosphere,  hy 

ascertaining  the  elements  which,  when  in  the  state  of  incandescent  vapor, 

derelop  bright  spectral  lines,  coinciding  with  Fraunhofer's  linos  in  the 

Eolar  spectrum.     Fraunhofer's  line  D  (lig.  4G)  coincides  most  accurately 

with  the  bright  spectral  line  of  sodium,  and  may  be  artificially  produced 

by  reversing  the  latter  ;  sodium  would  thus  appear  to  be  a  constituent  of 

the  solar  atmosphere.     Kirchhoff  has  proved,  moreover,  that  sixty  bright 

lin»  perceptible  in  the  spectrum  of  iron  correspond,  both  as  to  position 

and  distinction,  most  exactly  with  the  same  number  of  dark  lines  in  the 

solar  spectrum,  and,  accordingly,  he  believes  iron,  in  the  state  of  va})or, 

to  be  present  in  the  solar  atmosphere.     In  a  similar  manner  this  physicist 

lus  endeavored  to  establish  the  presence  of  several  other  elements  in  the 

solar  atnoosphere. 

Absorption  Spectra, — ^The  relative  quantities  of  the  several  colored  rays 
absorb^  by  a  colored  medium  of  given  thickness  may  be  observed  by 
viewing  a  line  of  light  through  a  prism  and  the  colored  medium ;  the 
spectrum  will  then  be  seen  to  be  diminished  in  brightness  in  some  parts, 
and  perhaps  cut  olT  altogether  in  others.  This  mode  of  observation  is 
often  of  great  use  in  chemical  analysis,  as  many  colored  sul)stances  when 
thus  examined  afford  very  characteristic  spectra,  the  peculiarities  of  which 
may  often  be  distinguished,  even  though  the  solution  of  the  substance 
under  examination  contains  a  sufficient  amount  of  colored  impurities  to 
change  its  color  very  considerably.  The  following  method  of  making  the 
observation  is  given  by  Professor  Stokes.* 

A  small  prism  is  to  be  chosen  of  dense  flint  glass,  ground  to  an  angle  of 
6(P,  and  just  large  enough  to  cover  the  eye  comfortably.  The  top  and 
bottom  should  be  flat,  for  convenience  of  holding  the  prism  between  the 
thumb  and  forefinger,  and  laying  it  down  on  a  table  so  as  not  to  scratch  or 
soil  the  faces.  A  fine  line  of  light  is  obtained  by  making  a  vertical  slit  in 
a  board  six  inches  square,  or  a  little  longer  in  a  horizontal  direction,  and 
adapting  to  the  aperture  two  pieces  of  thin  metal.  One  of  the  metal  pieces 
is  movable,  to  allow  of  altering  the  breadth  of  the  slit.  About  the  fiftieth 
of  an  inch  is  a  suitable  breadth  for  ordinary  purposes.  The  board  and 
metal  pieces  should  be  well  blackened. 

On  holding  the  board  at  arm's  length  against  the  sky  or  a  luminous 
flame,  the  slit,  being,  we  will  suppose,  in  a  vertical  direction,  and  viewing 
the  line  of  light  thus  formed  through  the  prism  held  close  to  the  eye,  with 
its  edge  vertical,  a  pure  spectrum  is  obtained  at  a  proper  azimuth  of  the 
prism.  Turning  the  prism  round  its  axis  alters  the  focus,  and  the  proper 
focus  ifl  got  by  trial.  The  whole  of  the  spectrum  is  not,  indeed,  in  perfect 
focus  at  once,  so  that  in  scrutinizing  one  part  after  another,  it  is  requisite 
to  turn  the  prism  a  little.  When  daylight  is  used,  the  spectnim  is  known 
to  be  pure  by  its  showing  the  principal  fixed  lines ;  in  other  cases  the  focus 
is  got  by  the  condition  of  seeing  distinctly  the  other  objects,  wliatovcr  they 
may  be,  which  are  presented  in  the  spectrum.  To  observe  the  absorption 
spf^rum  of  a  liquid,  an  elastic  band  is  put  round  the  board  near  the  top, 
and  a  tost-tube  containing  the  liquid  is  slipped  under  the  band,  which 
holds  it  in  its  place  behind  the  slit.  The  spectrum  is  then  observed  just 
as  before,  the  test-tube  being  turned  from  the  eye. 

To  observe  the  whole  progress  of  the  absorption,  different  de^rrees  of 
strength  must  be  used  in  succession,  beginning  with  a  strength  which  does 
not  render  any  part  of  the  spectrum  absolutely  black,  unless  it  be  one  or 
more  very  narrow  bands,  as  otherwise  the  most  distinctive  features  of  the 

*  Chem.  Soc.  Journ.,  xvli.  306. 
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absorption  might  beinissod.  If  the  Bolntion  be  contsjneil  in  a  wedge-shaped 
voSBel  inatoadof  a  tctat-tube,  the  progress  of  the  ntnorption  mnj  be  watcliod 
in  a  contiiiQous  manner  by  sliding  the  vessel  before  tlio  ej'e.  Some  ob- 
servers prefer  using  a  nedge-ahapcd  vessel  in  combination  with  the  slit, 
the  slit  being  perpendicular  to  the  edge  of  the  wedge.  In  tliis  cose  each 
element  of  the  slit  [orms  an  elementary  spectrum  corresponding  with  a 
thickness  of  the  aolntion  wliieh  increases  in  a  continuous  manner  from  the 
edge  of  the  wedge,  whore  it  vanishes.  This  ia  the  mode  of  observation 
adopted  hy  Gladatone.* 

Fig.  48  represents  tlie  effect  produced  in  this  way  by  a  solution  of  ehro- 
mie  chloride,  and  fig.  49  that  produced  by  a  solution  of  potnssium  perman- 
ganate. 

Ftg.  tt.  Tig.  ta. 


The  right  hand  side  of  these  flgnrea  oorreaponds  with  the  red  end  of 
the  spectrum ;  tlio  letters  refer  to  t'raunhofer's  lines.  The  lowyr  part  of 
oaeh  figure  shows  the  pure  spectrum  seen  through  the  thinnest  part  of  the 
wedge;  and  the  progress  of  the  absorption,  as  the  thickness  of  the  liquid 
increases,  is  seen  by  the  gradual  obliteration  of  the  spectrum  towards  the 
upper  pu^  of  the  flgutee. 

FJnoreseenix, — An  examination  into  a  peculiar  mode  of  analysis  of  light, 
discovered  by  Sir  Jolin  Uersclicl,  in  a  solution  of  quinine  sulphate,  bos 
within  the  last  few  years  led  to  the  discovery  of  a  most  remarkable  fact. 
ProfuBsor  Stokes  has  observed  that  liglit  of  certain  rcfrangibility  and  onlor 
is  capable  of  experiencing  a  pocnliar  influence  in  being  dispersed  by  cer- 
tain  media,  and  of  undergoing  thereby  an  alteration  of  its  refi-angibility 
and  color.  This  curious  change,  called  fluorescence,  can  be  produced  by  a 
great  number  of  bodies,  both  liquid  and  solid,  transparent  and  opaque. 
Frequently  tlio  change  affects  only  the  extreme  limits  ;  at  other  times 
lorger  portions  ;  and  in  a  few  cases  even  the  whole,  or,  at  all  events,  the 
major  port  of  the  spectrum.  A  dilute  solution  of  quinine  sulphate,  for 
instance,  changes  the  violet  and  dark-blue  light  to  sky-bine;  byadeooction 
of  madder  iu  a  solution  of  alum  all  rays  of  higher  refrangibilily  than  yel- 
low are  converted  into  yellow;  by  an  alcoholic  solution  of  tlie  coloring 
matter  of  leaves,  all  the  rays  of  the  spectrum  lieeome  red.  In  all  cases  in 
wliich  tliis  peculiar  phenomenon  presented  itself  in  a  greater  or  leas  d^rree, 
Mr.  Stokes  observed  that  it  consisted  in  a  diminution  of  tlie  rofrangibility. 
Thus,  rays  of  so  high  a  degree  of  rofrangibility,  that  they  extend  far  beyond 
the  extreme  limits  of  the  spectrum  visible  under  ordinary  cireumslnnces, 
may  Ira  rendered  luminous,  and  converted  into  blue  and  even  rod  light. 

»  Uhem.  Sm.  Journ.,  x.  T». 
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DoTBLE  REPRACT105  AND  POLARIZATION  .-^A  raj  of  common  light  made  to 
pass  throagh  certain  crystals  of  a  particular  order  is  found  to  undergo  a 
Terj  remarkable  change.  It  becomes  split  or  divided  into  two  rays,  one 
of  which  follows  the  general  law  of  refraction,  while  the  other  takes  a  new 
and  extraordinary  course,  dependent  on  the  position  of  the  crystal.  This 
edect,  which  is  called  double  refraction,  is  beautifully  illustrated  in 
the  case  of  Iceland  spar,  or  crystallized  calcium  carbonate.  On  placing  a 
rh(Hnb  of  this  substance  on  a  piece  of  white  paper  on  which  a  mark  or  line 
has  been  made,  the  object  will  be  seen  double. 

Again,  if  a  ray  of  light  be  suffered  to  fall  on  a  plate  of  glass  at  an  angle 
of  560  45',  the  portion  of  the  ray  which  suffers  reflection  will  be  found  to 
haye  acquired  properties  which  it  did  not  before  possess ; 
for  on  throwing  it,  at  the  same  angle,  upon  a  second 
glads  plate,  it  will  be  observed  that  there  are  two  par< 
ticular  positions  of  the  latter,  namely,  those  in  which 
the  planes  of  incidence  are  at  right  angles  to  one  another, 
when  the  ray  of  light  is  no  longer  reflected,  but  entirely 
refracted.  Light  which  has  suffered  this  change  is  said 
to  he  polarized. 

The  light  which  passes  through  the  first  or  i)oIarizing 
plate  is  also,  to  a  certain  extent,  in  this  peculiar  con- 
dition, and  by  employing  a  series  of  similar  plates  held 
parallel  to  tlie  first,  this  effect  may  be  greatly  increased ; 
a  bundle  of  fifteen  or  twenty  such  plates  may  be  used 
witli  great  convenience  for  the  experiment.  It  is  to  be 
remarked,  also,  that  the  light  polarized  by  transmission 
in  this  manner  is  in  an  opposite  state  to  that  polarized 
by  reflec^on  :  that  is,  when  examined  by  a  second  or  analyzing  plate,  held 
at  the  angle  before  mentioned,  it  will  be  seen  to  be  reflected  when  the 
other  is  transmitted,  and  to  be  dispersed  when  the  first  is  reflected. 

It  is  not  every  substance  that  is  capable  of  polarizing  light  in  this 
manner ;  glass,  water,  and  certain  other  bodies  bring  about  the  change  in 
question,  each  having  a  particular  polarizing  angle  at  which  the  eff'ect  is 
greatest.  For  each  transparent  substance  the  polarizing  angle  is  that  at 
which  the  reflected  and  refracted  rays  are  perpendicular  to  each  other. 
Metals  can  also  polarize  light,  by  reflection,  but  they  do  so  very  imperfectly. 
The  two  rays  into  which  a  pencil  of  common  light  divides  itself  in  pass- 
ing through  a  doubly-refraoting  crystal  are  found,  on  examination,  to  be 
polarized  in  a  very  complete  manner,  and  also  transversely,  the  one  being 
capable  of  reflection  when  the  other  vanishes  or  is  transmitted.  The  two 
rays  are  said  to  be  polarized  in  opposite  directions.  With  a  rhomb  of 
transparent  Iceland  spar  of  tolerably  large  dimensions,  the  two  oppositely 
polarized  rays  may  be  widely  separated  and  examined  apart. 

Certain  doubly-refracting  crystals  absorb  one  of  these  rays,  but  not  the 
other.  Through  a  plate  of  such  a  crystal  one  ray  passes  and  becomes 
entirely  polarized ;  the  other,  which  is  likewise  polarized,  but  in  another 
plane,  ia  removed  by  absorption.  The  best  known  of  these  media  is  tour- 
maline. When  two  plates  of  this  mineral,  cut  parallel  to  the  axis  of  the 
crystal,  are  held  with  their  axes  parallel,  as  in  fig.  51,  light  traverses  them 
both  freely ,  but  when  one  of  them  is  turned  round  in  the  manner  shown 
in  fig.  52,  so  as  to  make  tlio  axes  cross  at  right  angles,  the  light  is  almost 
wholly  stopped,  if  the  tourmalines  are  good.  A  plate  of  the  mineral  thus 
becomes  an  excellent  test  for  discriminating  between  polarized  light  and 
that  which  has  not  undergone  the  change. 

Instead  of  the  tourmaline  plate,  which  is  always  colored,  frequent  use 
is  made  of  two  Nichol's  prisms,  or  conjoined  prisms  of  calcium  carbonate, 
wliich,  in  consequence  of  a  peculiar  cutting  and  combination,  possess  th9 


property  of  allowing  onlj  one  of  the  oppoaitclj  polarized  rays  to  pass.  A 
more  odvontagcoua  method  of  cutting  and  combining  prisma  has  b«en 
given  by  M.  Foucault.  Uis  prisms  am  as  ai-rviccablo  as,  and  leau  citpon- 
Bive  than,  those  of  Kithol.     If  two  Nichol'aor  l-'oucault's  prisma  bu  placed 


one  behind  the  other,  in  preoiaelj  similar  positiona,  the  light  polariied  by 
the  one  goes  through  the  other  nnalturvd.  But  when  ouu  prism  is  slightly 
turned  round  ia  its  setting,  a  cloudiucss  is  produced ;  and  by  continuing 
to  turn  the  prism,  thia  increases  until  perfect  darkness  ensuea.  This 
happens,  as  with  the  tourmaline  platen,  when  the  two  prisms  cross  onu 
another.     The  phenomenon  ia  the  same  with  colorless  as  with  colored  light. 

Circular  Rilariialion. — Supposing  that  polarized  light,  colored,  for  ex- 
ample, by  going  through  a  plate  of  red  glass,  has  passi'd  through  the  first 
Nichol's  prism,  and  bocn  altogetlier  obstructed  in  oouBequenou  of  the  posi- 
tion of  the  second  priam,  then,  if  between  the  two  prisma  a  plate  of  rock- 
crystal,  formed  Ijy  a  section  at  right  angles  to  the  princip^  axis  of  the 
crystal,  be  interposed,  the  light  polariieci  by  the  first  prism  will,  by  pass- 
ing through  the  plate  of  quarts,  be  enabled  partially  to  pass  through  the 
second  Nichol's  prism.  Its  passage  through  the  second  prism  can  then 
again  be  interrupted  by  turning  the  second  prism  round  to  a  certain 
extent.  The  rotation  required  varies  with  the  lliickness  of  the  plate  of 
rock-crystal,  and  with  the  color  of  the  light  employed.  It  increases  from 
red  in  the  following  order — yellow,  green,  blue,  violet. 

This  properly  of  rock-crystal  was  disoorered  by  Arago.  The  bind  of 
polarization  haa  been  called  circular  polarization.  The  direction  of  the 
rotation  is  with  many  plates  towards  the  right  hand ;  in  otlicr  plates  it  is 
towards  the  left.  Tlie  one  class  ia  said  to  possess  right-handed  polariza- 
tion, or  to  be  deztrorolafory  01  datrogijrale.;  the  other  clnaa,  to  posaess  left- 
handed  polarization,  or  to  be  lerorolalori/  or  leiitgipvle.  For  a  long  time 
quartz  was  the  only  solid  body  known  to  exhibit  circular  polarization. 
Otlicrs  have  since  been  found  which  posaess  this  property  in  a  far  higher 
degree.  Thus,  a  plate  of  cinnabar  acts  fifteen  times  more  powerfully  than 
a  plate  of  quartz  of  equal  thickness, 

Biot  observed  that  many  solutions  of  oi^anio  substances  exhibit  the 
property  of  circular  polarization,  though  lo  a  far  less  extent  than  rock- 
crystal.  Thus,  solutions  of  cane-sugar,  glucose,  and  tartaric  acid,  possess 
right-handed  polarization  ;  whilst  albumin,  uncryatallizablo  sugar,  and  oil 
of  turpentino,  ore  left-handed.  In  all  these  solutions  the  amount  of  circular 
polarization  increases  with  the  concentration  of  the  liqnid,  and  the  tlvick- 
neaa  ot  the  column  through  which  the  light  passes.  Hence,  eirciilar 
polarization  is  an  important  auxiliary  In  chemical  analysis.  In  order  to 
determine  the  amount  of  polarization  which  any  liquid  exhibits.  It  te  put 
into  a  glass  tube  not  leas  than  from  ten  to  twelve  inches  long,  which  is 
closed  with  glass  plates.  This  is  then  placed  betwn'n  the  two  Kichnl's 
prisma,  which  have  previonsly  been  So  arranged  with  regard  to  each  other 
that  no  liglit  could  pass  througli.     An  apparatus  of  tliia  description,  the 
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Baccharimeter,  is  used  for  determining  the  concentration  of  solutions 
of  eane-^sugar. 

The  form  of  tliis  instrnment  is  shown  in  fig.  53.  Tlie  two  Nichol's 
prisms  are  inclosed  in  the  corresponding  fastenings  a  and  b.  Between  the 
two  there  is  a  space  to  receive  the  tube,  which  is  filled  with  the  solution 
of  sugar.     If  the  prisms  are  crossed  in  the  way  above  mentioned  before 
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the  tube  is  put  in  its  place,  that  is,  if  they  are  placed  so  that  no  light 
pajsses  them,  then,  hy  tlie  action  of  the  solution  of  sugar,  the  light  is 
enabled  to  pass,  and  the  Nichol's  prism,  a,  must  be  turned  through  a 
certain  angle  before  the  light  is  again  perfectly  stopped.  The  magnitude 
of  this  angle  is  observed  on  the  circular  disk  s  «,  which  is  divided  into 
degrees,  and  upon  which,  by  the  turning  of  the  prism,  an  index  z  is 
moved  along  the  division.  When  the  tube  is  exactly  ten  inches  long,  and 
closed  at  both  ends  by  flat  glass  plates,  and  when  it  is  filled  with  solution 
containing  10  per  cent,  by  weight  of  cane-sugar,  and  free  from  any  other 
substance  possessing  an  action  on*  light,  the  angle  of  rotation  for  the 
middle  yellow  ray  is  19.6*^.  Now,  the  magnitude  of  this  angle  is  directly 
proportional  to  the  length  of  the  column  of  liquid,  and  also  to  the  quan- 
tity of  sugar  in  solution.  If,  therefore,  a  solution  containing  z  per  cent. 
by'  weight  of  sugar  in  a  tube  /  inches  long,  produce  a  rotation  equal  to  a 
degrees,  the  percentage  of  sugar  will  be  given  by  the  equation— 
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This  process  is  not  sufficient  when  the  solution  contains  cane-sugar  and 
iincrystallizable  sugar  ;  for  the  latter  rotates  the  ray  to  the  left ;  in  that 
case  only  the  difference  of  the  two  actions  is  obtained.  But  if  the  whole 
quantity  of  sugar  be  changed  into  uncrystallizable  sugar,  and  the  experi- 
ment be  repeatedi  then  from  the  results  of  the  two  observations  the  quan- 
tity of  both  kinds  of  sugar  can  easily  be  calculated. 

It  is  difficult  to  find  exactly  that  position  of  the  Nichol's  prisms  in  which 
the  greatest  darkness  prevails.  To  make  the  measurements  more  exact 
and  easy,  Soleil  has  made  some  additions  to  the  apparatus.  At  9,  before 
the  prism  6,  a  plate  of  rock-crystal  cut  at  right  angles  to  the  axis  is  placed. 
It  is  divided  in  the  centre  of  the  field  of  vision,  half  consisting  of  quartz 
rotating  to  the  right  hand,  and  half  of  the  variety  which  rotates  to  the 
left ;  it  is  0.148  inch  (3.75  millimetres)  thick,  this  thickness  being  found 
by  experiment  to  produce  the  greatest  diilerence  in  the  color  of  the  two 
halves,  when  one  prism  is  slightly  rotated.  The  solution  of  sugar  has 
precisely  the  same  action  on  the  rotation,  since  it  increases  the  action  of 
the  half  which  has  a  right-handed  rotation,  and  lessens  the  action  of  the 
half  which  rotates  to  the  left.  Hence  the  two  halves  will  assume  a  differ- 
ent color  when  the  smallest  quantity  of  sugar  is  present  in  the  liquid.  By 
slightly  turning  the  Nichol's  prism  a,  this  difference  can  be  again  removed. 
Soleil  has  introduced  another  more  delicate  means  of  effecting  this,  at  the 
part  /,  which  he  calls  the  compensator.  The  most  important  parts  of  this 
are  separately  represented  in  fig.  53.  It  consists  of  two  exactly  equal 
right-angled  prisms,  of  left-handed  quartz,  whose  surfaces,  c  and  c',  are 
cut  perpendicular  to  the  optic  axis.  These  prisms  can,  by  means  of  the 
screw  V  and  a  rack  and  pinion,  be  made  to  slide  on  one  another,  so  that, 
when  taken  together,  they  form  a  plate  of  varying  thickness,  bounded  by 
parallel  surfaces.  One  of  the  frames  has  a  scale  /,  the  other  a  vernier  n. 
When  this  points  to  zero  of  the  scale,  the  optical  action  of  the  two  prisms 
is  exactly  compensated  by  a  right-handed  plate  of  rock-crystal,  so  that  an 
effect  is  obtained  as  regards  circular  polarization,  as  if  the  whole  system 
were  not  present.  As  soon,  however,  as  the  screw  is  moved,  and  thus  the 
thickness  of  the  plate  formed  by  the  two  prisms  is  changed  (we  will  sup- 
pose it  increased),  then  a  left-handed  action  ensues,  which  must  be  pro- 
perly regulated,  until  it  compensates  the  opposite  action  of  a  solution  of 
sugar.  Thus  a  convenient  method  is  obtained  of  rendering  the  color  of 
the  double  plate  uniform,  when  it  has  ceased  to  bo  so  by  the  action  of  the 
sugar. 

Faraday  made  the  remarkable  discovery  that,  if  a  very  strong  electric 
current  be  passed  round  a  substance  which  possesses  the  property  of 
circular  polarization,  the  amount  of  rotation  is  altered  to  a  considerable 
degree. 

IlEATiiro  AND  Chemical  Rats  op  the  Solar  Spectrum. — ^The  luminous 
rays  of  the  sun  are  accompanied,  as  already  mentioned,  by  others  which 
possess  heating  powers.  If  the  temperature  of  the  different  colored  spaces 
in  the  spectrum  be  tried  with  a  delicate  thermometer,  it  will  be  found  to 
increase  from  the  violet  to  the  red  extremity,  and  when  the  prism  is  of 
some  particular  kinds  of  glass,  the  greatest  effect  will  be  manifested  a 
little  beyond  the  visible  red  rays.  The  position  of  the  greatest  heating 
effect  in  the  spectrum  materially  depends  on  the  absorptive  nature  of  the 
glass.  Transparent  though  this  medium  is  to  the  rays  of  light,  it  never- 
theless absorbs  a  considerable  quantity  of  the  heat  rays.  Transparent 
rock-salt  is  almost  without  absorptive  action  on  the  thermal  rays.  In  the 
spectrum  obtained  by  passing  the  solar  rays  through  prisms  of  rock-salt, 
tlie  greatest  thermal  effect  is  found  at  a  position  far  beyond  the  last  visible 
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red  rays.     It  is  inferred  from  this  that  the  chief  mass  of  the  heating  rays 
of  the  sun  are  among  the  least  refrangible  components  of  the  solar  beam. 

Again,  it  has  long  been  known  that  chemical  changes  both  of  combina- 
tion and  of  decomposition,  but  more  particularly  the  latter,  can  be  elTectcd 
by  the  action  of  light.  Chlorine  and  hydrogen  combine  at  common  tem- 
peratures only  under  the  influence  of  light ;  and  parallel  cases  occur  in 
great  numbers  in  organic  chemistry.  The  blackening  and  decomposition 
of  silver  salts  are  familiar  instances  of  the  chemical  powers  of  the  same 
agent.  Now,  it  is  not  always  the  luminous  part  of  the  ray  which  effects 
tht'se  changes ;  they  are  chiefly  produced  by  certain  invisible  rays,  which 
accompany  the  others,  and  are  found  most  abundantly  beyond  the  violet 
part  of  the  spectrum.  It  is  there  that  certain  chemical  eflects  are  most 
marked,  although  the  intensity  of  the  light  is  exceedingly  feeble.  These 
chemically  acting  rays  are  sometimes  called  aclinic  rays  (axrtc*  a  ray),  and 
the  chemical  action  of  sunlight  is  called  actinism;  but  these  terms  are  not 
very  well  chosen.  The  chemical  rays  are  thus  directly  opposed  to  the 
heating  rays  in  the  common  spectrum  in  their  degree  of  refrangibility, 
since  they  exceed  all  the  others  in  this  respect.  The  luminous  rays,  too, 
under  peculiar  conditions,  exert  decomposing  powers  upon  silver  salts. 
The  result  of  the  action  of  any  ray  depends,  moreover,  greatly  on  the 
physical  state  of  the  surface  on  which  it  falls,  and  on  the  chemical  con- 
stitution of  the  body  ;  indeed,  for  every  kind  of  ray  a  substance  may  be 
found  which  under  particular  circumstances  will  be  affected  by  it ;  and 
thus  it  appears  that  the  chemical  functions  are  by  no  means  coniinod  to 
any  set  of  rays  to  the  exclusion  of  the  rest. 

Upon  the  chemical  changes  produced  by  light  is  based  the  art  of  photo^ 
grajAy.  In  the  year  1802  Mr.  Thomas  Wedgwood  proposed  a  method  of 
copying  paintings  on  glass,  by  placing  behind  them  white  paper  or  leather 
moistened  with  a  solution  of  silver  nitrate,  which  became  dcconiposwi  and 
blackened  by  the  transmitted  light  in  proportion  to  the  intensity  of  the 
latter ;  and  Davy,  in  repeating  these  experiments,  found  that  he  could 
thus  obtain  tolerably  accurate  representations  of  objects  of  a  texture  partly 
opaque  and  partly  transparent,  such  as  leaves  and  the  wings  of  insects, 
and  even  copy  with  a  certain  degree  of  success  the  image's  of  small  ol)jects 
obtained  by  the  solar  microscope.  Those  pictures,  however,  required  to 
be  kept  in  the  dark,  and  could  only  be  examined  by  candle-light,  other- 
wise they  became  obliterated  by  the  blackening  of  the  whole  surface,  from 
which  the  salt  of  silver  could  not  be  removed.  These  attempts  at  liglit- 
painting  attracted  but  little  notice  till  the  year  1839,  when  Mr.  Fox  Talbot 
published  his  plan  of  **  photogenic  drawing."  This  consisted  in  exposing 
in  the  camera  a  paper  soaked  in  a  weak  solution  of  common  salt,  and  after- 
wards washed  over  with  a  strong  solution  of  nitrate  of  silver  ;  the  image 
thus  obtained  was  a  negative  one,  the  lights  being  dark  and  the  shadows 
light,  and  the  pictures  were  fixed  by  immersion  in  a  solution  of  common 
salt. 

Many  improvements  have  heen  made  in  this  process.  In  1841  Fox  Tal- 
bot patented  the  beautiful  process  known  as  the  **Tallx)type  or  Calotyi)e 
process/'  in  which  the  paper  is  coated  with  silver  iodide  by  dipping  it  first 
in  silver  nitrate,  then  in  potassium  iodide. 

Paper  thus  prepared  is  not  sensitive  per  se  to  the  action  of  light,  but 
may  be  rendered  so  by  washing  it  over  with  a  mixture  of  silver  nitrate  and 
gallic  or  acetic  acid.  If  it  be  exposed  in  the  camera  for  two  or  three 
minutes,  it  does  not  receive  a  visible  image  (unless  the  light  has  been  very 
strong) ;  but  still  the  compound  has  undergone  a  certain  change  by  the 
influence  of  the  light ;  for  on  subsequently  washing  it  over  with  the  mix- 
ture of  silver  nitrate  and  acetic  or  gallic  acid,  and  gently  warming  it,  a 
negative  image  comes  out  on  it  with  great  distinctness.     This  image  is 
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fixed  by  washing  the  paper  with  sodium  hyi)osulphite,  which  removes  the 
wiiolo  of  the  silver  iodide  not  acted  upon  hy  the  Light,  and  thus  protects 
the  picture  from  further  change  hy  exposure  to  light.  The  negative  picture 
thus  obtained  is  rendered  transparent  hy  placing  it  between  two  sheets  of 
blotting-paper  saturated  with  white  wax,  and  passing  a  moderately  heated 
smoothing-iron  over  the  whole.  It  may  then  be  used  for  printing  posiiwe 
pictures  by  laying  it  on  a  sheet  of  paper  prepared  with  chloride  or  iodide 
of  silver  and  exposing  it  to  the  sun. 

A  most  important  step  in  the  progress  of  photography  is  the  substitu- 
tion of  a  transparent  film  of  iodized  collodion  or  albumin  spread 
upon  glass,  for  the  iodized  paper  used  in  Tallx^t's  process,  to  receive  tlie 
negative  image  in  the  camera.  The  process  is  thus  rendered  so  much  more 
certain  and  rapid,  and  the  positive  pictures  obtained  by  transferring  the 
negative  to  paper  prepared  with  chloride  or  iodide  of  silver  are  found  to 
be  so  much  sharper  in  outline,  than  when  the  transference  occurs  through 
paper,  as  in  the  talbotype  process,  that  this  method  is  now  universally 
employed.  In  this  process,  as  in  that  of  the  Calotype,  the  image  produced 
in  the  camera  is  a  latent  one,  and  requires  development  with  substances 
such  as  pyrogallic  acid,  or  ferrous  sulphate,  which,  having  a  tendency  to 
absorb  oxygen,  induce,  in  presence  of  silver  nitrate,  the  reduction  of  the 
cliloride  or  iodide  to  the  metallic  state.  For  a  description  of  the  best  ai>pa- 
ratus  and  latest  processes  used  in  the  collodion  method,  the  reader  may 
consult  Hardwich's  *'  Manual  of  Photographic  Chemistry." 

iSir  John  Ilerschel  has  shown  that  a  great  number  of  other  substances 
can  be  employed  in  these  photographic  processes  by  taking  advantage  of 
the  deoxidizing  effects  of  certain  portions  of  the  solar  rays.  Paper  washed 
with  a  solution  of  ferric  salt  becomes  capable  of  receiving  impressions  of 
this  kind,  which  may  afterwards  be  made  evident  by  potassium  ferriey- 
anide,  or  gold  chloride.  Vegetable  colors  are  also  acted  upon  in  a  very 
curious  and  apparently  definite  manner  by  the  different  parts  of  the  spee- 
trum. 

The  daguerreotypty  the  announcement  of  which  was  first  made  in  the 
summer  of  1839,  by  M.  Daguerre,  who  had  bt>en  occupied  with  this  sub- 
ject from  1826,  if  not  earlier,  is  another  remarkable  instance  of  the  decom- 
posing effects  of  the  solar  rays.  A  clean  and  highly  polished  plate  of 
silvered  copper  is  exposed  for  a  certain  time  to  the  vapor  of  iodine,  and 
then  transported  to  the  camera  obscura.  In  the  most  improved  state  of 
the  process,  a  very  short  time  suffices  for  effecting  the  necessary  change  in 
the  lilm  of  silver  iodide.  The  picture,  however,  becomes  visible  only  by 
exposing  it  to  the  vapor  of  mercury,  which  attaches  itself,  in  the  form  of 
exceedingly  minute  globules,  to  those  parts  which  have  been  most  acted 
upon,  that  is  to  say,  to  the  lights,  the  shadows  being  formed  by  the  dark 
polish  of  the  metallic  plate.  Lastly,  the  plate  is  washed  with  sodium 
hyposulphite,  to  remove  the  undecomposeii  silver  iodide  and  render  it  per- 
manont. 

Since  Daguerre's  time  this  process  has  undergone  considerable  improve- 
ments ;  amongst  these,  we  mav  mention  the  exposure  of  the  plate  to  the 
vapor  of  bromine,  by  which  the  sensitiveness  of  the  film  is  greatly  in- 
creased, and  the  reduction  of  metallic  gold  upon  the  surface  of  the  film 
during  the  process  of  fixing,  by  which  the  lights  and  shades  of  the  picture 
are  rendered  more  effective. 

Etching  and  lithographic  processes,  hy  combined  chemical  and  photo- 
graphic agency,  promise  to  Ik*  of  considerable  utility.  The  earliest  is  that 
of  Nidpce  :  he  applied  a  bituminous  coating  to  a  metal  plate,  upon  which 
an  engraving  was  superimposed.  The  light,  being  thus  partially  mter- 
ruptcHl,  acted  nnequallv  upon  the  vamiah  ;  a  liquid  hydro-carbon,  petro- 
lewtif  used  as  a  solvent,  removed  the  bitumen  wherever  the  light  had  not 
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acted;  an  engraving  acid  could  now  bite  the  unprotected  metal,  which 
could  eventually  be  print<jd  from  in  the  usual  way.  Very  successful  results 
have  also  been  obtained  by  M.  Fizeau,  who  submits  the  daguerreotype  to 
the  action  of  a  mixture  of  dilute  nitric  acid,  common  salt,  and  potassium 
nitrate,  when  the  silver  only  is  attacked,  the  mercurialized  portion  of  the 
image  resisting  the  acid  ;  an  etching  is  thus  obtained  following  minutely 
the  lights  and  sliadows  of  the  picture.  To  deepen  this  etching,  the  silver 
chloride  formed  is  removed  by  ammonia,  the  plate  is  boiled  in  caustic 
potash  and  again  treated  with  acid,  and  so  on  till  the  etching  is  of  suffi- 
cient depth.  Sometimes  electro-gilding  is  resorted  to,  and  an  engraving 
acid  is  used  to  get  still  more  powerful  impressions. 

Among  recent  results  are  those  obtained  by  Mr.  Talbot  on  steel  plates  : 
he  uses  a  mixture  of  potassium  bichromate  and  gelatin,  which  hardens  by 
exi)08ure  to  the  light ;  the  parts  not  affected  are  removed  by  washing. 
Platinum  tetracliloride  is  used  as  an  etching  liquid  ;  it  has  the  advantage 
of  biting  with  greater  regularity  than  nitric  acid. 

The  bitumen  process  of  M.  Ni^pce  has  been  applied  to  lithographic  stone ; 
and  positives  obtained  from  negative  talbotypes  have  been  printed  off  by  a 
modification  of  the  ordinary  lithographic  process.  M.  Nidpce  finds  that 
ether  dissolves  the  altered  bitumen,  while  naphtha,  or  benzol,  attacks  by 
preference  the  bitumen  in  its  normal  condition. 
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MAGNETISM. 

A  PABTicuLAR  8i)€cies  of  iron  ore  has  long  been  remarkable  for  its  property 
of  attracting  small  pieces  of  iron,  and  causing  tliem  to  adhere  to  its  surface  ; 
it  is  called  loadstone  or  magnetic  iron  ore. 

If  a  piece  of  this  loadstone  be  carefully  exunined,  it  will  be  found  that 
the  attractive  force  for  particles  of  iron  is  greatest  at  certain  particular 
points  of  its  surface,  while  elsewhere  it  is  much  diminished,  or  even  alto* 
gether  absent.  These  attractive  points  are  denominated  poles,  and  the 
loadstone  itself  is  said  to  be  endowed  with  magnetic  polarity. 

If  one  of  the  pole-surfaces  of  a  natural  loadstone  be  rubbed  in  a  particu- 
lar manner  over  a  bar  of  steel,  its  cliaracteristio  properties  will  be  commu- 
nicated to  the  bar,  which  will  then  be  found  to  attract  iron  filings  like  the 
loadstone  itself.  Further,  the  attractive  force  will  appear  to  be  greatest 
at  two  points  situated  very  near  the  extremities  of  the  bar,  and  least  of 
all  towards  the  middle.  The  bar  of  steel  so  treated  is  said  to  be  magnet- 
ized, or  to  constitute  an  artificial  magnet. 

When  a  magnetized  bar  or  natural  magnet  is  suspended  at  its  centre  in 
any  convenient  manner,  so  as  to  be  free  to  move  in  a  horizontal  plane,  it 
is  always  found  to  assume  a  particular  direction  with  regard  to  the  earth, 
one  end  pointing  nearly  north,  and  the  other  nearly  south.  This  direction 
varies  with  the  geographical  position  of  the  place,  and  is  dififcrent  also  at 
the  same  place  at  ^ifierent  times.  In  London,  at  the  present  time,  the 
nf>cdle  points  19^  32'  west  of  the  astronomical  north.  If  the  bar  be  moved 
from  this  x>osition,  it  will  tend  to  reassume  it,  and,  after  a  few  oscillations, 
settle  at  rest  as  before.  The  pole  which  points  towards  the  astronomical 
north  is  usually  distinguished  as  the  north  pole  of  the  bar,  and  that  which 
I)oints  southward  as  the  south  pole. 

A  magnet,  either  natural  or  artificial,  of  symmetrical  form,  suspended 
in  the  presence  of  a  second  magnet,  serves  to  exhibit  certain  phenomena 
of  attraction  and  repulsion  which  deserve  particular  attention.  When  a 
north  pole  is  presented  to  a  south  pole,  or  a  south  x)ole  to  a  north,  attrac- 
tion ensues  between  them ;  the  endis  of  the  bars  approach  each  other,  and, 
if  permitted,  adhere  with  considerable  force ;  when,  on  the  other  hand,  a 
north  pole  is  brought  near  a  second  north  pole,  or  a  south  pole  near  another 
south  pole,  mutual  repulsion  is  observed,  and  the  ends  of  the  bars  recede 
from  each  other  as  far  as  possible.  Poles  of  an  opposite  name  attract y  and  poles 
of  a  similar  name  repel  each  other.  Thus,  a  small  bar  or  needle  of  steel,  pro- 
perly magnetized  and  suspended,  and  having  its  poles  marked,  b€KX)me8 
an  instrument  fitted  not  only  to  discover  the  existence  of  magnetic  power 
in  other  bodies,  but  to  estimate  the  kind  of  polarity  affected  by  their  dif- 
ferent parts. 

A  piece  of  soft  iron  brought  into  the  neighborhood  of  a  magnet  acquires 
iUelf  magnetic  properties :  the  intensity  of  the  power  thus  conferred  de- 
pends upon  that  of  the  magnet,  and  upon  the  space  which  divides  the  two, 
becoming  greater  as  that  space  decreases,  and  greatest  of  all  in  actual  con- 
tact. The  iron,  under  these  circumstances,  is  said  to  be  magnetized  by 
induction  or  influence,  and  the  efi'ect,  which  reaches  its  maximum  in  an 
instant,  is  at  once  destroyed  by  removing  the  magnet. 

When  steel  is  substituted  for  iron  in  this  experiment,  the  inductive 
action  is  hardly  perceptible  at  first,  and  becomes  manifest  only  after  the 
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lapse  of  a  certain  time  :  in  this  condition,  when  the  steel  bar  is  removed 
irum  the  magnet,  it  retains  a  portion  of  the  induced  polarity.  It  becomes, 
indeed,  a  permanent  magnet,  similar 

to  the  first,   and  retains  its   peculiar  Fig.  64. 

properties  for  an  indefinite  time.    This  g 

resistance  which  steel  always  offers  in 
a  greater  or  less  degree  both  to  the  de- 
velopment of  magnetism  and  to  its 
subsequent  destruction,  is  called  spe- 
djic  coercive  poncer. 

The  rule  which  regulates  the  induc- 
tion of  magnetic  polarity  in  all  cases  is     ^^==q_^^^j 
exceedingly  simple,  and  most  import-      I  ^"^jHII    (i 

ant  to  be  remembered.     The  pole  pro-      '  "^'■* 

duced  is  always  of  the  opposite  name 
to  that  which  produced  it,  a  north  pole 
developing  south  polarity,  and  a  south 
pole  north  polarity.  The  north  pole 
of  the  magnet  figured  in  the  sketch  in- 
duces south  polarity  in  all  the  nearer 
extremities  of  the  pieces  of  iron  or 
steel  which  surround  it,  and  a  state 

similar  to  ita  own  in  all  the  more  remote  extremities.  The  iron  thus  mag- 
netized is  capable  of  exerting  a  similar  inductive  action  on  a  second  piece, 
and  that  upon  a  third,  and  so  to  a  great  number,  the  intensity  of  the  force 
diminishing  as  the  distance  from  the  permanent  magnet  increases.  It  is 
in  this  way  that  a  magnet  is  enabled  to  hold  up  a  number  of  small  pieces 
of  iron;  or  a  bunch  of  filings,  each  separate  piece  becoming  for  the  time  a 
magnet  by  induction. 

Magnetic  polarity,  similar  in  degree  to  that  which  iron  presents,  has 
been  found  only  in  some  of  the  compounds  of  iron,  in  nickel,  and  in 
cobalt. 

Magnetic  attractions  and  repulsions  are  not  in  the  slightest  degree  inter- 
fered with  by  the  interposition  of  substances  destitute  of  magnetic  proper- 
ties. Thick  plates  of  glass,  shellac,  metals,  wood,  or  of  any  substances 
except  those  above  mentioned,  may  be  placed  between  a  magnet  and  a 
suspended  needle,  or  a  piece  of  iron  under  its  influence,  the  distance  being 
preserved,  without  the  least  perceptible  alteration  in  its  attractive  power, 
or  force  of  induction. 

One  kind  of  polarity  cannot  be  exhibited  without  the  other.  In  other 
words,  a  magnetic  pole  cannot  be  isolated.  If  a  magnetized  bar  of  steel 
be  broken  at  its  neutral  point,  or  in  the  middle,  each  of  the  broken  ends 
acquires  an  opposite  polo,  so  that  both  portions  of  the  bar  become  perfect 
magnets  ;  and,  if  the  division  be  carried  still  further,  if  the  bar  be  broken 
into  a  hundred  pieces,  each  fragment  will  be  a  complete  magnet,  having 
its  own  north  and  south  poles. 

This  experiment  serves  to  show  very  clearly  that  the  apparent  polarity 
of  the  bar  is  the  consequence  of  the  polarity  of  each  individual  particle, 
the  -poles  of  the  bar  being  merely  points  through  which  the  resultants  of 
all  these  forces  pass  ;  the  largest  magnet  is  made  up  of  an  immense  number 
of  little  magnets  regularly  arranged  side  by  side,  all  having  their  north 
jmles  looking  one  way,  and  their  south  poles  the  other.  The  middle  por- 
tion of  such  a  system  cannot  i>ossibly  exhibit  attractive  or  repulsive  effects 
on  an  external  body,  because  each  pole  is  in  close  juxtaposition  with  one 
of  an  opposite  name  and  of  equal  power.  Hence  their  forces  will  bo 
exerted  in  opposite  directions,   and  neutralize  each    other's  influence. 
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Saoli  will  not  be  the  case  at  the  extremities  of  the  bar  ;  there  uncompen- 
sated polarity  will  be  found,  capable  of  exerting  its  specific  power. 

Fig.  56. 


N 


S 


This  idea  of  regular  polarization  of  particles  of  matter  in  virtue  of  a  pair 
of  opposite  and  equal  forces,  is  not  confined  to  magnetic  phenomena ;  it  is 
the  leading  principle  in  electrical  science,  and  is  constantly  reproduced  in 
some  form  or  other  in  every  discussion  involving  the  consideration  of  mole- 
cular forces. 

Artificial  steel  magnets  are  made  in  a  great  variety  of  forms ;  such  as 
small  light  needles,  mounted  with  an  agate  cap  for  suspension  upon  a  fine 
point ;  straight  bars  of  various  kinds;  bars  curved  into  the  shape  of  a 
horse-shoe,  etc.  AH  these  have  regular  polarity  communicated  to  them 
by  certain  processes  of  rubbing  or  touching  with  another  magnet,  which 
require  care,  but  are  not  otherwise  difficult  of  execution.  When  great 
power  is  wished  for,  a  number  of  bars  may  be  screwed  together,  with  their 
similar  ends  in  contact,  and  in  this  way  it  is  easy  to  construct  permanent 
steel  magnets  capable  of  sustaining  great  weights.  To  prevent  the  gradual 
destruction  of  magnetic  force,  which  would  otherwise  occur,  it  is  usual  to 
arm  each  pole  with  a  piece  of  soft  iron  or  keeper,  which,  becoming  mag- 
netized by  induction,  serves  to  sustain  the  polarity  of  the  bar,  and  in  some 
cases  even  increases  its  energy. 

Magnetism  is  not  peculiar  to  these  substances  which  have  more  espe- 
cially been  called  magnetic,  such  as  iron,  nickel,  cobalt,  but  it  is  the  pro- 
perty of  all  metals,  though  to  a  much  smaller  degree.  Very  powerful 
magnets  are  required  to  show  this  remarkable  fact.  Laro-e  horse-shoe 
magnets,  made  by  the  action  of  the  electric  current,  are  best  adapted  for 
the  purpose.  The  magnetic  action  on  different  substances  which  are 
capable  of  being  easily  moved,  differs  not  only  according  to  the  size,  but 
also  according  to  the  nature  of  the  substance.  In  consequence  of  this, 
Faraday  divides  all  bodies  into  two  classes.  He  calls  the  one  magnetic, 
or,  better,  paramagnetic^  and  the  other  diamagnetic. 

The  matter  of  which  a  paramagnetic  (magnetic)  body  consists  is  attracts 
by  both  poles  of  the  horse-shoe  magnet ;  on  the  contrarv,  the  matter  of  a 
diamagnetic  body  is  repelled.  When  a  small  iron  bar  is  hung  by  un- 
twisted silk  between  the  poles  of  the  magnet,  so  that  its  long  diameter  can 
easily  move  in  a  horizontal  plane,  it  arranges  itself  axially,  that  is,  parallel 
to  the  straight  line  which  joins  the  poles,  or  to  the  magnetic  axis  of  the 
poles,  assuming  at  the  end  which  is  nearest  the  north  pole,  a  south  pole, 
and  at  the  end  nearest  the  south  pole,  a  north  pole.  Whenever  the  little 
bar  is  removed  from  this  position,  it  returns,  after  a  few  oscillations,  to  it« 
previous  position.  The  whole  class  of  paramagnetic  bodies  behave  in  a 
precisely  similar  way  under  similar  circumstances,  but  in  the  intensity  of 
the  effects  great  differences  occur. 

Diamagnetic  bodies,  on  the  contrary,  have  their  long  diameters  placed 
equatorially,  that  is,  at  right  angles  to  the  magnetic  axis.  Tlioy  behave 
as  if  at  the  end  opposite  to  each  pole  of  the  magnet  the  same  kind  of 
polarity  existed. 

In  the  first  class  of  substances,  besides  iron,  which  is  the  best  represen- 
tative of  the  class,  we  have  nickel,  cobalt,  manganese,  chromium,  cerium. 
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titaniam,  palladium,  platinum,  osmium,  aluminium,  oxygen,  and  also 
moet  of  the  compounds  of  these  bodies,  most  of  them,  even  when  in  solu- 
tion. According  to  Faraday,  the  following  substances  are  also  feebly  para- 
magnetic (magnetic), — ^paper,  sealing-wax,  Indian-ink,  porcelain,  asbestos, 
fluor-spar,  minium,  cinnabar,  binoxide  of  lead,  sulphate  of  zino,  tourmaline, 
graphite,  and  charcoal. 

In  the  second  class  are  placed  bismuth,  antimony,  zinc,  tin,  cadmium, 
sodium,  mercury,  lead,  silver,  copper,  gold,  arsenic,  uranium,  rhodium, 
iridium,  tungsten,  phosphorus,  iodine,  sulphur,  chlorine,  hydrogen,  and 
many  of  their  compounds.  Also,  glass  bee  from  iron,  water,  alcohol, 
ether,  nitric  acid,  hydrochloric  acid,  resin,  wax,  olive  oil,  oil  of  turpentine, 
caoutchouc,  sugar,  starch,  gum,  and  wood.     These  are  diamagnctic. 

When  diamagnetic  and  paramagnetic  bodies  are  combined,  their  peculiar 
properties  are  more  or  less  neutralized.  In  most  of  these  compounds, 
occssionally  in  consequence  of  the  presence  of  a  very  small  quantity  of 
iron,  the  peculiar  magnetic  power  remains  more  or  less  in  excess.  Thus 
green  bottle-glass,  and  many  varieties  of  crown  glass  are  magnetic  in  con- 
sequence of  the  iron  they  contain. 

In  order  to  examine  the  magnetic  pro}>ertie8  of  liquids,  they  are  placed 
in  very  thin  glass  tubes,  the  ends  of  which  are  then  closed  by  melting ; 
they  are  then  hung  horizontally  between  the  poles  of  the  magnet.  Under 
the  induence  of  poles  sufficiently  powerful,  they  begin  to  swing,  and 
according  as  the  fluid  contents  are  paramagnetic  (magnetic)  or  diamagnetic, 
they  assume  an  axial  or  equatorial  position. 

Faraday  has  tried  the  magnetic  condition  of  gases  in  different  ways. 
One  method  consisted  in  making  soap-bubbles  with  the  gas  which  he  wished 
to  investigate,  and  bringing  these  near  the  poles.  Soap  and  water  alone 
is  feebly  diamagnetic.  A  bubble  filled  with  oxygen  was  strongly  attracted 
by  the  magnet.  All  other  gases  in  the  air  are  diamagnetic,  that  is,  they 
are  repelled.  But,  as  Faraday  has  shown,  in  a  different  way,  this  partly 
arises  from  the  paramagnetic  (magnetic)  property  of  the  air.  Thus  he 
found  that  nitrogen,  when  this  differential  action  was  eliminated,  was  per- 
fectly indifferent,  whether  it  was  condensed  or  rarefied,  whether  cooled  or 
heated.  When  the  temperature  is  raised,  the  diamagnetic  property  of 
gases  in  the  air  is  increased.  Hence,  the  flame  of  a  candle  or  of  hydrogen 
is  strongly  repelled  by  the  magnet.  Even  warm  air  is  diamagnetic  in  cold 
air. 

For  some  time  it  had  been  believed  that  crystallized  bodies  exhibited  a 
special  and  peculiar  behavior  when  placed  between  the  poles  of  a  magnet. 
It  appeared  as  though  the  magnetic  directing  power  of  the  crystal  had 
some  peculiar  relation  to  the  position  of  its  optic  axis  ;  so  that,  independ- 
ently of  the  magnetic  property  of  the  substance  of  the  crystal,  if  the 
crystal  were  positively  optical,  it  possessed  the  i)ower  of  placing  its  optic 
axis  parallel  with  the  line  which  joined  the  poles  of  the  magnet,  while 
optically  negative  crystals  tried  to  arrange  their  axis*  at  right  angles  to 
this  line.  This  supposition  is  disproved  by  the  excellent  investigation  of 
Tjmdall  and  Knoblauch,  who  showed  that  exceptions  to  the  above  law  are 
furnished  by  all  classes  of  crystals,  and  proved  that  the  action,  instead  of 
being  independent  of  the  magnetic  nature  of  the  mass,  was  completely 
reversed  where,  in  isomorphous  crystals,  a  magnetic  constituent  was  sub- 
stituted for  a  diamagnetic  one.  Rejecting  the  various  new  forces  assumed, 
Tyndall  and  Knoblauch  referred  the  observed  phenomena  to  the  modifica- 
tion of  the  magnetic  force  by  structure,  and  they  imitated  the  efl*ects  exactly 
by  means  of  substances  whose  structure  had  been  modified  by  compression. 
In  a  later  investigation  Tyndall  demonstrated  the  fundamental  principle 
on  which  these  phenomena  depend,  showing  that  the  entire  matts  of  a  mag- 
netic body  is  most  strongly  attracted  when  the  attracting  force  acts  parallel 
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to  the  line  of  compression ;  and  that  a  diamagnetio  suhstance  is  moet 
strongly  repelled  when  the  repulsion  acts  along  the  same  line.  Hence, 
when  such  a  body  is  freely  suspended  in  the  magnetic  field,  the  line  of 
compression  must  set  axially  or  equatorially,  according  as  the  mass  is  mag- 
netic or  diamagnetic.  Faraday  was  the  first  to  establish  a  differential 
action  of  this  kind  in  the  case  of  bismuth  ;  Tyndall  extended  it  to  several 
magnetic  and  diamagnetic  crystals,  and  showed  that  it  was  not  confined  to 
them,  but  was  a  general  property  of  matter.  It  was  also  proved  that,  for 
a  fixed  distance,  the  attraction  of  a  magnetic  sphere,  and  the  repulsion  of 
a  diamagnetic  sphere,  followed  precisely  the  same  law,  both  being  exactly 
proportioned  to  the  square  of  the  exciting  current. 

The  phenomena  of  diamagnetism  naturally  suggest  the  inquiry,  whether 
the  repulsion  exerted  by  a  magnetic  pole  on  diamagnetic  bodies  is  a  force 
distinct  from  that  of  magnetism  as  exerted  upon  iron  and  other  bodies  of 
the  magnetic  class  ;  or  whether,  on  the  other  hand,  the  magnetic  and  dia^ 
magnetic  conditions  of  matter  are  merely  relative,  so  that  all  bodies  are 
magnetic  in  diflbrent  degrees,  and  the  apparent  repulsion  of  a  diamagnetic 
body,  such  as  bismuth,  is  merely  the  result  of  its  being  attracted  by  the 
magnet  less  than  the  particles  of  the  surrounding  medium,  just  as  a 
balloon  recedes  from  the  earth  because  its  weight  is  less  than  that  of  an 
equal  bulk  of  the  surrounding  air.  It  is  easy  to  show  that  the  same  body 
may  appear  magnetic  or  diamagnetic,  according  to  the  medium  in  which  it 
is  placed.  Ferrous  sulphate  is  a  magnetic  substance,  and  water  is  dia- 
magnetic ;  hence  it  is  possible,  by  varying  the  strength  of  an  aqueous 
solution  of  this  salt,  to  make  it  either  magnetic,  indifferent,  or  diamagnetic, 
when  suspended  in  air.  Again,  a  tube  containing  a  solution  of  ferrous 
sulphate  suspended  horizontally  within  a  jar  also  filled  with  a  solution  of 
the  same  salt,  and  placed  between  the  poles  of  two  powerful  electro-magnets, 
will  place  itself  axially  or  equatorially,  according  as  the  solution  contained 
in  it  is  stronger  or  weaker  than  that  in  the  jar.  In  the  same  manner, 
then,  we  may  conceive  that  bismuth  places  itself  equatorially  between  two 
magnetic  poles,  because  it  is  less  magnetic  than  the  surrounding  air.  But 
the  diamagnetism  of  bismuth  and  other  bodies  of  the  same  class  shows 
itself  in  a  vacuum  as  well  as  in  air ;  hence,  if  diamagnetism  is  not  to  be 
regarded  as  a  distinct  force,  we  must  suppose  that  the  ether  is  also  mag- 
netic, and  occupies  in  the  magnetic  scale  the  place  intermediate  between 
magnetic  and  diamagnetic  bodies. 

That  a  body  suspended  in  a  medium  of  greater  magnetic  susceptibility 
than  itself  will  recede  from  a  magnetic  i)ole  in  its  neighborhood,  in  conse- 
quence of  the  greater  force  with  which  the  particles  of  the  medium  are 
impelled  towards  the  magnet,  is  so  obvious  a  consequence  of  mechanical 
laws,  that  we  can  scarcely  avoid  attributing  the  movements  of  diamag- 
netic bodies  to  the  cause  just  mentioned  ;  at  least,  when  the  body  is  sus- 
pended in  air  or  other  magnetic  gas.  Tliere  is,  however,  some  difficulty  in 
reconciling  the  above-described  phenomena  of  compressed  and  crystallized 
bodies  with  this  view ;  and,  moreover,  Tyndall  has  shown,  by  a  method 
which  we  cannot  here  describe,*  that  diamagnetic  bodies  possess  opposite 
jwles,  analogous  to  those  of  magnetic  bodies,  each  of  these  poles  being 
attracted  by  one  pole  of  a  magnet,  and  repelled  by  the  other.  This 
polarity  shows  decidedly  that  the  properties  of  diamagnetic  bodies  cannot 
be  wholly  due  to  the  differential  action  above  mentioned  ;  for  if  they 
were,  every  part  of  a  diamagnetic  body  would  be  repelled  by  either  po\e 
of  a  magnet.  Diamagnetism  must  therefore,  for  the  present  at  least,  be 
regarded  as  a  force  distinct  from  magnetism. 

*  Phil.  Trans.,  1865  and  1866}  see  also  Watts's  Dictionary  of  Chemistry,  vol.  ill. 
p.  77d. 
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When  glass,  amber,  or  Bealing-wax  is  rubbed  with  a  dry  cloth,  it  acquires 
the  power  of  attracting  light  bodies,  as  feathers,  dust,  or  bits  of  paper ; 
this  is  the  result  of  a  new  and  peculiar  condition  of  the  body  rubbed,  called 
electrical  excitation. 

If  a  light  downy  feather  be  suspended  by  a  thread  of  white  silk,  and  a 
dry  glass  tube,  excited  by  rubbing,  be  presented  to  it,  the  feather  will  bo 
strongly  attracted  to  the  tube,  adliere  to  its  surface  for  a  few  seconds,  and 
then  fall  off.  If  the  tube  be  now  excited  anew,  and  presented  to  the 
feather,  the  latter  will  be  strongly  repelled. 

The  same  experiment  may  be  repeated  with  shellac  or  resin ;  the  feather 
in  its  ordinary  state  will  be  drawn  towards  the  excited  bo<ly,  and,  after 
touching,  again  driven  from  it  with  a  certain  degree  of  force. 

Now,  let  the  feather  be  brought  into  contact  with  the  excited  glass,  so 
as  to  be  repelled  by  that  substance,  and  let  a  piece  of  excited  sealing-wax 
be  presented  to  it ;  a  degree  of  attraction  will  be  observed  far  exceeding 
that  exhibited  when  the  feather  is  in  its  ordinary  state.  Or,  again,  let  the 
feather  be  made  repulsive  for  sealing-wax,  and  then  the  excited  glass  be 
presented  :  strong  attraction  will  ensue. 

The  reader  will  at  once  see  the  perfect  parallelism  between  the  effects 
described  and  some  of  the  phenomena  of  magnetism,  the  electrical  excite- 
ment having  a  twofold  nature,  like  the  opposite  polarities  of  the  magnet. 
A  body  to  which  one  kind  of  excitement  has  been  communicated  is  at- 
tracted by  another  body  in  the  opposite  state,  and  repelled  by  one  in  the 
Bame  state ;  the  excited  glass  and  resin  being  to  each  other  as  the  north 
and  south  poles  of  a  pair  of  magnetized  bars. 

To  distinguish  these  two  different  forms  of  excitement,  terms  are  cm- 
ployed  which,  although  originating  in  some  measure  in  theoretical  views 
of  the  nature  of  the  electrical  disturbance,  may  be  understood  by  tlie 
student  as  purely  arbitrary  and  distinctive :  it  is  customary  to  call  the 
electricity  manifested  by  glass  rubbed  with  silk  positive  or  vitreous^  and 
that  developed  in  the  case  of  shellac,  and  bodies  of  the  same  class,  rubbed 
with  flannel,  negative  or  resinotut.  The  kind  of  electricity  depends  in  some 
measure  upon  the  nature  of  the  surface  and  the  quality  of  the  rubber ; 
smooth  and  perfectly  clean  glass,  rubbed  with  silk,  becomes  positive,  but 
when  ground  or  roughened  by  sand  or  emery,  it  acquires  under  the  same 
circumstances,  a  negative  charge.  Glass  dried  over  a  gas  flame  and  rubbed 
with  wool  is  generally  also  negative ;  when  dried  over  a  fire  of  wood-char- 
ooal  it  remains  positive. 

Tlie  repulsion  shown  by  bodies  in  the  same  electrical  state  is  taken  ad- 
vantage of  to  construct  instruments  for  indicating  electrical  excitement 
and  pointing  out  its  kind.  Two  balls  of  elder  pith,  hung  by  threads  or 
very  fine  metal  wires,  serve  this  purpose  in  many  cases :  they  open  out 
when  excited,  in  virtue  of  their  mutual  repulsion,  and  show  by  the  degrees 
of  divergence  the  extent  to  which  the  excitement  has  been  carried.  A  pair 
of  gold  leaves  suspended  to  a  metal  rod  having  a  brass  plate  on  its  upper 
end  constitute  a  much  more  delicate  arrangement,  and  one  of  great  value 
in  all  electrical  investigations.  The  rod  should  be  covered  with  a  thick 
coating  of  shellac,  and  it  must  be  fastened  by  means  of  a  cork,  air-tight, 
into  a  glass  flask.     The  flask  must  have  been  perfectly  dried  previously 
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by  warming  it.  These  instruments  are  called  electrosooi)e8  or  electrome- 
ters :  when  excited  by  the  communication  of  a  known  kind  of  electricity, 
they  show,  by  an  increased  or  diminished  divergence,  the  state  of  an  eleo- 
trified  body  brought  into  their  neighborhood  (fig.  57). 


Fig.  66. 


Fig.  67. 


One  kind  of  electricity  can  no  more  be  developed  without  the  other  than 
one  kind  of  magnetism  :  the  rubber  and  the  body  rubbed  always  assume 
opposite  states,  and  the  positive  condition  on  the  surface  of  a  mass  of 
matter  is  invariably  accompanied  by  a  negative  state  in  all  surrounding 
bodies. 

The  induction  of  magnetism  in  soft  iron  has  its  exact  counterpart  in 
electricity  ;  a  body  already  electrified  disturbs  or  polarizes  the  particles  of 
all  surrounding  substances  in  the  same  manner  and  according  to  the  same 
law,  inducing  a  state  opposite  to  its  own  in  the  nearer  portions,  and  a  similar 
state  in  the  more  remote  parts.  A  series  of  globes  suspended  by  silk 
threads,  in  the  manner  represented  in  fig.  58,  will  each  become  electric  by 

Fig.  68. 
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induction  when  a  charged  body  is  brought  near  the  end  of  the  series,  like 
so  many  pieces  of  iron  in  the  vicinity  of  a  magnet,  the  positive  half  of 
each  globe  looking  in  one  and  the  same  direction,  and  the  negative  half  in 
the  opposite  one.  The  positive  and  negative  signs  are  intended  to  represent 
the  opposite  states. 

The  intensity  of  the  induced  electrical  disturbance  diminishes  with  the 
distance  from  the  charged  body ;  if  this  be  removed  or  discharged,  all  the 
effects  cease  at  once. 

So  far,  the  greatest  resemblance  may  be  traced  between  these  two  sets  of 
phenomena  ;  but  here  it  seems  in  great  measure  to  cease.  The  magnetic 
polarity  of  a  piece  of  steel  can  awaken  polarity  in  a  second  piece  in  contact 
with  it  by  the  act  of  induction,  and  in  so  doing  loses  nothing  whatever  of 
its  power  \  this  is  an  efifect  completely  different  from  the  apparent  trans- 
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fer  or  discbarge  of  electricity  constantly  witnessed,  which  in  the  air  and 
in  liquids  often  gives  rise  to  the  appearance  of  a  bright  spark  of  fire. 
Indeed,  ordinary  magnetic  effects  comprise  two  groups  of  plienomena  only, 
those,  namely,  of  attraction  and  repulsion,  and  those  of  induction.  But 
in  electricity,  in  addition  to  phenomena  very  closely  resembling  these,  we 
have  the  effects  of  discharge,  to  which  there  is  nothing  analogous  in  mag- 
netism, and  which  takes  place  in  an  Instant  when  any  electrified  body  is 
put  in  communication  with  the  earth  by  any  one  of  the  class  of  substances 
called  conductors  of  electricity,  all  signs  of  electrical  disturbance  then 
ceasing. 

These  conductors  of  electricity,  which  thus  permit  discharg  to  take 
place  through  their  mass,  are  contrasted  with  another  class  of  substances 
called  non-conductors  or  insulators.  The  difference,  however,  is  only  one 
of  degree,  not  of  kind  ;  the  very  best  conductors  offer  a  certain  resistance 
to  the  electrical  discharge,  and  the  most  perfect  insulators  permit  it  to  a 
small  extent.  The  metals  are  by  far  the  best  conductors ;  glass,  silk, 
shellac,  and  dry  gas,  or  vapor  of  any  sort,  the  very  worst ;  and  between 
these  there  are  bodies  of  all  degrees  of  conducting  power. 

In  good  conductors  of  sufficient  size  electrical  discharges  take  place 
silently  and  without  disturbance.  But  if  the  charge  be  very  intenst^  and 
the  conductor  very  sm^ll,  or  imperfect  from  its  nature,  it  is  often  destroyed 
with  violence. 

When  a  break  is  made  in  a  conductor  employed  in  effecting  the  discharge 
of  a  highly  excited  body,  disruptive  or  spark-discharge  takes  place  across 
the  intervening  air,  provided  the  ends  of  the  conductor  he  not  too  distant. 
The  electrical  spark  itself  presents  many  points  of  interest  in  the  modi- 
fications to  which  it  is  liable. 

The  time  of  transit  of  the  electrical  wave  through  a  chain  of  good  con- 
ducting bodies  of  great  length  is  so  minute  as  to  be  altogether  inappreciable 
to  ordinary  means  of  observation.  Professor  Wheatstone  s  very  ingenious 
experiments  on  the  subject  give,  in  the  instance  of  motion  through  a  copper 
wire,  a  velocity  surpassing  that  of  light. 

Klectrical  excitation  is  manifested  only  upon  the  surfaces  of  conductors, 
or  those  portions  directed  towai'ds  other  objects  capable  of  assuming  the 
opposite  state.  An  insulated  ball  charged  with  positive  electricity,  and 
placed  in  the  centre  of  the  room,  is  maintained  in  that  state  by  the  induc- 
tive action  of  the  walls  of  the  apartment,  which  immediately  become  nega- 
tively electrified  ;  in  the  interior  of  the  ball  there  is  al)solutely  no  electri- 
city to  be  found,  although  it  may  be  constructed  of  open  metal  gauze,  with 
meshes  half  an  inch  wide.  Even  on  the  surface  the  distribution  of  elec- 
trical force  is  not  always  the  same ;  it  depends  upon  the  figure  of  the  iKxly 
itself,  and  its  position  with  regard  to  surrounding  objects.  The  polarity 
is  always  highest  in  the  projecting  extremities  of  the  same  conducting 
mass,  and  greatest  of  all  when  these  are  attenuated  to  points  ;  in  which 
case  the  inequality  becomes  so  great  that  discharge  takes  place  to  the  air, 
and  the  excited  condition  cannot  be  maintained. 

By  the  aid  of  these  principles,  the  construction  and  use  of  the  common 
electrical  machine,  and  other  pieces  of  apparatus  of  great  utility,  will  be- 
come intelligible. 

A  glass  cylinder  (flg.  69)  is  mounted  with  its  axis  in  a  horizontal  posi- 
tion, and  provided  wiUi  a  handle  or  winch  by  which  it  may  be  turned.  A 
leather  cushion  is  made  to  press  by  a  spring  against  one  side  of  the  cylin- 
der, while  a  larsre  metal  conducting  body,  armed  with  a  number  of  points 
next  the  glass,  occupies  the  other  :  both  cushion  and  conductor  are  inau- 
lat^'d  by  glass  supports,  and  to  the  upper  edge  of  the  former  a  piece  of 
silk  is  attached  long  enough  to  reach  half  round  the  cylinder.     Upon  the 
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cniliion  U  spread  a  qaantity  of  soft  smalgsm  of  tin,  zinc,  and  merciiTj,* 
mixiid  tip  irith  a  HtMe  greaso:  thU  giiUitaiioe  k  found  by  experience  to 
excite  ^lasa  most  power/nlly.  The  cylinder,  as  it  turns,  beoomcs  chained 
by  friction  against  the  rubber,  and  as  quiokly  discharged  by  the  row  of 


points  attached  to  the  great  condactoT ;  and  as  the  latter  is  also  completelr 
insulated,  ita  Kurfaee  speedily  acquires  a  charge  of  positive  electricity, 
which  may  be  communicated  by  contact  to  other  inHulated  bodies.  The 
mnximunt  •.'O'ect  iit  producttd  when  the  rubber  is  connected  by  a  chain  or 
wire  with  the  earth.  If  negative  electricity  be  wanted,  the  rubber  must 
be  insalatud  and  tiie  conductor  dlBchargcd. 

Another  form  of  the  electrical  machine  consists  of  a  circular  plate  of 
glass  (fig.  60)  moving  upon  an  axis,  and  provided  with  two  pairs  or  cneh- 
lons  or  rubbers,  attaclied  Ut  the  upper  and  lower  parts  of  the  wooden 
frame,  covered  with  amalgam,  between  which  the  plate  moves  with  con- 
siderable friction.  An  insulated  conductor,  armed  ss  before  with  points, 
discharges  the  plate  as  it  turns,  the  rubber  being  at  the  same  time  con- 
nected with  the  ground  by  the  wood-work  of  the  machine,  or  by  a  strip  of 
metal.  This  form  of  the  apparatus  is  preferred  in  all  cases  where  con- 
siderable power  is  wanted. 

In  the  nianagemont  of  electrical  apparatus,  great  care  roost  be  taken  to 
prevent  deposition  of  moisture  from  the  air  apon  the  surface  of  the  glass 
BUpporta,  which  sbould  always  be  varnished  with  fine  lac  dissolved  in 
alcohol ;  the  slightest  dim  of  wat«r  is  sufficient  to  destroy  the  power  of 
insulation.  The  rubbers  also  must  be  carefully  dried,  and,  like  the  plate, 
cleansed  from  adhering  dust  before  use,  and  the  amalj^am  renewed  if  need- 
ful :  in  damp  weather  muoli  trouble  is  often  experienced  In  bringing  the 
machine  into  powerful  action. 

When  the  conductor  of  the  machine  is  charged  with  electricity,  it  acts 
indirectly  on,  and  accumulates  the  contrary  electricity  to  ita  own,  at  the 
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tnr&ce  of  all  the  sarroanding  condoctors.  It  prodoceB  the  greit^'  effect 
on  the  conductor  that  ia  nearest  to  it  and  is  in  tlio  best  eonDection  vilh  the 
irroDnd,  whercb}'  the  electricity  of  the  same  kind  as  that  nf  tlie  macliinu 
mtj  pass  to  the  earth.     A9  the  inducing  electricity  attracts  the  induced 


electricity  of  an  oppiwlte  kind,  bo,  on  the  other  hand,  la  the  former  at- 
tracted by  the  latter.  Uence,  the  electricity  which  the  conductor  receives 
btna  the  machine  must  especially  accumulate  at  that  spot  to  which  another 
good  conductor  of  electricity  is  opposed.  If  a  metal  disk  is  in  connection 
with  the  conductor  of  a  machine,  and  if  another  similar  disk,  in  good  con- 
nection with  the  earth,  ix  placed  opposite  to  it,  we  have  an  arrangement 
by  which  tolerably  large  and  good  conducting  surfaces 
con  be  brought  close  to  one  another ;  thtis  tlie  positive  ^'*-  *'■ 

condition  of  the  first  disk,  as  well  as  the  negative  condi- 
tion of  the  other,  must  bo  increased  to  a  very  conside- 
rable degree;  the  limit  is  in  this  case,  however,  soon 
reached,  becanse  the  intervening  air  easily  permits 
spark -discharge  to  take  place  through  its  su^taiice. 
With  a  solid  insulating  body,  as  glass  or  tiic,  this  hap- 
pens with  mnch  greater  difficulty,  even  when  the  plate 
of  insulating  matter  is  very  thin.  It  is  on  this  principle 
that  instruments  for  the  oFcumij/ad'tii  of  electricity  depend, 
among  which  the  Leyden  jar  is  the  most  important. 

A  thin  glass  Jar  is  coated  on  both  sides  with  tinfoil, 
care  bcine  taken  to  leave  several  inches  of  the  upper 
part  anoovcred  (fig.  61)  ;  a  wire,  terminating  in  a  mi-tal- 
lic  knob,  oommunicatvs  with  the  internal  coating.    When 
the  outside  of  the  jar  is  connecled  with  the  earth,  and  the  knob  put  in 
contact  with  the  conductor  of  the  machine,  the  inner  and  outer  surfaces 
of  the  glass  become  respectively  positive  and  negntive,  antil  a  very  great 
degree  of  inteoaity  has  been  attained.    On  completing  the  oonneclion  bo- 
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twecn  the  two  coatings  by  a  metallic  wire  or  rod,  discharge  occurs  in  the 
form  of  an  exceedingly  bright  spark,  accompanied  by  a  loud  snap  :  and 
if  the  human  body  be  interposed  in  the  circuit,  the  peculiar  and  disagree- 
able sensation  of  the  electric  shock  is  felt  at  the  moment  of  its  completion. 
By  enlarging  the  dimensions  of  the  jar,  or  by  connecting  together  a 
number  of  such  jars  in  such  a  manner  that  all  may  be  charged  and  dis- 
charged simultaneously,  the  power  of  the  apparatus  may  be  greatly  aug- 
mented. Thin  wires  of  metal  may  be  fused  and  dissipated  ;  pieces  of 
wood  may  be  shattered  ;  many  combustible  substances  set  on  fire  ;  and  all 
tlie  well-known  effects  of  lightning  exhibited  upon  a  small  scale. 

The  electric  spark  is  often  V€»ry  conveniently  employed  in  chemical  in- 
quiries for  firing  gaseous  mixtures  in  closed  vessels.  A  small  Lcyden  jar 
charged  by  the  machine  is  the  most  effective  contrivance  for  tliis  purpose  ; 
but,  not  unfrequently,  a  method  may  be  resorted  to  which  involves  less 
preparation.  This  method  was  devised  by  Bunsen.  A  large  porcelain 
tuln*,  wliich  is  dry  and  warm,  is  wrapped  round  and  rubbed  briskly  by  a 
dry  silken  cloth,  and  after  each  rub,  the  tube  is  brought  in  the  immediate 
neighborhood  of  the  knob  of  a  small  Leyden  jar,  the  outer  4x>ating  of  this 
vessel  being  in  connection  with  the  earth. 

The  electrophorus  (fig.  62)  is  also  frequently  used  for  this  purpose. 
This  instrument  consists  of  a  round  tray  or  dish  of  tinned  plate,  having 
a  stout  wire  round  its  upper  edge ;  the  width  may  be  about  twelve  inches, 

and  the  depth  half  an  inch.     This  tray 
FiS*  ^  is  filled  with  melted  shellac,  and  the  sur- 

face rendered  as  even  as  possible.  A 
brass  disk,  with  rounded  edge,  of  about 
nine  inches  diameter,  is  also  provided, 
and  fitted  with  an  insulating  handle. 
The  resinous  plate  is  excited  by  striking 
it  with  a  dry,  warm  piece  of  fur  or  flan- 
nel, whereby  it  becomes  charged  with 
negative  electricity.  If  the  cover  be  then 
placed  upon  it,  the  positive  electricity  is 
drawn  to  the  under  surface  of  the  metal 
nearest  to  the  negatively  charged  resinous 
oake,  while  the  negative  electricity  is  repelled  to  the  upper  surface  of  the 
cover  ;  on  touching  the  cover  with  the  finger,  the  negative  electricity 
passes  away  to  the  earth,  while  an  additional  quantity  of  positive  electri- 
city is  drawn  into  the  plate  ;  and  if  the  finger  be  removed  and  the  cover 
then  lifted  by  its  insulating  handle,  it  will  be  found  so  strongly  charged 
by  induction  with  positive  electricity  as  to  give  a  bright  spark  ;  and  as  the 
resin  is  not  discharged  by  the  cover,  which  merely  touches  it  at  a  few 
points,  sparks  may  Ix?  drawn  as  often  as  may  bo  wished. 

Atmospheric  Electricity. — It  is  not  known  to  what  cause  the  disturbance 
of  the  electrical  equilibrium  of  the  atmosphere  is  due  :  experiment  has 
shown  that  the  hi«rher  regions  of  the  air  are  usually  in  a  positive  state, 
the  intensity  of  which  reaches  a  maximum  at  a  particular  period  of  the 
day.  In  cloudy  and  stormy  weather  the  distribution  of  the  atmospheric 
electricity  l)ecomes  much  deranged,  clouds  near  the  surface  of  the  earth 
often  appearing  in  a  negative  state. 

The  circumstances  of  a  thunder-storm  exactly  resemble  those  of  the 
charge  and  discharge  of  a  coated  plate  or  jar ;  the  cloud  and  the  earth 
represent  the  two  coatings,  and  the  intervening  air  the  bad  conducting  body, 
or  dielectric,  Tlie  polarities  of  the  opposed  surface  and  of  the  insulating 
medium  between  them  become  raised  by  mutual  induction,  until  violent 
disruptive  discharge  takes  place  through  the  air  itself,  or  through  any 
other  bodies  which  may  happen  to  bo  in  the  interval.     When  these  are 
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capable  of  oonducting  freely,  the  discharge  is  silent  and  harmless  ;  but  in 
other  cases  it  often  proves  highly  destructive.  These  dangerous  eil'ects  are 
notr  in  a  great  measure  obviated  by  the  use  of  lightning-rods  attached  to 
.  buildings,  the  erection  of  which,  however,  demands  a  number  of  precau- 
tions not  always  understood  or  attended  to.  The  masts  of  ships  may  be 
guarded  in  like  manner  by  metal  conductors.  Sir  W.  Snow  Harris  has 
devised  a  most  ingenious  plan  for  the  purpose,  which  is  now  adopted,  with 
complete  success,  in  the  Royal  Navy. 

The  electricity  exhibited  under  certain  circumstances  by  a  jet  of  steam, 
first  observed  by  mere  accident,  but  since  closely  investigated  by  Sir  W. 
Armstrong,  and  afterwards  by  Faraday,  is  now  referred  to  the  friction,  not 
of  the  pure  steam  itself,  but  of  particles  of  condensed  water,  against  the 
interior  of  the  exit-tube.  It  has  been  proved  with  certainty,  within  the 
last  few  years,  that  evaporation  alone  is  not  capable  of  disturbing  the  elec- 
trical equilibrium,  and  the  hope  first  entertained,  that  these  phenomena 
would  throw  light  upon  the  cause  of  electrical  excitement  in  the  atmos- 
phere, is  now  abandoned.  The  steam  is  usually  positive  if  the  jet-pipe  be 
constructed  of  wood  or  clean  metal,  but  the  introduction  of  the  smallest 
trace  of  oily  matter  causes  a  change  of  sign.  The  intensity  of  the  charge 
is,  cateris  paribusy  increased  with  the  elastic  force  of  the  steam.  By  this 
means  effects  have  been  obtained  very  far  surpassing  those  of  the  most 
powerful  plate  electrical  machines  ever  constructed. 

Although  no  electricity  can  be  directly  evolved  by  evaporation,  yet 
vapor  possesses  in  a  high  degree  the  property  of  discharging  into  the  atmos- 
phere that  electricity  which  often  accumulates  in  bodies  from  which  it 
arises.  The  fresh  branches  and  leaves  of  trees  do  this  to  the  greatest  ex- 
tent. When  moistened  with  rain  or  dew,  their  surfaces  become  positively 
electrical,  whilst  the  internal  parts,  even  to  the  roots,  become  negatively 
electrical, 

ELBCTRIC   CUBBBNT  ;     BLBCTBIC    BATTBBT. 

When  two  solid  conducting  bodies  are  plunged  into  a  liquid  which 
^zts  upon  them  unequally,  the  electric  equilibrium  is  disturbed,  the 
one  acquiring  the  positive  condition,  and  the  other  the  negative.  Thus, 
pieces  of  zinc  and  platinum  put  into  dilute  sulphuric  acid,  constitute  an 
arrangement  capable  of  generating  electrical  force :  the  zinc,  which  is  the 
metal  attacked,  becomes  negative  ;  the  platinum,  which  remains  unaltered, 
assumes  the  positive  condition  ;  and  on  making  a  metallic  communication 
in  any  way  between  the  two  plates,  discharge  ensues,  as  when  the  two 
sorfaoes  of  a  coated  and  charged  jar  are  put  into  connection. 

No  sooner,  however,  has  this  occurred,  than  the  disturbance  is  repeated; 
and  as  these  successive  charges  and  discharges  take  place  through  the 
fluid  and  metals  with  inconceivable  rapidity,  the  result  is  an  apparently 
continuous  action,  to  which  the  term  electrical  current  is  given. 

It  is  necessary  to  guard  against  the  idea,  which  the  term  naturally  sug- 
gests, of  an  actual  bodily  transfer  of  something  through  the  substance  of 
the  conductors,  like  water  through  a  pipe  ;  the  real  nature  of  all  these 
phenomena  is  entirely  unknown ;  the  expression  is  convenient  notwith- 
standing, and  consecrated  by  long  use ;  and  with  this  caution,  the  very 
dangerous  error  of  applying  figurative  language  to  describe  an  effect,  and 
then  seeking  the  nature  of  the  effect  from  the  common  meaning  of  words, 
may  be  avoided. 

The  intensity  of  the  electrical  excitement  developed  by  a  single  pair  of 
metals  and  a  liquid  is  too  feeble  to  affect  the  most  delicate  gold-leaf  electro- 
scope ;  but,  by  arranging  a  number  of  such  alternations  in  a  connect(Hl 
series,  in  such  a  manner  that  the  direction  of  the  current  shall  be  the 
10 
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The  term  ''galvanism,"  sometimes  applied  to  this  branch  of  electrical 
science,  is  used  in  honor  of  Galvani,  of  Bologna,  who,  in  1790,  made  the 
very  curious  observation  that  convulsions  could  be  produced  in  the  limba 
of  a  dead  frog  when  certain  metals  were  made  to  touch  the  nerve  and  mus- 
cle at  the  same  moment.  It  was  Volta,  however,  who  pointed  out  the 
electrical  origin  of  these  motions ;  and  although  the  explanation  he  offered 
of  the  source  of  the  electrical  disturbance  is  no  longer  generally  adopted, 
his  name  is  very  properly  associated  with  the  invaluable  instrument  his 
genius  gave  to  science. 


ELECTBO-MAOKBTISM. 

Although  the  fact  that  electricity  is  capable,  under  certain  circum- 
stances, both  of  inducing  and  of  destroying  magnetism,  has  long  been 
known  from  the  effects  of  lightning  on  the  compass-needle  and  upon  small 
steel  articles,  as  knives  and  forks,  to  which  polarity  has  suddenly  been 
given  by  the  stroke,  it  was  not  until  1819  that  the  laws  of  these  phe- 
nomena were  discovered  by  Oersted,  of  Copenhagen,  and  shortly  after- 
wards fully  developed  by  Ampere. 

If  a  wire  conveying  an  electrical  current  be  brought  near  a  magnetic 
needle,  the  latter  will  immediately  alter  its  position,  and  assume  a  new 
one  as  nearly  perpendicular  to  the  wire  as  the  mode  of  suspension  and  the 
magnetism  of  the  earth  will  permit.  When  the  wire,  for  example,  is  placed 
directly  ov«ir  the  needle,  and  parallel  to  its  length,  while  the  current  it 
carries  travels  from  north  to  south,  the  needle  is  deflected  from  its  ordinary 
direction,  and  the  north  pole  driven  to  the  eastward.  When  the  current 
is  reversed,  the  same  pole  deviates  to  an  equal  amount  towards  the  west. 
Placing  the  wire  below  the  needle  instead  of  above  produces  the  same  effect 
as  reversing  the  current. 

The  direction  which  the  needle  will  assume  when  placed  in  any  par- 
ticular position  to  the  conducting  wire  may  be  determined  by  the  following 
rule  :  Let  the  current  be  supftosed  to  pass  through  a  watch  from  the  face  to  the 
back :  the  motion  of  the  north  pole  vnll  be  in  the  direction  of  the  hands.  Or,  let 
the  observer  inuKjine  hintself  swimming  in  the  direction  of  the  current  with  his  face 
towards  the  needle :  Ote  north  pole  of  tfie  needle  will  then  be  deflected  towards  his 
left  hand. 


Fi?  67. 


Fig.  68. 
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If  reference  is  often  required,  a  little  piece  of  apparatus  (fig.  68)  may  be 
used,  consisting  of  a  piece  of  pasteboard,  or  other  suitable  material,  cut 
into  the  form  of  an  arrow  for  indicating  the  current,  crossed  by  a  magnet 
having  its  poles  marked,  and  arranged  in  the  true  position  with  respect 
to  the  current.  The  direction  of  the  latter  in  the  wire  of  the  galvanoscope 
can  at  once  be  known  by  placing  the  representative  magnet  in  the  direction 
assumed  by  the  needle  itself. 

When  the  n/eedle  is  subjected  to  the  action  of  two  currents  in  opposite 
directions,  the  one  above  and  the  other  below,  they  will  obviously  concur 


ELECTRICITY. 


113 


Fig.  60. 


ID  tlieir  effects.  The  same  thing  happens  when  the  wire  carrying  the 
eorrent  is  bent  npon  itself,  and  the  needle 
placed  between  the  two  portions  as  in  fig.  (59 ; 
and  since  everj  time  the  bending  is  repeated, 
a  fresh  portion  of  the  current  is  made  to  act  in 
the  same  manner  upon  the  needle,  it  is  easy  to 
see  how  a  current,  too  feeble  to  produce  any 
effect  when  a  simple  straight  wire  is  employed, 
may  be  made  by  this  oontrivance  to  exhibit  a 
powerful  action  on  the  magnet.  It  is  on  tills 
principle  that  instruments  called  galvanomeires, 

gaUaiwscopes^  or  multipliers^  are  constructed ;  they  serve  not  only  to  indi- 
cate the  existence  of  electrical  currents,  but  to  show,  by  the  eifects  upon 
the  needle,  the  direction  in  which  they  are  moving. 

The  delicacy  of  the  instrument  may  be  immensely  increased  by  the  use 
of  a  very  long  coil  of  wire,  and  by  the  addition  of  a  second  net-die.  The 
two  needles  are  of  equal  size,  and  magnetized  as  nearly  as  possible  to  the 
same  extent;  they  are  then  immovably  fixed  together  parallel,  and  with 
their  poles  oppoa^,  and  hung  by  a  long  fibre  of  untwisted  silk,  with  the 
lower  needle  in  the  coil,  and  the  upper  one  above  it.  The  advantage  thus 
gained  is  twofold  ;  the  system  is  astatic^  unaffected,  or  nearly  so,  by  the 
magnetism  of  tlie  earth ;  and  the  needles,  being  both  acted  upon  in  the 
Bame  manner  by  the  current,  are  urged  with  much  greater  force  than  one 
alone  would  be,  all  the  actions  of  every  part  of  the  coil  being  strictly  con- 
current. A  divided  circle  is  placed  below  the  upper  needle,  by  which  the 
angular  motion  can  be  measured,  and  the  whole  is  inclosed  in  glass,  to 
shield  the  needles  from  the  agitation  of  the  air.  The  arrangement  is 
shown  in  fig.  70. 

Fig.  70. 


The  direction  of  the  current  which  deflects  the  galvanometer-needle  in  a 
particular  way  is  easily  determined  by  the  rules  given  on  page  112,  when 
we  know  the  direction  in  which  the  wire  is  coiled  round  the  frame.  For 
this  purpose  it  is  necessary  to  distinguish  between  right-handed  and  left- 
handed  coils  or  helices.  Suppose  the  wire  to  be  coiled  round  a  cylinder 
beginning  at  the  left  hand  ;  then  if  the  turns  in  front  of  the  cylinder  pro- 
ceed from  below  upwards,  as  in  fig.  71,  the  coil  is  loft-handed  ;  if,  on  the 
contrary,  they  proceed  in  front  from  above  downwards,  as  in  fig.  72,  the 
coil  is  right-handed. 
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A  magnetic  needle,  placed  with  its  centre  in  the  axis  of  each  a  coil,  turns 
its  north  or  south  pole  towards  the  end  of  the  coil  at  which  the  current 
enters,  according  as  the  coil  is  left-  or  right-handed. 


Fig.  71. 


Fig.  72. 


The  direction  given  to  the  needle  is  the  same  whether  the  coil  is  elongated^ 
as  in  the  above  figures,  or  compressed,  as  in  the  galvanometer.  As,  how- 
ever, in  the  galvanometer,  when  complete,  it  is  not  easy  to  see  whether  the 
coil  is  left-  or  right-handed,  it  is  best  to  determine  by  experiment,  once  for 
all,  the  direction  taken  by  the  needle  when  the  current  enters  at  one  par- 
ticular end  of  the  coil. 


Action  of  the  Magnet  on  the  Electric  Current, — ^The  action  between  the  cur- 
rent and  the  magnet  is  mutual,  so  that  if  the  conductor  conveying  the  cur- 
rent is  free  to  move,  it  is  deflected  in  the  direction  opposite  to  that  which 
the  magnet  takes  under  its  influence  ;  in  short,  if  the  magnet  and  conduct- 
ing wire  are  both  free  to  move,  they  place  themselves  at  right  angles  to 
each  other,  the  magnet  moving  in  the  manner  Indicated  at  page  112,  and 
the  wire  in  the  opposite  direction. 

The  action  of  the  magnet  on  the  current  may  be  shown  by  moans  of 
Ampere's  apparatus  (flg.  73).  On  holding  a  bar-magnet  below  the  rect- 
angular wire,  and  parallel  to  its  lower  horizontal  arm,  the  wire  turns  round 
and  places  itself  at  right  angles  to  the  magnet,  the  position  of  equilibrium 
being  determined  by  the  rule  just  alluded  to. 


Fig.  78. 


Kig.  74. 
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A  simpler  apparatus  for  the  purpose  is  Be  la  Rive's  floating  battery, 
which  consiflts  of  a  pair  of  zinc  and  copper  plates,  contained  in  a  wide 
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gUsa  tabe  attached  to  s  cork  float,  and  connected  together  b;  b  rectangular 
vire,  ur  a  U&t  cuil,  or  elongated  hulix  of  covurod  wire  (fig.  74). 

A  movable  electric  current  U  deflected  by  the  eartli'ii  magnetism  in  ihe 
lame  way  as  by  an  ordiuary  maguet.  ThuB  the  rectangular  wire  of  Am- 
jKK'a  apparatun,  or  of  a  Uoatiug  battery,  when  left  to  itself,  will  take  up 
>  poaitian  at  right  augli«  to  the  magnetic  meridian  ;  and  remembering  that 
the  north  uiaguelic  pole  of  the  earth  is  analogous  to  the  Bouth  pole  of  an 
ordinary  magnet,  it  is  easy  to  aoa  that,  in  the  poaitiou  of  stable  equilibrinm, 
the  direction  of  the  current  will  be  from  east  to  west  in  the  lower  horizontal 
branch  ;  and  from  below  upwards  on  the  western  vertical  side.  If  the  wire 
has  the  form  of  a  long  helix,  it  will,  in  lUce  manner,  place  itself  with  the 
turns  of  the  helix  at  right  angles  to  the  magnetic  meridian,  and  therefore 
with  its  axis  parallel  to  that  meridian,  the  ends  pointing  north  and  south, 
Juat  like  those  of  an  ordinary  magnetic  needle.  If  the  helix  ia  Itfl-handed, 
the  end  uonnectdd  with  the  copper  plate  of  the  battery  will  point  to  the  north. 

Mahial  Action  of  Slectnc  Currents, — If  a  conducting  wire,  connecting  the 
poles  of  a  voltaic  battery,  be  brought  near  the  movable  wire  of  Ani])irH's 
apparatus,  or  the  wire  of  a  floating  battery,  the  movable  wire  will  be 
attracted  or  repelled  according  lo  the  relative  direction  of  the  two  currenla, 
the  general  law  of  the  action  being  that,  fltOric  amatti  mocing  in  paralltl 
(inei  altract  one  aBother  if  thei/  move  in  the  aame  direction,  and  rt]>el  one  aiiollieT 
if  llieij  JKXce  in  opjioiile  dirertuma.  From  this  it  is  easy  to  see  (hat  if  a  helix 
Goonectiug  the  two  poles  of  a  battery  be  brought  near  the  helix  of  a  float- 
ing battery,  and  if  the  two  helices  are  similar — that  is,  both  right*  or  both 
left-handed — their  similar  ends,  i,  e.,  those  by  wliich  the  current  enters 
or  leaves  the  helix,  will  repel  each  other,  and  their  dissimilar  ends  will 
attract  each  otiier,  and  consequently  the  movable  helix  will  place  itself 
parallel  to  tho  fixed  helix  with  its  poles  or  ends  in  the  contrary  direction 
to  those  of  the  Gxetl  helix.  In  short,  the  two  helices  will  act  on  one  another 
exactly  like  two  bar-magnets ;  and  if  an  ordinary  bar-msgnet  be  substi- 
tuted for  the  fixed  helix,  the  efl'ect  will  BtiH  be  the  same,  each  end  of  the  mov- 
able helix  being  attracted  by  one  pole  of  the  magnet  and  repelled  by  the  other. 

Thia  striking  resemblance  betwei'tt  the  mutual  action  of  electric  currents 
and  that  of  magnets  has  led  to  the  idea,  suggested  and  developed  by  Anipire, 
that  magnetism  is  actually  pro- 
duced by  electric  currents  cir-  ^-  '*• 
CQlating  round  the  raoleculeB  of 
a  magnet  all  in  the  same  direc- 
tion. These  currents  roay  be 
supposed  to  pre-exist  in  all  mag- 
netic bodie«,  even  before  the 
development  of  magnetic  polar- 
ity, but  to  be  disposed  without 
regnlarity,  so  thai  they  neutral- 
ize each  other.  Magnetization 
ia  the  process  by  which  these 
molecnlar  purrents  are  made  lo 
move  in  one  direction,  those 
■itnated  at  the  snrface  yieldinjf, 
as  their  resultant,  a  finite  cur- 
rent circnlatingronnd  the  mag- 
net, while  the  currents  in  the 

interior  are  neutralised  by  those  in  the  next  external  layer,  the  contignona 
portions  of  which  move  in  a  direction  opposite  to  their  own.  The  result- 
ant action  of  all  thesnmolecul.ir  currents  is  equivalent  to  that  of  a  number 
of  currents  circulating  round  the  magnet  in  planes  perpendicular  to  it« 
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Fig.  76. 


axis  (fig.  75) ;  and,  from  what  has  been  said  about  the  mutual  action  of 
magnets  and  helices  traversed  by  electric  currents,  it  is  easy  to  see  that, 
on  looking  along  the  axis  of  a  magnet  with  its  south  pole  towards  the 
observer,  the  current  moves  in  the  direction  of  the  hands  of  a  watch,  that 
is,  upwards  on  the  left  side,  and  downwards  on  the  right. 

ELBCTBO-DTNAHIC    INDUCTIOIT. 

1.   Magnetization  by  the  Current. — ^When  an   electro-current   is    passed 
through  a  wire  placed  at  right  angles  to  a  bar  of  iron  or  steel,  the  bar 

acquires  magnetic  polarity,  temporary  in  the  case  of  soft 
iron,  permanent  in  the  case  of  hard  iron  or  steel,  the 
position  of  the  poles  being  determined  by  the'  direction 
of  the  current,  according  to  the  laws  already  explained. 
This  effect  is  prodigiously  increased  by  coiling  the  con- 
ducting wire  in  a  helix  round  the  bar.  A  piece  of  soft 
iron  worked  into  the  form  of  a  horse-shoe  (lig.  7(i),  and 
surrounded  by  a  coil  of  wire  covered  with  silk  or  cotton 
for  the  purpose  of  insulation,  furnishes  an  excellent  il- 
lustration of  the  inductive  energy  of  the  current  in  this 
respect :  when  the  ends  of  the  wire  are  put  into  com- 
munication with  a  small  voltaic  battery  of  a  single  pair 
of  plates,  the  iron  instantly  becomes  so  highly  magnetic 
as  to  be  capable  of  sustaining  a  very  heavy  weight. 

2.  Induction  of  Electric  Currents  by  the  action  of  Magnets, 
and  of  other  Electric  Currents. — If  the  two  extremities  of 
the  coil  of  the  electro-magnet  above  described  be  con- 
nected with  a  galvanoscope,  and  the  iron  magnetized  by 
the  application  of  a  permanent  steel  horse-shoe  magnet 
to  the  ends  of  the  bar,  a  momentary  current  will  be  devel- 
oped in  the  wire,  and  pointed  out  by  the  movement  of 
the  needle.  It  lasts  but  a  single  instant,  the  needle,  after  a  few  oscillations, 
returning  to  a  state  of  rest.  On  removing  the  magnet,  whereby  the  i)olarity 
of  the  iron  is  at  once  destroyed,  a  second  current  or  wave  will  become  appa- 
rent, but  in  the  opposite  direction  to  that  of  the  first.  By  employing  a 
very  powerful  steel  magnet,  surrounding  its  iron  keeper  or  armature  with 
a  very  long  coil  of  wire,  and  then  making  the  armature  itself  rotate  in 
front  of  the  faces  of  the  magnet,  so  that  its  induced  polarity  shall  be 
rapidly  reversed,  magneto-electric  currents  may  be  produced,  of  such 
intensity  as  to  give  bright  sparks  and  most  powerful  shocks,  and  exhibit 
all  the  phenomena  of  voltaic  electricity.  Fig.  77  represents  a  very  powerful 
arrangement  of  this  kind. 

When  two  covered  wires  are  twisted  together  or  laid  side  by  side  for 
some  distance,  and  a  current  transmitted  through  the  one,  a  momentary 
electrical  wave  will  be  induced  in  the  other  in  the  reverse  direction  ;  and 
on  breaking  connection  with  the  battery,  a  second  single  wave  will  become 
evident  by  the  aid  of  the  galvanoscojw,  in  the  same  direction  as  that  of  the 
primary  current.  In  the  same  way,  when  a  current  of  electricity  passes 
through  one  turn  in  a  coil  of  wire,  it  induces  two  secondary  currents  in 
all  the  other  turns  of  the  coil ;  the  first  current,  which  is  induced  when 
the  circuit  is  closed,  moves  in  the  opposite  direction  to  the  primary  current ; 
the  second,  which  comes  in  existence  when  the  circuit  is  broken,  has  a 
motion  in  the  same  direction  as  the  primary  current.  The  effect  of  the 
latter  is  added  to  that  of  the  primary  current.  Hence,  if  a  wire  coil  be 
made  part  of  the  conducting  wire  of  a  weak  electric  pile,  and  if  the  pri- 
mary current,  by  means  of  an  appropriate  arrangement,  be  made  and 
broken  in  rapid  succession,  we  can  increase  in  a  remarkable  manner  the 
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iStetA  which  aro  prodncfid  at  the  moment  of  breaking  the  circuit,  citlior 
U  the  place  of  interruption.  Buch  aa  the  spark -digcliarges,  or  in  socotitiarf 
ciwiag  conductorti,  as  in  the  action  on  tho  nerrea,  or  in  the  devompoailiou 


If  the  two  oopppT  irirra,  the  ono  above  the  other,  be  twisted  roand  the 
tua,:  hollow  cylinder,  aud  one  of  tlieso  wireH — the  inner  onu,  for  instance 
— be  mitlc  part  of  a  galvanic  circuit,  a  curn'nt  of  short  duration  is  in- 
dacvd  in  the  outer  wire,  both  by  making  and  by  breaking  contact.  The 
slr<>ngth  at  this  current  can  be  vtTy  approeiably  increased  by  filling  the 
li"ilow  cylinLlor  with  a  bundle  of  thin  iron  rods,  whereby  magnetic  and 
tleetrical  indnctinn  ara  made  to  eo-operate.  The  more  frequcnily  contact 
U  allernately  made  and  broken,  the  greater  is  tho  number  of  induced 
cnrrents  that  Ibllow  eacli  othor,  and  tho  more  powerful,  within  certain 
limits,  a  the  action.  By  an  ingenious  contrivance,  the  invention  of  Dr. 
Heef,  in  which  contact  is  made  and  broken  by  the  current  itself,  the  in- 
duction apparatus  actually  becomes  an  electrical  machine.  Fig.  7S  exhibits 
the  original  apparatus  slightly  moiliGed.  The  arrangement  consists  essen- 
tially of  an  elastic  copper  strip  a  a',  which  is  died  at  a',  and  carries  at  6  a 
loiall  plate  of  soft  iron.  The  latter  hangs  over  the  iron  rods  of  the  induc- 
tion coil,  which  are  somewhat  raised  in  this  particular  point,  but  without 
touching  them.  The  end  a  of  the  copper  strip  is  covered  with  a  little  plate 
of  platinum,  which  presses  against  a  platinum  point  of  the  screw  c.  The 
current,  having  traversed  the  inner  coil,  passes  from  the  point  c  to  the 

Slate  a,  in  order  to  return  through  the  copper  strip  it  n'  and  the  wire  i. 
y  the  pasHage  of  the  current  the  iron  rods  hove  become  magnetic  and 
allrart  the  iron  plate  b,  whereby  the  end  a  at  the  copper  strip  Is  removed 
from  the  platinum  point,  and  contact  is  broken.  But  ns  soon  as  the  cur- 
rent ceases,  tho  iit>n  rods  lose  their  magnetism,  the  elastic  copper  strip 
returns  lo  its  former  position,  and  establishi's  again  the  current  for  a  short 
time.  The  screws  c  and  d  regulate  the  position  of  thespring  and  the  time 
of  its  odci nations,  the  velocity  of  which  may  bu  estimated  by  the  pitch  of 
the  notes  produced.  This  apparatus,  called  an  Induction  coil,  which 
wu  Brst  made  bj  Dr.  Neef,  in  1B30,  baa  been  considerably  improved  within 


the  loat  tew  jeara.  Bahmkorff  especially,  bj  a  more  perfect  isoEation  nf 
tlie  wire  ooils,  lias  Bacceedud  to  a  much  gruatitr  extunt  in  preserring  the 
electrical  induction.  He  has  tliua  obtsiued  a  state  of  electrical  teusinn 
which  reaemblva  that  produced  by  frictiunal  clectricitj,  capable  of  giving 


long  sparks,  and  shocks  of  anendurable  force.  By  means  (if  Kahmkorff's 
coil,  GroTe  has  effected  deoompositiona  in  water  and  other  bad-conducting 
liquids,  which  resemble  those  obtained  many  years  ago  by  Woliaston  by 
means  of  the  electrical  machine.  These  phenomena  of  decompo«ition, 
which  In  water,  for  instance,  furnish  oxygen  and  hydrogen  at  the  same 
pole,  must  be  distinguiahed  from  trae  electro-cberaical  deoompobitious ; 
Uiej  are,  in  fact,  otfccta  of  heat,  as  Drove  has  pointed  out. 


In  the  year  1822  Professor  Seebeck  of  Berlin  discovered  a  new  sonroe  o( 
electricity,  namely,  inequality  of  temperature  and  conducting  power  in 
different  metals  placed  in  contact,  or  in  the  same  metal  in  different  states 
of  compression  and  density. 

Where  two  pieces  of  different  metals,  connected  ti^ether  at  each  end, 
have  one  of  their  joints  more  heated  than  the  other,  an  electric  current  is 
immediately  set  np.    Of  all  the  metals  tried,  bismuth  and  antimony  form 

Flg.T9. 


r 


I 


ELECTBO-MAGNETISM.  119 


strong  enougli  to  deflect  a  compass  needle  placed  within ;  and,  by  arrang- 
ing a  number  in  a  series  and  heating  their  alternate  ends,  the  intensity 
of  the  current  may  be  very  much  increased.  Such  an  arrangement,  re- 
presented in  fig,  80,  is  called  a  thermo-electric  pile. 

The  current  produced  by  this  instrument,  even  with  a  great  number  of 
alterations,  is  exceedingly  feeble  when  compared  with  that  produced  by 
the  voltaic  pile  ;  but  the  thermomultiplier  placed  in  contact  with  a  deli- 
cate galvanosoope  forms  an  instrument  for  measuring  small  variations  of 
temperature,  far  surpassing  in  delicacy  the  most  sensitive  air-thermometer : 
it  has  rendered  most  important  service  in  the  study  of  radiant  heat. 

A17IVAL  ELECTRICITT. 

Certain  fishes,  as  the  torpedo  or  electric  ray  and  the  electric  eel  (Gym- 
jMtus  deciricus)j  of  South  America,  are  furnished  with  a  special  organ  or 
apparatus  for  developing  electric  force,  which  is  employed  in  defence,  or 
in  the  pursuit  of  prey.  Electricity  is  here  seen  to  be  closely  connected 
with  nervous  power ;  the  shock  is  given  at  the  will  of  the  animal,  and 
great  ez.haastion  follows  repeated  exertion  of  the  power. 


PART  II. 


CHEMISTRY  OF  ELEMENTARY  BODIES. 

It  is  convenient  for  many  reasons  to  commence  the  study  of  the  elemen- 
tary bodies  with  those  which  enter  into  the  composition  of  air  and  water. 

OZTGEN. 

Atomic  weight,  16.— Symbol,  O. 

Oxygen  was  discovered  in  the  year  1774,  by  Scheole,  in  Sweden,  and 
Priestley,  in  England,  independently  of  each  other,  and  described  under 
the  terms  empyreal  air  and  dephlogisttcated  air.  The  name  oxygen*  was 
given  to  it  by  Lavoisier  some  time  afterwards.  Oxygen  exists  in  a  free 
and  unoombined  state  in  the  atmosphere,  mixed  with  another  gaseous 
body,  nitrogen.  No  very  good  direct  means  exist,  however,  for  separating 
it  from  the  latter ;  and,  accordingly,  it  is  always  obtained  for  purposes  of 
experiment  by  decomposing  certain  of  its  compounds,  which  are  very 
numerous. 

The  red  oxide  of  mercury,  or  red  precipitate  of  the  old  writers,  may  be 
employed  for  this  purpose.  In  this  substance  the  attraction  which  liolds 
together  the  mercury  and  the  oxygen  is  so  feeble,  that  simple  exposure  to 
Leat  suffices  to  bring  about  decomposition. 

The  red  precipitate  is  placed  in  a  short  tube  of  hard  glass,  to  which  is 
fitted  a  perforated  cork,  furnished  with  a  piece  of  narrow  glass  tube,  bent 
as  in  fig.  81.  The  heat  of  a  spirit  lamp  being  applied  to  the  substance, 
decomposition  speedily  commences,  and  globules  of  metallic  mercury  col- 
lect in  the  cool  part  of  the  wide  tube,  which  answers  the  purpose  of  a  re- 
tort, while  gas  issues  in  considerable  quantity  from  the  apparatus.  This 
gas  is  collected  and  examined  by  the  aid  of  the  pneumatic  trough,  which 
consists  of  a  vessel  of  water  provided  with  a  shelf,  upon  which  stand  the 
jars  or  bottles  destined  to  receive  the  gas,  filled  with  water  and  inverted. 
By  keeping  the  level  of  the  liquid  above  the  mouth  of  the  jar,  the  water  is 
retained  in  the  latter  by  the  pressure  of  the  atmosphere,  and  entrance  of 
air  is  prevents.  When  the  jar  is  brought  over  the  extremity  of  the  gas- 
delivery  tube,  the  bubbles  of  gas,  rising  through  the  water,  collect  in  the 
upper  part  of  the  jar,  and  displace  the  liquid.  As  soon  as  one  jar  is  filled, 
it  may  be  removed,  still  keeping  its  mouth  l)elow  the  water-level,  and 
another  substituted.     The  whole  arrangement  is  shown  in  fig.  81. 

The  exx)eriment  here  described  is  more  instructive  as  an  instance  of  the 
resolution  by  simple  means  of  a  compound  body  into  its  constituents,  than 
valuable  as  a  source  of  oxygen  gas.  A  better  and  more  economical  method 
is  to  expose  to  heat  in  a  retort,  or  flask  furnished  with  a  bent  tube,  a  por- 
tion of  the  salt  called  potassium  chlorate.  A  common  Florence  flask  serves 
perfectly  well,  the  heat  of  the  spirit-lamp  being  sufficient.  The  salt  melts 
and  decomposes  with  ebullition,  yielding  a  very  large  quantity  of  oxygen 

*  From  fifv,  acid,  and  >«7  a  root  signifyiDg  production. 
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gu,  whicli  tnsy  be  oollected  in  the  way  above  described.  The  first  portion 
of  the  gas  often  oonUias  a  Utile  chlorine.  The  white  aalino  residue  in  the 
flwk  is  potaBBinm  chloride.  This  plan,  which  is  ver;  easy  of  execution, 
is  always  adopted  wben  rery  pare  gas  is  required  for  antUytical  purposee. 


A  third  method,  Tery  good  when  perfect  purity  is  not  demanded,  is  to 
heat  to  redness,  in  an  iron  retort  or  gun-barml,  the  black  manganese  oxide 
of  commerce,  which  andcr  these  circumstances  ButferB  deoompoeition,  al- 
though not  to  the  extent  majiifeat  in  the  red  precipitate. 

If  a  little  of  the  black  manganese  oxide  be  finely  powdered  and  mixed 
with  potassium  chlorate,  and  thin  mliture  healed  in  a  flask  or  retort  by  a 
lamp,  oxygen  will  be  disengaged  with  the  utmost  facility,  and  at  a  far 
lower  temperature  than  when  the  chlorate  alone  is  used.  AH  the  oiygen 
comes  from  the  chlorate,  tbe  manganese  remaining  qaite  nnaltered.  The 
materials  shoiild  be  well  dried  in  a  capsule  before  their  introduction  into 
tiie  flask.  This  experiment  affords  an  instance  of  an  efieot  by  no  means 
rare,  in  whicti  a  body  seems  to  act  by  its  mere  presence,  without  taking 
any  obvioas  part  in  the  change  brought  about. 

Methods  for  the  preparation  of  oiygen  on  a  large  scale  will  be  found  de- 
scribed under  the  heads  of  sulphuric  acid  and  barium  dioxide. 

Whatever  method  be  chosen — and  the  same  remark  applies  to  the  col- 
lection of  all  other  gases  by  similar  means — the  first  portions  of  gas  must 
be  suffered  to  escape,  or  be  received  apart,  as  they  are  contaminated  by 
the  atmospheric  air  of  the  apparatus. 

The  practical  management  of  gases  is  a  point  of  great  importance  to  the 
chemical  stndent,  and  one  with  which  he  most  enrteavnr  to  familiariie 
himself.  Tho  water-trough  jnst  described  is  one  of  the  most  indispensable 
arti''lps  of  the  laboratory,  and  by  its  aid  all  experiments  on  gases  are  car- 
ried on  when  the  gases  themselves  are  rot  sensibly  acted  upon  by  water. 
The  trouRh  is  best  constructed  of  Japanned  copper,  the  form  and  dimen- 
sions bring  regulated  by  the  magnitude  of  the  jars.  It  should  have  a 
firm  shelf,  so  arranjjed  as  to  be  always  about  an  inch  below  the  level  of 
the  water,  and  in  the  shelf  a  groove  should  be  made  ahnnt  half  an  inch 
in  width,  and  the  same  in  depth,  to  admit  the  extremity  of  the  delivery- 
tube  beneath  the  jar,  which  stands  securely  upon  the  shelf.  When  the 
11 
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Fig.  88. 


Fig.  82.  pneumatic  trough  is  required  of 

tolerably  large  dlmensionfl,  it 
may  with  great  advantage  have 
the  form  and  diapofiitions  repre- 
sented in  fig.  82.  The  end  of 
the  groove  spoken  of,  which 
crosses  the  shelf  or  shallow  por- 
tion, is  shown  at  a. 

Gases  are  transferred  from  jar 
to  jar  with  the  utmost  facility, 
by  first  filling  the  vessel,  intc 
which  the  gas  is  to  be  passed 
with  water,  inverting  it,  care- 
fully retaining  its  mouth  below 
the  water  level,  and  then  bring- 
ing beneath  it  the  aperture  of  the  jar  containing  the  gas.  On  gently  in- 
clining the  latter,  the  gas  passes  by  a  kind  of  inverted  decantation  into  the 

second  vessel.  When  the  latter  is  narrow,  a 
funnel  may  be  placed  loosely  in  its  neck,  by 
which  loss  of  gas  will  be  prevented. 

A  jar  wholly  or  partially  filled  with  gas  at 
the  pneumatic  trough  may  be  removed  by 
placing  beneath  it  a  shallow  basin,  or  even  a 
common  plate,  so  as  carry  away  enough  water 
to  cover  the  edge  of  the  jar  ;  and  many  gases, 
especially  oxygen,  may  be  so  preserved  for 
many  hours  without  material  injury. 

Gas-jars  are  often  capped  at  the  top,  and 
fitted  with  a  stopcock  for  transferring  gas  to 
bladders  or  caoutchouc  bags.  When  such  a 
vessel  is  to  be  filled  with  water,  it  may  be 
slowly  sunk  in  an  upright  position  in  the 
well  of  the  pneumatic  trough,  the  stopcock 
being  open  to  allow  the  air  to  escape,  until 
the  water  reaclu«  the  brass  cap.  The  cock 
is  then  to  be  turned,  and  the  jar  lifted  upon  the  shelf,  and  filled  with  gas 
in  the  usual  way.     If  the  trough  be  not  deep  enough  for  this  method  of 

proceeding,  the  mouth  may  be  applied  to 
the  stopcock,  and  the  vessel  filled  by  suck- 
ing out  the  air  uutil  the  water  rises  to  the 
cap.  In  all  cases  it  is  proper  to  avoid  as 
much  as  possible  wetting  the  stopcocks 
and  other  brass  apparatus. 

Mr.  Pepys  contrived  many  years  ago  an 
admirable  piece  of  apparatus  for  storing 
and  retaining  large  quantities  of  gas.  It 
consists  of  a  drum  or  reservoir  of  sheet 
copper,  surmounted  by  a  shallow  trough 
or  cistern,  the  communication  between  the 
two  being  made  by  a  couple  of  tubes  fur- 
nished with  stopcocks,  one  of  which  passes 
nearly  to  the  bottom  of  the  drum,  as  shown 
in  fig.  84.  A  short  wide  open  tube  is  in- 
serted obliquely  near  the  bottom  of  the 
vessel,  into  which  a  plug  may  be  tightly 
screwed.  A  stopcock  near  the  top  serves 
to  transfer  gas  to  a  bladder  or  tube  appa- 
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ratas.  A  glass  wster-gange  ifflxed  to  the  side  of  the  dram,  and  comiDDDi- 
eating  iriLh  both  top  and  Irattnm,  indicates  the  leri^I  of  the  liquid  within. 
To  use  the  gas-holder,  the  plug  ia  6nl  to  be  svroned  into  thi:  lower  open. 
in^,  and  the  drum  oomplelely  filled  vith  nater.  All  tbreu  stopixicks  are 
then  to  b«  closed  and  the  plug  ramoved.  Tho  pressure  of  the  atmosphere 
retains  the  vater  in  the  gas-holder,  and,  if  no  air-leakage  occurs,  tlie 
escape  of  water  is  inconsiderable.  The  extremity  of  the  delivery-tube  is 
Doir  to  be  well  pushed  through  the  open  aperture  into  tho  drum,  so  that 
the  babbles  of  gas  may  rise  without  hindrauce  lo  the  upper  part,  displac- 
ing the  water,  which  flows  out  in  the  same  proportion  into  a  vessel  plaeed 
for  its  reoeption.  When  the  drum  is  HUed,  or  enough  gaa  has  been  col- 
lected, the  tnbe  ia  withdrawn  and  the  plug  screwed  inl«  its  place- 
When  a  portion  of  the  gas  is  to  be  tranaferred  to  a  jar,  the  latter  ia  to 
be  filled  with  water  at  the  pneumatiu  trough,  carried  by  the  help  of  a 
ba.-tin  or  plate  to  the  cistern  of  the  gas-holder,  and 
placed   over   the  ahorler    tube.      On  opening   the  Fig,  Bt. 

ooelc  of  the  neighboring  tube,  the  hydrostatic 
pressare  of  the  column  of  water  will  cause  oom- 
prelsioa  of  the  gas,  anil  increatie  its  elastic  force, 
so  that,  on  gently  turning  the  cock  beneath  the 
jar,  it  will  asceiid  into  the  latter  in  a  rapid  Htroam 
of  bubbles.  Tho  jar,  when  fllled,  may  again  hare 
the  plate  slipped  beneath  it,  and  be  removed  with- 
out dilBcnlty. 

Properties  of  Osygen. — Oxygen,  when  tree  or  nn- 
oomhinHd,  is  known  only  in  the  gaseous  state,  all 
attempts  to  reduce  it  to  the  liquid  or  solid  condi- 
tion by  ooldand  pressure  having  completely  failed.* 
When  pure,  it  Is  colorless,  tasteless,  and  inodorous. 

Oxygen  is,  bulk  for  bulk,  a  little  heavier  than  atmospheric  air,  its 
sp<-ciSc  gravity  being  l.lOfiliS,  referred  to  that  of  air  as  unity,  and  IG  re- 
ferred to  that  of  hydrogen  as  unity.  A  litre  of  oijgon  at  the  standard 
temperature  and  pressure,  that  is  to  say,  at  (P  C.  and  TtiO  millimetres 
barometrio  presiure,  weighs  1.4302S  gram.  At  15.5°  (UOO  p.),  and  under 
a  pressure  of  30  inches,  100  cubic  inches  of  the  gas  weigh  Ai,W  grains. 

Oxygen  is  the  sustaining  principle  of  animal  life,  and  of  all  the  ordi- 
narj^  phenomena  of  combustion.  Bodies  which  burn  in  tho  air,  burn  with 
greatly  inuressed  splendor  in  oxygen  gas.  If  a  taper  be  blown  out,  and 
then  introluced  while  the  wick  remains  red  hot,  it  is  instantly  rekindled: 
a  slip  of  wood  or  a  match  is  relighted  in  the  same  manner.  This  effect  ia 
highly  characteristic  of  oxygen,  there  being  but  one  other  gaa  which  pos- 
sesses the  same  property  ;  and  this  is  easily  distinguished  by  other  means. 
The  experiment  with  the  match  is  also  constantly  used  as  a  ruilo  test  of 
the  purity  of  the  gas  when  It  is  about  to  bo  collected  from  the  retort,  or 
when  it  has  stood  for  some  time  in  contact  with  water  exposed  to  air. 

When  a  bit  of  charcoal  is  alGxed  to  a  wire,  and  plunged  with  a  single 
point  red  hot  into  a  jar  of  oxygen,  it  burns  with  great  brilliancy,  throwing 
olf  beautiful  scintillations,  until,  if  the  oxygeit  be  in  excess,  it  is  com- 
pletely consumed.  An  iron  wire,  or,  still  better,  a  sleel  watch-spring, 
armed  at  its  extremity  with  a  bit  of  lighted  amadou,  and  introduced  into 
a  vessel  of  oxygen  gaa,  exhibits  a  most  beautiful  phenomenon  of  combus- 
tion. If  the  experiment  be  made  in  a  jar  standing  on  a  plain,  the  fusi-d 
globules  nf  black  iron  oxide  Gx  themselves  in  the  glaze  of  the  latter,  after 
falling  through  a  stratum  of  water  half  an  inch  ia  depth.  Kindleil  sul- 
phur  burns  with  great  beauty  in  oxygen  ;  and  phosphorus,  under  similar 
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circamstanoes,  exhibits  a  splendor  which  the  eye  is  scarcely  able  to  sup- 
port. In  each  case  the  burning  body  enters  into  combination  with  the 
oxygen,  forming  a  compound  called  an  oxide. 

When  a  body  burns  in  oxygen  gas  the  same  ultimate  effect  is  produced 
as  in  atmospheric  air ;  the  action  is,  however,  more  energetic,  from  the 
absence  of  the  gas  which,  in  the  air,  dilutes  the  oxygen  and  enfeebles  its 
chemical  powers.  The  process  of  respiration  in  animals  is  an  effect  of  the 
same  nature  as  common  combustion.  The  blood  contains  substances  which 
slowly  bum  by  the  aid  of  the  oxygen  thus  introduced  into  the  system. 
When  this  action  ceases,  life  becomes  extinct. 

Ozone. — It  has  long  been  known  that  dry  oxygen,  or  atmospheric  air, 
when  exposed  to  the  action  of  a  series  of  electric  sparks,  emits  a  peculiar 
and  somewhat  metallic  odor.  The  same  odor  may  be  imparted  to  moist 
oxygen  by  allowing  phosphorus  to  remain  for  some  time  in  it,  and  by  several 
other  processes.  A  more  accurate  examination  of  this  odorous  air  has 
shown  that,  in  addition  to  the  smell,  it  possesses  several  properties  not 
exhibited  by  oxygen  in  its  ordinary  state.  One  of  its  most  characteristic 
effects  is  the  liberation  of  iodine  from  potassium  iodide.  This  odorous 
principle  has  been  the  subject  of  many  researches,  in  particular  by  Schon- 
bein,  of  Basle,  who  proposed  for  it  the  name  of  ozone.* 

An  easy  method  of  exhibiting  the  production  of  ozone  is  to  transmit  a 
current  of  oxygen  through  a  tube  into  which  a  pair  of  platinum  wires  is 
sealed,  with  the  points  at  a  little  distance  apart ;  on  connecting  one  of  the 
wires  with  the  prime  conductor  of  an  electrical  machine  in  good  action, 
and  the  other  with  the  ground,  the  characteristic  odor  of  ozone  is  immedi- 
ately developed  in  the  issuing  gas ;  but,  notwithstanding  the  powerful 
odor  thus  produced,  only  a  small  portion  of  the  oxygen  undergoes  this 
change.  Andrews  and  Tait  have  shown  that,  to  obtain  the  maximum  of 
ozone,  it  is  necessary  to  transmit  the  discharge  silently,  between  very  fine 
points ;  if  sparks  are  allowed  to  pass,  a  considerable  portion  of  the  ozone 
is  reconverted  into  ordinary  oxygen  as  fast  as  it  is  formed.  Siemens  pre- 
pares ozone  by  induction :  he  forms  a  sort  of  Leyden  jar,  by  coating  the 
interior  of  a  long  tube  with  tinfoil,  and  passes  over  this  tube  a  second 
wider  tube,  coated  with  tinfoil  on  its  outer  surface.  Between  the  two 
tubes  a  current  of  pure  dry  oxygen  is  passed,  which  becomes  electrified  by 
induction,  on  connecting  the  inner  and  outer  coating  with  the  terminal 
wires  of  an  induction-coil ;  by  this  means  it  is  said  that  from  10  to  15  per 
cent,  of  the  oxygen  may  be  converted  into  ozone. 

Ozone  may  also  be  obtained  in  several  ways,  without  the  aid  of  electri- 
city ;  thus  it  is  formed  in  small  quantity  when  a  stick  of  phosphorus  is 
suspended  in  a  bottle  filled  with  moist  air ;  in  the  electrolytic  decomposi- 
tion of  water ;  and  by  the  action  of  strong  sulphuric  acid  on  potassium 
permanganate.  Thtfre  has  been  considerable  discussion  about  the  nature 
and  composition  of  ozone  ;  but  the  most  trustworthy  experiments  seem  to 
show  that,  in  whatever  way  produced,  it  is  merely  a  modified  form  of  oxygen. 

Ozone  is  insoluble  in  water  and  in  solutions  of  acids  or  alkalies,  but  it 
is  absorbed  by  a  solution  of  potassium  iodide.  Air  charged  with  it  exerts 
an  irritating  action  on  the  lungs.  Ozone  is  decomposed  by  heat,  gradually 
at  lOOO  (2120  F.),  instantly  at  290O  (5640  F.).  It  is  an  extremely  powerful 
oxidizing  agent ;  x)ossesses  strong  bleaching  and  disinfecting  powers ;  cor- 
rodes cork,  caoutchouc,  and  other  organic  substances  ;  and  rapidly  oxidizes 
iron,  copper,  and  even  silver  when  moist,  as  well  as  dry  mercury  and  iodine. 
It  is  remarkable  that  the  absorption  of  ozone  by  these  and  other  agents  is 
not  attended  with  any  contraction  of  volume.     The  explanation  of  this  fact 

*  From  'Cfiv,  to  emit  an  odor. 
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appears  to  be  that  oxygen,  when  ozonized,  diminishes  in  volume  (in  the 
proportion  of  3  to  2,  according  to  Soret),  and  that  when  the  ozone  is  decom- 
posed by  a  metal  or  other  substance,  one  portion  of  it  enters  into  combina- 
tion, while  the  remainder,  which  is  set  free  as  ordinary  oxygen,  occupies 
the  same  bulk  as  the  ozone  itself. 

The  most  delicate  test  for  the  presence  of  ozone  in  any  gas  is  afforded  by 
a  strip  of  paper  moistened  with  a  mixture  of  starch  and  solution  of  potas- 
sium iodide.  On  exposing  such  paper  to  the  action  of  ozone,  the  potassium 
iodide  is  decomposed,  its  potassium  combining  with  oxygen,  while  the 
iodine  is  liberated,  and  forms  a  deep  blue  compound  with  the  starch.  Now, 
when  paper  thns  prepared  is  exposed  to  the  open  air  for  five  or  ten  minutes. 
It  often  acquires  a  blue  tint,  the  intensity  of  which  varies  on  different  days. 
Benoe,  it  is  supposed  that  ozone  is  present  in  the  air  in  variable  quantity. 
But  iodine  may  be  liberated  from  potassium  iodide  by  many  other  agents, 
especially  by  certain  oxides  of  nitrogen,  which  are  very  likely  to  be  present 
in  the  air  in  minute  quantities  :  hence,  the  existence  of  ozone  in  the  air 
cannot  be  proved  by  this  reaction  alone. 

Houzeau  has,  however,  shown  that  a  solution  of  potassium  iodide  exposed 
to  the  air  in  the  open  country  becomes  alkaline ;  an  effect  which  cannot  be 
attributed  to  nitrous  acid.  Moreover,  Andrews  finds  that  the  constituent 
of  the  air  which  separates  iodine  from  potassium  iodide  is  destroyed  by  the 
same  influences  as  ozone,  viz.,  by  a  temperature  of  237^  (45 80  F.),  or  by 
contact  with  manganese  dioxide  and  other  peroxides.  The  presence  of 
ozone  in  the  air  can  therefore  no  longer  be  doubted. 

Oxides. — Oeneral  Laws  of  Chemical  Combination. — Chemi« 
oal  Nomenclature  and  Notation. — ^The  compounds  formed  by  the 
union  of  oxygen  with  other  bodies  bear  the  general  name  of  oxides  ;  they 
are  very  numerous  and  important.  They  are  conveniently  divided  into 
three  principal  groups  or  classes.  The  first  division  contains  all  those 
oxides  which  resemble  in  their  chemical  relations  the  oxides  of  potassium, 
sodium,  silver,  or  lead:  these  are  denominated  alkaline  or  basic  ox- 
ides. The  oxides  of  the  second  group  have  properties  opposed  to  those 
of  the  bodies  mentioned  ;  the  oxides  of  sulphur  and  phosphorus  may  be 
taken  as  typical  representatives  of  the  class  ;  they  are  called  acidoxides, 
and  are  capable  of  uniting  with  the  basic  oxides,  and  forming  compounds 
called  salts.  Thus,  when  the  oxide  of  sulphur,  called  sulphuric  oxide, 
is  passed  in  the  state  of  vapor  over  heated  barium  oxide,  combination 
takes  place,  attended  with  vivid  incandescence,  and  a  salt  called  barium 
sulphate  is  produced,  containing  all  the  elements  of  the  two  original  bodies, 
namely,  barium,  sulphur,  and  oxygen. 

There  is  also  an  intermediate  group  of  oxides  called  neutral  oxides, 
from  their  slight  disposition  to  enter  into  combination.  The  black  oxide 
of  manganese,  already  mentioned,  is  an  excellent  example.  It  must  not 
be  supposed,  however,  that  the  three  groui>8  of  oxides  just  mentioned  are 
separated  from  each  other  by  decided  lines  of  demarcation  ;  on  the  con- 
trary, they  blend  into  one  another  by  imperceptible  degrees,  and  the  same 
oxide  may,  in  many  cases,  exhibit  either  acid  or  basic  relations,  according 
to  the  circumstances  under  which  it  is  placed. 

Among  salts  there  is  a  particular  group,  namely,  the  hydrogen  salts, 
containing  the  elements  of  an  acid  oxide  and  water  (hydrogen  oxide), 
which  are  especially  distinguished  as  acids,  because  many  of  them  pos- 
sess in  an  eminent  degree  the  properties  to  which  the  term  acid  is  generally 
applied,  such  as  a  sour  taste,  corrosive  action,  solubility  in  water,  and  the 
power  of  reddening  certain  blue  vegetable  colors.  A  characteristic  pro- 
perty of  these  acids,  or  hydrogen  salts,  is  their  power  of  exchanging  their 
hrdrosren  for  a  metal  presented  to  them  in  the  free  state,  or  in  the  form  of 
^       ^  11* 
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oxide.  Thus,  sulphuric  acid,  which  contains  sulphur,  oxygen,  and  hydro- 
gen, readily  dissolves  metallic  zinc,  the  metal  taking  the  place  of  the 
hydrogen,  which  is  evolved  as  gas,  and  forming  a  salt  containing  sulphur, 
oxygen,  and  zinc  ;  in  fact,  a  zinc  sulphate^  produced  from  a  hydrogen  sulphate 
by  substitution  of  zinc  for  hydrogen.  The  same  substitution  and  forma- 
tion of  zinc  sulphate  take  place  when  zinc  oxide  is  brought  into  contact 
with  sulphuric  acid ;  but  in  this  case  the  hydrogen,  instead  of  being 
evolved  as  gas,  remains  combined  with  the  oxygen  derived  from  the  zinc 
oxide,  forming  water. 

A  series  of  oxides  containing  quantities  of  oxygen  in  the  proportion  of 
the  numbers  1,  2,  3,  united  with  a  constant  quantity  of  another  element, 
are  distinguished  as  monoxide^  dioxide,  and  trioxide  respectively,  the  Greek 
numerals  indicating  the  several  degrees  of  oxidation.  A  compound,  in- 
termediate between  a  monoxide  and  a  dioxide  is  called  a  sesquioxtde,  e,  g. : — 

Ohromium.    Oxygen. 

Chromium  monoxide 52.5    -f"     ^^ 

Chromium  sesquioxide  •         .         .         .         .         .     52.5     4"     24 

Chromium  dioxide 52.5    4~     ^^^ 

Ciiromium  trioxide 52.5    4~    ^ 

When  a  metal  forms  two  basic  or  salifiable  oxides,  they  are  distinguished 
by  adjectival  terms,  ending  in  ous  for  the  lower,  and  ic  for  the  higher  de- 
gree of  oxidation,  e.  g. : — 

Iron.     Oxygen. 
Iron  monoxide,  or  Ferrous  oxide       .        •        •        .     56    -f"     ^^ 
Iron  sesquioxide,  or  Ferric  oxide      .         /        .        .     56    4~     ^ 

The  salt  resulting  from  the  action  of  acids  on  these  oxides  are  also  distin- 
guished as  ferrous  and  ferric  salts  respectively. 

Acid  oxides  of  the  same  element,  sulphur  foi*  example,  are  also  distin- 
guished by  the  terminations  ous  and  ic,  applied  as  above ;  their  acids,  or 
hydrogen  salts,  receive  corresponding  names :  and  the  salts  formed  from 
these  acids  are  distinguished  by  names  ending  in  ite  and  ate  respectively. 
Thus,  for  the  oxides  and  salts  of  sulphur  :-— 

Sulphur.    Oxygen. 
Sulphurous  oxide     .         .        ,        .         .     32    -|-    32 

Hydrogen. 
Hydrogen  sulphite,  or  Sulphurous  acid    .    32    -f"    ^^  2 

Lead. 
Lead  sulphite 32"    +    48    -f     207 

Sulphuric  oxide 32    +    48 

Hydrogen. 
Hydrogen  sulphate,  or  Sulphurid  acid      .     32    -4-     64    +        ^ 

Lead. 
Lead  sulphate 32    -f     64    +     207 

The  acids  above  spoken  of  are  oxygen  acids  ;  and  formerly  it  was  supposed 
that  all  acids  contained  oxygen — that  element  being,  indeed,  regarded  as 
the  acidifying  principle:  hence  its  name  (p.  120).  At  present,  however, 
we  are  acquainted  with  many  bodies  which  possess  all  the  characters  above 
specified  as  belonging  to  an  acid,  and  yet  do  not  contain  oxygen.  For  ex- 
ample, hydrochloric  acid  (formerly  called  muriatic  acid,  or  spirit  of  salt) 
— which  is  a  hydrogen  chloride  or  compound  of  hydrogen  and  chlorine — 
is  intensely  sour  and  corrosive ;  reddens  litmus  strongly ;  dissolves  zinc, 
which  drives  out  the  hydrogen  and  takes  its  place  in  combination  with  the 
chlorine,  forming  zinc  chloride;  and  dissolves  most  metallic  oxides,  ex- 
changing its  hydrogen  for  the  metal,  and  forming  a  metallic  chloride  and 
wat«r. 
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Bromine,  iodine,  and  fluorine,  also  form,  with  hydrogen,  acid  compounds 
analogoos  in  every  respect  to  hydrochloric  acid. 

Compounda  of  chlorine,  bromine,  iodine,  fluorine,  sulphur,  selenium, 
phosphorus,  etc.,  with  hydrogen  and  metals,  are  grouped,  like  the  oxygen- 
compounds,  by  names  ending  in  ide:  thus  we  speak  of  zinc  chloride,  cal- 
cium fluoride,  hydrogen  sulphide,  copper  phosphide,  etc.  The  numerical 
prefixes,  mono,  di,  triy  etc.,  as  also  the  terminations  mu  and  ic,  are  applied 
to  these  compounds  in  the  same  manner  as  to  the  oxides,  thus — 


Hydrogen  bromide 


Potassium  monosnlphide 
Potassium  disulphide 
Potassium  trisulphide 
Potassium  tetrasulphide 
Potassium  pentasulphide 


Ferrous  chloride 
Ferric  chloride 


Hydrogen. 

Bromine. 

1 

+ 

80 

PotasaiuiD 

.     Sulphur. 

78.2 

+ 

32 

78.2 

4- 

64 

78.2 

+ 

96 

78.2 

+ 

128 

78.2 

+ 

160 

Iron. 

Chlorine. 

56 

+ 

71 

56 

+ 

106.5 

Tin. 

Sulphur. 

118 

4- 

64 

118 

+ 

128 

Stannous  sulphide 118 

Stannic  sulphide  .... 

The  Latin  prefixes  tmi,  6i,  ter^  quadro,  etc.,  are  often  used  instead  of  the 
corresponding  Greek  prefixes ;  there  is  no  very  exact  rule  respecting  their 
use ;  but,  generally  speaking,  it  is  best  to  employ  a  Greek  or  Latin  prefix, 
according  as  the  word  before  which  it  is  placed  is  of  Greek  or  Latin  origin. 
Thus,  iltoxide  corresponds  with  fttsulphide  ;  on  the  whole,  however,  the 
Greek  prefixes  are  most  generally  employed. 

The  composition  of  these  oxides  and  sulphides  affords  an  illustration  of 
a  law  which  holds  good  in  a  large  number  of  instances  of  chemical  com- 
bination, Tiz.,  that  when  two  bodies,  A  and  B,  are  capable  of  uniting  in  several 
proportions,  the  severed  quantities  of  B  which  combine  unth  a  given  or  constant 
quantity  of  A  stand  to  one  another  in  very  simple  ratios.  Thus,  the  several 
quantites  of  sulphur  which  unite  with  a  given  quantity  (78.2  parts)  of 
potassium  are  to  one  another  as  the  numbers 

1,  2,  3,  4,  5; 

and  the  quantities  of  oxygen  which  unite  with  a  given  quantity  of  chro- 
mium ore  as  the  numbers 

1.  li,  2,  3, 

or  2,  3,  4,  6. 

It  must  be  especially  observed  that  no  oom})ounds  are  known  inter- 
mediate in  composition  between  those  which  are  represented  by  these 
numbers.  There  is  no  oxide  of  chromium  containing  1^  or  If  or  2J  times 
as  much  oxygen  as  the  lowest ;  no  sulphide  of  potassium  the  quantity  of 
sulphur  in  which  is  expressed  by  any  fractional  multiple  of  the  lowest. 
The  quantities  of  the  one  element  which  can  unite  with  a  constant  quan- 
tity of  the  other,  increase,  not  oontinuonsly,  but  by  successive  and  well- 
defined  steps  or  increments,  standing  to  one  another,  for  the  most  part,  in 
simple  numerical  ratios. 

This  is  called  the  **Law  of  Multiples."  The  observation  of  it  has 
led  to  the  idea  that  the  elementary  bodies  are  composed  of  ultimate  or  in- 
divisible particles  or  atoms,  each  having  a  constant  weight  peculiar  to 
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itself  (the  atomic  weights  given  in  the  table  on  page  27),  and  that  combi- 
nation between  two  elements  takes  place  by  the  juxtaposition  of  these 
atoms.  A  collection  of  elementary  atoms  united  together  to  form  a  com- 
pound constitutes  a  molecule,  the  weight  of  which  is  equal  to  the  sum 
of  the  weights  of  its  component  atoms.  Thus  an  atom  of  chlorine  weighing 
35.5  unites  with  an  atom  of  hydrogen  weighing  1,  to  form  a  molecule  of 
hydrogen  chloride  weighing  36.5.  An  atom  of  oxygen  weighing  16  unites 
with  2  atoms  of  hydrogen,  each  weighing  1,  to  form  a  molecule  of  water, 
weighing  (16 -|- 2=:)  18.  An  atom  of  oxygen,  weighing  16,  unites  with  an 
atom  of  lead,  weighing  207,  to  form  a  molecule  of  lead  oxide,  weighing 
223.  Two  atoms  of  potassium,  each  weighing  39.1,  unite  with  1,  2,  3,  4, 
and  5  atoms  of  sulphur,  each  weighing  32,  to  form  the  several  sulphides 
enumerated  on  page  127. 

These  combinations  are  repres^ted  symbolically  by  the  juxtaposition 
of  the  symbols  of  the  elementary  atdms  given  in  the  table  already  referred 
to  ;  thus  the  molecule  of  hydrogen  chloride,  composed  of  1  atom  of  hydro- 
gen and  1  atom  of  chlorine,  is  represented  by  the  symbol  or  formula  HCl ; 
that  of  water  (2  atoms  of  hydrogen  and  1  atom  of  oxygen),  by  HHO,  or 
more  shortly  ¥L.fl,  In  like  manner  the  different  oxides  and  sulphides, 
acids  and  salts  above  enumerated,  are  represented  symbolically  as  fol- 
lows :— 

Chromium  monoxide ^rO 

Chromium  sesquioxide  ....  CrCrOOO  or  Cr^O, 

Chromium  dioxide        .....  CrOO         or  Cr  Og 

Chromium  trioxide CrOOO       or  Cr  0, 

Sulphurous  oxide SCO  or  SO, 

Hydrogen  sulphite  or  sulphurous  acid  .  SOOOHU  or  SO,H, 

Lead  sulphite SOOOPb    or  SO,Pb 

Potassium  monosulphide      ....  KKS  or  K^S 

Potassium  disulphide  ....  KKSS        or  E^, 

Potassium  trisulphide  ....  KKS3S      or  K^S, 

Potassium  tetrasulphide       ....  KKSSSS    or  K^S^ 

Potassium  pentasulphide     ....  KESSSSS  or  K^S^ 

A  group  of  two  or  more  atoms  of  the  same  element  is  denoted  by  placing 
a  numeral  either  before  the  symbol,  or,  as  in  the  preceding  examples,  a 
small  numeral  to  the  right  of  the  symbol,  and  either  above  or  below  the 
line  ;  thus  OOO  may  be  abbreviated  into  30,  or  0*,  or  O,. 

The  multiplication  of  a  group  of  dissimilar  atoms  is  denoted  by  placing 
a  numeral  to  the  left  of  the  group  of  symbols,  or  by  inclosing  them  in 
brackets,  and  placing  a  small  numeral  to  the  right :  thus,  3HCI  or  (HC1)3 
denotes  3  molecules  of  hydrogen  chloride ;  2H1SO4  denotes  2  molecules  of 
hydrogen  sulphate. 

The  combination  of  two  groups  or  molecules  \a  denoted  by  placing  their 
symbols  in  juxtaposition,  with  a  dot  between  them  :  thus,  ZnO.SOj,  denotes 
a  compound  of  zinc  oxide  with  sulphur  trioxide  ;  KjO.HjO,  a  compound  of 
potassium  oxide  with  hydrogen  oxide  or  water.  Sometimes  a  comma  or  the 
sign  4-  is  used  instead  of  the  dot.  To  express  the  multiplication  of  such 
a  group,  the  whole  is  inclosed  in  brackets,  and  a  numeral  placed  on  the 
left;  e,  g,j  2(ZnO.SO,);  3(K,0.H,0),  etc.  If  the  brackets  were  omitted, 
the  numeral  would  affect  only  the  symbols  to  the  left  of  the  dot ;  thus, 
3K2O.II2O  signifies  3  potassium  oxide  and  1  water,  not  3  potassium  oxide 
and  3  water.* 

*  The  nefrlect  of  thla  distinction  often  leads  to  considerable  confusion  in  che- 
mic.tl  uotAtion. 
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t  Equivalents. — It  has  been  already  stated  that  elements  can  replace  one 

'  another  in  combination ;  thus,  when  hydrogen  chloride  is  placed  in  con- 

tact with  zinc,  the  zinc  dissolves  and  enters  into  combination  with  the 
chlorine,  while  a  quantity  of  hydrogen  is  evolved  as  gas.  Now  this  sub- 
stitution of  zinc  for  hydrogen  always  takes  place  in  definite  proportion  by 
weight,  32.6  parts  of  zinc  being  dissolved  for  every  1  part  of  hydrogen 
expelled.  In  like  manner,  when  potassium  is  thrown  into  water,  hydro- 
gen is  evolved  and  the  potassium  dissolves,  39.1  parts  of  the  metal  dis- 
solving for  every  1  part  of  hydrogen  given  off.  Again,  if  silver  be  dissolved 
in  nitric  acid,  and  metallic  mercury  immersed  in  the  solution,  the  mercury 
will  be  dissolved  and  will  displace  the  silver,  which  will  be  separated  in 
the  metallic  state  ;  and  for  every  100  parts  of  mercury  dissolved  108  parts 
of  silver  will  be  thrown  down.  In  like  manner,  copper  will  displace  the 
mercury  in  the  proportion  of  31.75  parts  of  copper  to  100  of  mercury,  and 
iron  will  displace  the  oopper  in  the  proportion  of  28  parts  of  iron  to  31.75 
parts  of  copper. 

These  are  particular  cases  of  the  general  law,  that,  when  one  element  takes 
ike  piace  of  another  in  combination,  the  substitution  or  replacement  always  takes 
place  injixed  or  definite  proportions.  The  relative  quantities  of  different  ele- 
ments which  thus  replace  one  another,  are  called  chemical  equiva- 
lents or  equivalent  numbers;,  they  are  either  identical  with  the 
atomic  weights,  or  simple  multiples  or  submultiples  of  them.  For  example, 
in  the  substitution  of  potassium  for  hydrogen,  and  of  copper  for  mercury, 
and  of  iron  for  copper,  the  equivalents  are  to  one  another  in  the  same  pro- 
portion as  the  atomic  weights,  as  may  be  seen  by  comparing  the  numbers 
just  given  with  those  in  the  table  on  page  27.  In  the  substitution  of  zinc 
for  hydrogen,  on  the  other  hand,  the  quantity  of  zinc  which  takes  the 
place  of  1  part  of  hydrogen  is  only  half  the  atomic  weiglit ;  similarly  in 
the  substitution  of  mercury  for  silver. 

All  chemical  reactions  consist  either  in  the  direct  addition  or  separation 
of  elements,  or  in  substitutions  like  those  just  noticed,  the  latter  being  by 
hi  the  most  frequent  form  of  chemical  change. 

Chemical  Equations, — Chemical  reactions  may  be  represented  symbolically 
in  the  form  of  equations,  the  symbols  of  the  reacting  substances  being 
placed  on  the  left  hand,  and  those  of  the  new  substances  resulting  from 
the  change,  on  the  right :  for  example — 

1.  Resolution  of  mercuric  oxide  by  heat  into  mercury  and  oxygen — 

HgO  =  Hg-fO 

2.  Resolution  of  manganese  dioxide  by  heat  into  manganoso-manganio 
oxide  and  oxygen— 

3Mn0g  =  Mn,0^+0a 

3.  Action  of  zinc  on  hydrogen  chloride,  producing  zinc  chloride  and  free 
hydrogen — 

2HC1  -I-  Zn  =  ZnClg  -|-  H, 

4.  Action  of  zinc  on  hydrogen  sulphate,  producing  zinc  sulphate  and 
hydrogen — 

H^,  +  Zn  =  ZnSO^  -f  H, 

5.  Action  of  zinc  oxide  on  hydrogen  chloride  or  sulphate,  producing 
zinc  chloride  or  sulphate  and  water — 

2HC1 4-  ZnO  as  ZnClg  +  HgO, 
ani 

H^^  +  ZnO  »  ZnSO,  +  H,0. 
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It  need  scarcely  be  observed  that  the  test  of  correctness  of  snch  an  eqjia- 
tion  is,  that  the  number  of  atoms  of  each  element  on  one  side  should  be 
equal  to  the  number  of  atoms  of  the  same  element  on  the  other  side. 

Any  such  symbolical  equation  may  be  converted  into  a  numerical  equa- 
tion, by  substituting  for  each  of  the  chemical  symbols  its  numerical  value 
from  the  table  of  atomic  weights. 

The  laws  of  chemical  action  and  their  expression  by  symbols  and  equa^ 
tions  will  receive  abundant  illustration  in  the  special  descriptions  which 
follow  ;  their  general  consideration  will  also  be  more  fully  developed  in  a 
subsequent  part  of  the  work. 


HTDROaHN. 

Atomio  weight,  1 ;  symbol,  H* 

Htdrogen  may  be  obtained  for  experimental  purposes  by  deoxidizing 
water,  of  which  it  forms  a  characteristic  component.* 

If  a  tube  of  iron  or  porcelain,  containing  a  quantity  of  filings  or  turn- 
ings of  iron,  be  fixed  across  a  fumance,  and  its  middle  portion  be  made 

red-hot,  and  then  the  vapor  of  wat«r 
Fig.  86.  passed  over  the  heated  metal,  a  large 

^:::^  quantity  of  permanent  gas  will  be  dis- 

V7  engaged  from  the  tube,  and  the  iron 

\i  will  be  converted  into  oxide,  and  ac- 

quire an  increase  in  weight.  The  gas 
is  hydrogen ;  it  may  be  collected  over 
water  and  examined. 

Hydrogen  is,  however,  more  easily 
obtained  by  decomposing  hydrochloric 
or  dilute  sulphuric  acid  with  zinc,  the 
metal  then  displacing  the  hydrogen  in 
the  manner  already  explained  (p.  129). 
The  simplest  method  of  preparing  the 
gas  is  the  following :  A  wide-necked 
bottle  is  chosen,  and  fitted  with  a  sound 
oork,  perforated  by  two  holes  for  the 
reception  of  a  small  tube-funnel  reach- 
ing nearly  to  the  bottom  of  the  bottle, 
and  a  piece  of  bent  glass f  tube  to  con- 
vey away  the  disengaged  gas.  Granu- 
lated zinc,  or  scraps  of  the  malleable  metal,  are  put  into  the  bottle,  together 

*  Hence  the  Dnme,  iW^,  water,  and  y*f. 

t  A  little  practice  will  soon  enable  the  pupil  to  construct  and  arrange  a  variety 
or  useful  forms  of  apparatus.  In  which  bottles,  ami  other  articles  always  at  h^ind, 
are  made  to  supersede  more  costly  instruments  Glass  tube,  purchased  by  weif^ht 
of  the  maker,  may  be  cut  by  scratching  with  a  file,  and  then  applying  a  little  force 
with  both  hands.  It  may  be  softened  and  bent,  when  of  small  dimensions,  by  the 
flame  of  a  spirit-lamp,  or  a  candle,  or,  better,  by  a  gas  jet.  Corks  may  be  pcrfo- 
r<«ted  by  a  heated  wire,  and  the  hole  rendered  smooth  and  cylindrical  by  a  round 
file  {  or  the  ingenious  cork-borer  of  Dr.  Mohr,  now  to  be  had  of  all  instrument 
mnkers,  may  be  used  instead.  Lastly,  in  the  event  of  bad  fitting,  or  unsoundness 
in  the  cork  itself,  a  little  yellow  wax  melted  over  the  surface,  or  even  a  little 

greiFe  a])plied  with  the  finger,  renders  it  sound  and  air-tight,  when  not  exposed  to 
eat. 
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with  a  little  water,  and  sulphurio  acid  slowly  added  by  the  funnel,  the 
point  of  which  should  dip  into  the  liquid.  The  evolution  of  gas  is  easily 
Tegalated  by  the  supply  of  acid ;  and  when  enough  has  been  discharged 
to  expel  the  air  of  the  vessel,  it  may  be  collected  over  water  in  a  jar,  or 
passed  into  a  gas-holder.  In  the  absence  of  zinc,  filings  of  iron  or  small 
nails  may  be  used,  bat  with  less  advantage. 

Hydrogen  is  colorless,  tasteless,  and  inodorous  when  quite  pure.  To 
obtain  it  in  this  condition,  it  must  be  prepared  from  the  purest  zinc  that 
can  be  obtained,  and  passed  in  succession  through  solutions  of  potash 
and  silver  nitrate.  When  prepared  from  commercial  zinc,  it  has  a  slight 
smell,  which  is  due  to  impurity,  and  when  iron  has  been  used,  the  odor  is 
Tery  strong  and  disagreeable.  It  is  inflammable,  and  bums,  when  kindled, 
with  a  pale  yellowish  flame,  evolving  much  heat,  but  very  little 
light.  The  product  of  the  combustion  is  water.  Hydrogen  is  *^**^  ®^' 
even  less  soluble  in  water  than  oxygen,  and  has  never  been 
liquefied.  Although  destitute  of  poisonous  properties,  it  is 
incapable  of  sustaining  life. 

Hydrogen  is  the  lightest  substance  known ;  Dumas  and 
Boussingault  place  its  density  between  0.0691  and  0.0695, 
referred  to  that  of  air  as  unity.  The  weight  of  a  litre  of  hy- 
drogen at  OO  C.,  and  under  a  barometric  pressure  of  0.760 
meter,  is  0.8961  gram  :  consequently  a  gram  of  hvdrogen  oc- 
cupies a  space  of  11.15947  litres.*  At  15.50  C.  (60©  F.)  and 
30  inches  barometric  pressure,  100  cubic  inches  weigh  2.14 
grains. 

When  a  gas  is  much  lighter  or  much  heavier  than  atmos- 
pheric air,  it  may  often  be  collected  and  examined  without  the 
aid  of  the  pneumatic  trough.  A  bottle  or  narrow  jar  may  be 
filled  with  hydrogen  without  much  admixture  of  air,  by  in- 
verting it  over  the  extremity  of  an  upright  tube  delivering  the  gas.  In  a 
short  time,  if  the  supply  be  copious,  the  air  will  be  wholly  displaced,  and 
the  v<ssel  filled.  It  may  now  be  removed,  the  vertical  position  being 
carefully  retained,  and  closed  by  a  stopper  or  a  glass  plate.  If  the  mouth 
of  the  jar  be  wide,  it  must  be  partially  closed  by  a  piece  of  cardboard 
during  the  operation.  This  method  of  collecting  gases  by  displacement  is 
often  extremely  useful. 

Hydrogen  was  formerly  used  for  filling  air-balloons,  being  made  for  the 
purpose  on  the  spot  from  zinc  or  iron  and  dilute  sulphuric  acid.  Its  use 
is  now  supersede  by  that  of  coal-gas,  which  may  be  made  very  light  by 
employing  a  high  temperature  in  the  manufacture.  Although  far  inferior 
to  pure  hydrogen  in  buoyant  power,  it  is  found  in  practice  to  possess  ad- 
•vantages  over  that  substance,  while  its  greater  density  is  easily  compen- 
sated by  increasing  the  size  of  the  balloon. 

Diffusion  (^  Gctses. — There  is  a  very  remarkable  property  possessed  by 
gases  and  vapors  in  general,  which  is  seen  in  a  high  degree  of  intensity  in 
the  case  of  hydrogen  ;  this  is  what  is  called  diffusive  power.  If  two 
bottles  containing  gases  which  do  not  act  chemically  upon  each  other  at 
common  temperatures  be  connected  by  a  narrow  tube  and  left  for  some 
time,  the  gases  will  be  found,  at  the  expiration  of  a  certain  time,  depend- 
ing much  upon  the  narrowness  of  the  tube  and  its  length,  uniformly  mixed, 
even  though  they  diff'er  greatly  in  density,  and  the  system  has  been  ar- 
ranged in  a  vertical  position,  with  the  heavier  gas  downwards.  Oxygen 
and  hydrogen  can  thus  be  made  to  mix,  in  a  few  hours,  against  the  action 
of  gravity,  through  a  tube  a  yard  in  length,  and  not  more  than  one-quarter 

•  A«  n  neur  upproximAMon,  it  inny  he  remembered  that  a  litre  of  hydrogen 
weighB  OLOO  j^ramy  or  9  centigrams,  and  a  gram  of  hydrogen  ocoupies  11.2  litres. 
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of  an  inch  in  diameter  :  and  the  same  is  true  of  all  other  gases  which  are 
destitate  of  direct  action  upon  each  other. 

If  a  veasel  be  divided  into  two  portions  by  a  diaphragm  or  partition  of 
porous  earthenware  or  dry  plaster  of  Paris,  and  each  half  filled  with  a 
different  gas,  diffusion  will  immediately  commence  through  the  pores  of  the 
dividing  substance,  and  will  continue  until  perfect  mixture  has  taken 
place.  All  gases,  however,  do  not  permeate  the  same  porous  body,  or,  in 
other  words,  do  not  pass  through  narrow  orifices  with  the  same  degree  of 
facility.  Graham,  to  whom  we  are  indebted  for  a  very  valuable  investiga^ 
tion  of  this  interesting  subject,  established  the  existence  of  a  very  simple 
relation  between  the  rapidity  of  dififusion  and  the  density  of  the  gas,  which 
is  expressed  by  saying  that  the  diffusive  power  varies  inversely  as  the 
square  root  of  the  density  of  the  gas  itself.  Thus,  in  the  experiment  sup- 
posed, if  one-half  of  the  vessel  be  filled  with  hydrogen  and  the  other  half 
with  oxygen,  the  two  gases  will  penetrate  the  diaphragm  at  very  different 
rates  ;  four  cubic  inches  of  hydrogen  will  pass  into  the  oxygen  side,  while 
one  cubic  inch  of  oxygen  travels  in  the  opposite  direction.  The  densities  of 
the  two  gases  are  to  each  other  in  the  proportion  of  1  to  16  ;  their  relative 
rates  of  diffusion  are  inversely  as  the  square  roots  of  these  numbers,  i,  e., 
as  4  to  1. 

In  order,  however,  that  this  law  may  be  accurately  observed,  it  is  neces- 
sary that  the  porous  plate  be  very  thin ;  with  plates  of  stucco  an  inch 
thick  or  more,  which  really  consist  of  a  congeries  of  long  capillary  tubes, 
a  different  law  of  diffusion  is  observed.*  An  excellent  material  for  diffu- 
sion experiments  is  the  artificially  compressed  graphite  of  Mr.  Brockedon, 
of  the  quality  used  for  making  writing  pencils.  It  may  be  reduced  by 
cutting  and  grinding  to  the  thickness  of  a  wafer,  but  still  retains  consider- 
able tenacity.  The  pores  of  this  substance  appear  to  be  so  small  as  entirely 
to  prevent  the  transmission  of  gases  in  mass,  so  that,  to  use  the  language 
of  Mr.  Graham,  it  acts  like  a  molecular  sieve,  allowing  only  molecules  to 
pass  through. 

The  simplest  and  most  striking  method  of  exhibiting  the  phenomenon 
of  diffusion  is  by  the  use  of  Graham's  diffusion-tube.  This  is  merely  a 
piece  of  wide  glass  tube  ten  or  twelve  inches  long,  having  one  of  its  extre- 

mities  closed  by  a  plate  of  plaster  of  Paris  about  half  an 
Fig.  88.  ijjjjj^  ii^iQi^^  and  well  dried.     When  the  tube  is  filled  by 

displacement  with  hydrogen,  and  then  set  upright  in  a 
glass  of  water,  the  level  of  tiie  liquid  rises  in  the  tube  so 
rapidly,  that  its  movement  is  apparent  to  the  eye,  and 
speedily  attains  a  height  of  several  inches  above  the  water 
in  the  glass.  The  gas  is  actually  rarefied  by  its  superior 
diffusive  power  over  that  of  the  external  air.  . 

It  is  impossible  to  overestimate  the  importance  in  the 
economy  of  Nature  of  this  very  curious  law  affecting  the 
constitution  of  gaseous  bodies  :  it  is  the  principal  means  by 
which  the  atmosphere  is  preserved  in  a  uniform  state,  and 
the  accumulation  of  poisonous  gases  and  exhalations  in 
towns  and  other  confined  localities  prevented. 

A  partial  separation  of  gases  and  vapors  of  unequal 
diffusibility  may  be  effected  by  allowing  the  mixture  to 
permeate  through  a  plate  of  graphite  or  porous  earthen- 
ware into  a  vacuum.  This  effect,  called  atmolysis,  is 
best  exhibited  by  means  of  an  instrument  called  the  tube  atmolyzer.  This 
is  simply  a  narrow  tube  of  unglazed  earthenware,  such  as  a  tobacco-pipe 
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See  Buiinen*B  OaAometry,  p.  903;  GrnhAin^s  Elemeats  of  OhemlBtry,  2d  ed.  U. 
}  Watta*8  JL>iotionAry  of  ObemlBtry,  ii.  816. 
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stem,  two  feet  long,  which  is  placed  within  a  shorter  tube  of  glass,  and 
secured  in  its  position  by  corks.  The  glass  tube  is  connected  with  an  air- 
pump,  and  the  annular  space  between  the  two  tubes  is  made  a^  nearly 
Tacaous  as  possible.  Air  or  other  mixed  gas  is  then  allowed  to  flow  along 
the  clay  tube  in  a  slow  stream,  and  collected  as  it  issues.  The  gas  or  air 
atmolyzed  is,  of  coarse,  reduced  in  volume,  much  gas  penetrating  through 
the  pores  of  the  clay  tube  into  the  air-pump  vacuum,  and  the  lighter  gas 
diffusing  the  more  rapidly,  so  that  the  proportion  of  the  denser  constituent 
is  increased  in  the  gas  collected.  In  one  experiment,  the  proportion  of 
oxygen  in  the  air,  after  traversing  the  atmolyzer,  was  increased  from  20.8 
per  cent.,  which  is  the  normal  proportion,  to  24.5  per  cent.  With  a  mix- 
tore  of  oxygen  and  hydrogen,  the  separation  is,  of  course,  still  more 
considerable. 

A  distinction  must  be  carefully  drawn  between  real  diffusion  through 
small  apertures,  and  the  apparently  similar  passage  of  gases  through  mem- 
branous diaphragms,  such  as  caoutchouc,  bladder,  gold-beaters'  skin,  etc. 
In  this  mode  of  passage,  which  is  called  osmose,  the  rate  of  interchange 
depends  partly  on  the  relative  diffusibilities  of  the  gases,  partly  on  the 
different  degrees  of  adhesion  exerted  by  the  membrane  on  the  different 
gases,  by  virtue  of  which  the  gas  which  adheres  most  powerfully  pene- 
trates the  diaphragm  most  easily,  and,  attaining  the  opposite  surface, 
mixes  with  the  other.  A  sheet  of  caoutchouc  tied  over  the  mouth  of  a  wide- 
mouthed  bottle  filled  with  hydrogen,  is  soon  pressed  inwards,  even  to  burst- 
ing. If  the  bottle  be  filled  with  air,  and  placed  in  an  atmosphere  of  hydro- 
gen, the  swelling  and  bursting  take  place  outwards.  If  the  membrane  is 
moist,  the  result  is  likewise  affected  by  the  different  solubilities  of  the  gases 
in  the  water  or  other  liquid  which  wets  it.  For  example,  the  diffusive 
power  of  carbonic  acid  into  atmospheric  air  is  very  small,  but  it  passes 
into  the  latter  through  a  wet  bladder  with  the  utmost  ease,  in  virtue  of  its 
solubility  in  the  water  with  which  the  membrane  is  moistened.  It  is  by 
such  a  process  that  the  function  of  respiration  is  performed :  the  aSration 
of  the  blood  in  the  lungs,  and  the  disengagement  of  the  carbonic  acid,  are 
effected  through  wet  membranes  ;  the  blood  is  never  brought  into  actual 
contact  with  the  air,  but  receives  its  supply  of  oxygen,  and  disembari'asses 
itself  of  carbonic  acid,  by  this  kind  of  spurious  diffusion. 

The  high  diffusive  power  of  hydrogen  against  air  renders  it  impossible 
to  retain  that  gas  for  any  length  of  time  in  a  bladder  or  caoutchouc  bag  : 
it  is  even  unsafe  to  keep  it  long  in  a  gas-holder,  lest  it  should  become 
mixed  with  air  by  slight  accidental  leakage,  and  rendered  explosive. 

The  passage  of  gases  through  membranes  like  caoutchouc  or  varnished 
silk,  as  well  as  through  wet  membranes  like  bladder,  appears  to  depend 
upon  an  actual  liquefiiction  of  the  gases,  which  then  become  capable  of 
penetrating  the  substance  of  the  membrane  (as  ether  and  naphtha  do), 
and  may  again  evaporate  on  the  surface  and  appear  as  gases.  The  un- 
equal absorption  of  gases  in  this  manner  often  effects  a  much  more  com- 
plete separation  of  the  components  of  a  gaseous  mixture  than  can  be  at- 
tained by  the  atmolytic  method  above  described.  Thus,  Graham  has 
shown  that  oxygen  is  absorbed  and  condensed  by  caoutchouc  two-and-a- 
half  times  more  abundantly  than  nitrogen,  and  that  when  one  side  of  a 
caoutchouc  film  is  freely  exposed  to  the  air,  while  a  vacuum  is  produced 
on  the  other  side,  the  film  allows  41.6  per  cent,  of  oxygen  to  pass  through, 
instead  of  the  21  per  cent,  usually  present  in  the  air,  so  that  the  air  which 
passes  through  is  capable  of  rekindling  wood  burning  without  flame. 

Even  metals  appear  to  jjossess  this  power  of  absorbing  and  liquefying 
gases.     Deville  and  Troost  have  observed  the  remarkable  fact  that  hydro- 
gen gas  is  capable  of  penetrating  platinum  and  iron  tubes,  at  a  red  heat, 
and  Graham  is  of  opinion  that  this  eflect  may  be  connected  with  a  power 
12 


134  HYDBOQEX. 

resident  in  these  and  certain  other  metals  to  absorb  and  liquefy  hydrogen, 
possibly  in  its  character  as  a  metallic  vapor.  Platinum  in  the  form  of 
wire  or  plate,  at  a  low  red  heat,  can  take  up  3.8  volumes  of  hydrogen 
measured  cold,  and  palladium  foil  condenses  as  much  as  643  times  its 
volume  of  hydrogen  at  a  temperature  below  lOOO  C.  In  the  form  of 
sponge,  platinum  absorbed  1.48  times  its  volume  of  hydrogen,  and  pal- 
ladium 90  volumes.  This  absorption  of  gases  by  metals  is  called  occlu- 
sion.* 

The  meteoric  iron  of  Lenarto  contains  a  considerable  quantity  of  oc- 
cluded hydrogen.  When  placed  in  a  good  vacuum,  it  yields  2.85  times 
its  volume  of  gas,  of  which  85.68  per  cent,  consist  of  hydrogen,  with  4.46 
carbon  monoxide  and  9.86  nitrogen.  Now,  hydrogen  has  been  recognized 
by  spectrum  analysis  in  the  light  of  the  fixed  stars,  and  constitutes,  ac- 
cording to  the  observations  of  Father  Secchi,  the  principal  element  in  the 
atmosphere  of  a  numerous  class  of  stars.  *'Tlie  iron  of  Lenarto,"  says 
Mr.  Graham,  **has,  no  doubt,  come  from  such  an  atmosphere,  in  which 
hydrogen  greatly  prevailed.  This  meteorite  may  be  looked  upon  as  hold- 
ing imprisoned  within  it,  and  bringing  to  us,  the  hydrogen  of  the  stars,  "f 

The  rates  of  effusion  of  gases,  that  is  to  say,  their  rates  of  passage 
through  a  minute  aperture  in  a  thin  plate  of  metal  or  other  substance 
into  a  vacuum,  follow  the  same  law  as  their  rates  of  diffusion,  that  is  to 
say,  they  are  inversely  as  the  square  roots  of  the  densities  of  the  gases. 
Nevertheless,  the  phenomena  of  diffusion  and  effusion  are  essentially  dif-* 
ferent  in  their  nature,  the  effusive  movement  affecting  masses  of  a  gas, 
whereas  the  diffusive  movement  affects  only  molecules  ;  and  a  gas  is 
usually  carried  by  the  former  kind  of  impulse  with  a  velocity  many 
thousand  times  greater  than  by  the  latter.  Mixed  gases  are  effused  at 
the  same  rates  as  one  gas  of  the  actual  density  of  the  mixture :  and  no 
separation  of  the  gases  occurs,  as  in  dijfusion  into  a  vacuum. 

The  law  of  effusion  just  stated  is  true  only  under  the  condition  that  the 
gas  shall  pass  through  a  minute  aperture  in  a  very  thin  plate.  If  the 
plate  be  thicker,  so  that  the  aperture  becomes  a  tube,  very  different  rates 
of  efflux  are  observed  ;  and  when  the  capillary  tube  becomes  considerably 
elongated,  so  that  its  length  exceeds  its  diameter  at  least  400  times,  the 
rates  of  flow  of  different  gases  into  a  vacuum  again  assume  a  constant  ratio 
to  each  other,  following,  however,  a  law  totally  distinct  from  that  of  effu- 
sion. The  principal  general  results  observed  with  relation  to  this  ph^ 
nomenon  of  **  Capillary  Transpiration"  are  as  follows  : — 

1.  The  rate  of  transpiration  of  the  same  pas  increases,  arieris  paribus, 
directly  as  the  pressure  :  in  other  words,  equal  volumes  of  gas  at  different 
densities  require  times  inversely  proportional  to  their  densities.  2.  With 
tubes  of  equal  diameter,  the  volume  transpired  in  equal  times  is  inversely 
as  the  length  of  the  tube.  3.  As  the  temperature  rises,  the  transpiration  of 
equal  volumes  becomes  slower.  4.  The  rates  of  transpiration  of  different 
gases  bear  a  constant  relation  to  each  other,  totally  independent  of  their 
densities,  or,  indeed,  of  any  known  property  of  the  gases.  Equal  weights 
of  oxygen,  nitrogen,  and  carbon  monoxide  are  transpired  in  equal  times  ; 
so  likewise  are  equal  weights  of  nitrogen,  nitrogen  dioxide,  and  carbon 
monoxide ;  and  of  hydrogen  chloride,  carbon  dioxide,  and  nitrogen 
monoxide  t. 

♦  Or  Ahum,  Phil.  TranB.  IS'^B ;  Journal  of  the  Chemical  Society  [2],  v.  236. 


t  Proceedings  of  the  Royal  Socletv,  xv.  602. 
i  On  "  ~ 


•«ham,  Phil.  Trans.  1843,  p.  691,  and  1840,  p.  349;  also  Elements  of  Chem- 
Istry.  2d  ed.  i.  82. 
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COHBIKATIOir  OF  HTDROOEN  WITH  OXTGEV. 

It  lias  l>e>en  already  stated,  that  although  the  light  emitted  by  the  fiame 
of  pure  b.ydrogen  is  exceedingly  feeble,  yet  the  temperature  of  the  flame  is 
▼ery  liigli.     The  temperature  may  be  still  further  exalted  by  previously 
nuxing  th.e  hydrogen  with  as  much  oxygen  as  it  requires  for  combination, 
thai  is,  as  will  presently  be  seen,  with  half  its  volume.     Such  a  mixture 
boms,  like  gunpowder,  independently  of  the  external  air.     When  raised 
to  the  tera.perature  required  for  combination,  the  two  gases  unite  with  ex- 
plosive violence.     If  a  strong  bottle,  holding  not  more  than  half  a  pint,  be 
filled  with  such  a  mixture,  the  introduction  of  a  lighted  match  or  red-hot 
wire  determines  in  a  moment  the  union  of  the  gases.     By  certain  precau- 
tions, a  m.lxture  of  oxygen  and  hydrogen  can  be  burned  at  a  jet  without 
communication  of  fire  to  the  contents  of  the  vessel ;  the  flame  is  in  this 
case  solid, 

A  little  consideration  will  show,  that  all  ordinary  flames  burning  in  the 
air  or  in  pure  oxygen  are,  of  necessity,  hollow.  The  act  of  combustion  is 
nothing  more  than  the  energetic  union  of  the  substance  burned  with  the 
surrounding  oxygen  ;  and  this  union  can  take  place  only  at  the  surface  of 
the  burning  body.  Such  Is  not  the  case,  however,  with  the  flame  now 
.under  consideration  ;  the  combustible  and  the  oxygen  are  already  mixed, 
ani  only  require  to  have  their  temperature  a  little  raised  to  cause  them  to 
combine  in  every  part.  The  flame  so  produced  is  very  diff'erent  in  physi- 
cal characters  from  that  of  a  simple  jet  of  hydrogen  or  any  other  combus- 
tible gas  ;  it  is  long  and  pointed,  and  very  remarkable  in  appearance. 

Hemming's  safety -jet,  the  construction  of  which  involves  a  principle  not 
yet  discussed,  may  be  adapted  to  a  common  bladder  containing  the  mix- 
ture, and  held  under  the  arm,  and  the  gas  forced  through  the  jet  by  a 
little  pressure.  Although  this  jet,  properly  constructed,  is  believed  to  be 
safe,  it  is  best  to  use  nothing  stronger  than  a  bladder,  for  fear  of  injury  in 
the  event  of  an  explosion.  Tlie  gases  are  often  contained  in  separate  re- 
servoirs, a  pair  of  large  gas-holders,  for  example,  and  only  sufi'ered  to  mix 
in  the  jet  itself,  as  in  the  contrivance  of  the  late  Professor  Daniell ;  in  this 
way  all  danger  is  avoided.  The  eye  speedily  becomes  accustomed  to  the 
peculiar  appearance  of  the  true  oxy hydrogen  flame,  so  as  to  permit  the 
supply  of  each  gas  to  be  exactly  regulated  by  suitable  stopcocks  attached 
to  the  jet  (fig.  89). 

A  piece  of  thick  platinum  wire  introduced  into  the  flame  of  the  oxyhy- 
drogen  blowpipe  melts  with  the  greatest  ease  ;  a  watch-spring  or  a  small 
steel  file  burns  with  the  utmost  brilliancy,  throwing  off  showers  of  beauti- 
ful sparks  ;  an  incombustible  oxidized  body,  as  magnesia  or  lime,  becomes 
so  intensely  ignited  as  to  glow  with  a  light  insupportable  to  the  eye,  and 
to  be  susceptible  of  employment  as  a  most  powerful  illuminator,  as  a  sub- 
stitute for  the  sun's  rays  in  the  solar  microscope,  and  for  night  signals  in 
trigonometrical  surveys. 

If  a  long  glass  tube,  open  at  both  ends,  be  held  over  a  jet  of  hydrogen 
(fig,  90),  a  series  of  musical  sounds  is  sometimes  produced  by  the  partial 
extinction  and  rekindling  of  the  flame  by  the  ascending  current  of  air. 
These  little  explosions  succeed  each  other  at  regular  intervals,  and  so 
rapidly  as  to  give  rise  to  a  musical  note,  the  pitch  depending  chiefly  upon 
the  length  and  diameter  of  the  tube. 

Although  oxygen  and  liydrogen  may  bo  kept  mixed  at  common  tempe- 
ratures for  any  length  of  time  without  combination  taking  place,  yet,  under 
particular  circumstances,  they  unite  quietly  and  without  explosion.  Many 
years  ago,  Dflbereiner  made  the  curious  observation,  that  finely  divided 
platinum  possessed  the  power  of  determining  the  union  of  the  gases  ;  and, 
more  recently,  Faraday  has  shown  that  the  state  of  minute  division  is  by 
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no  means  indispensable,  since  rolled  plates  of  the  metal  have  the  same 
property,  provided  their  surfaces  are  absolutely  clean.  Neither  is  the 
effect  strictly  confined  to  platinum ;  other  metals,  as  palladium  and  gold, 
and  even  stones  and  glass,  exhibit  the  same  property,  although  to  a  far 
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inferior  degree,  since  they  often  require  to  be  aided  by  a  little  heat.  "When 
a  piece  of  platinum  foil,  which  has  been  cleaned  by  hot  oil  of  vitriol  and 
thorough  washing  with  distilled  water,  is  thrust  into  a  jar  containing  a 
mixture  of  oxygen  and  hydrogen  standing  over  water,  combination  of  the 
two  gases  immediately  begins,  and  the  level  of  the  water  rapidly  rises, 
whilst  the  platinum  becomes  so  hot  that  drops  of  water  accidentally  falling 
upon  it  enter  into  ebullition.  If  the  metal  be  Yory  thin  and  exceedingly 
clean,  and  the  gases  very  pure,  its  temperature  rises  after  a  time  to  actual 
redness,  and  the  residue  of  the  mixture  explodes.  But  this  is  an  effect 
altogether  accidental,  and  dependent  upon  the  high  temperature  of  the 
platinum,  which  high  temperature  has  been  produced  by  the  preceding 
quiet  combination  of  the  two  bodies.  When  the  platinum  is  reduc43d  to  a 
state  of  minute  division,  and  its  surface  thereby  much  extended,  it  becomes 
immediately  red-hot  in  a  mixture  of  hydrogen  and  oxygen,  or  hydrogen 
and  air  ;  a  jet  of  hydrogen  thrown  upon  a  little  of  the  spongy  metal,  con- 
tained in  a  glass  or  capsule,  is  at  once  kindled,  and  on  this  principle 
machines  for  the  production  of  instantaneous  light  have  been  constructed. 
These,  however,  act  well  only  when  constantly  used  ;  the  spongy  platinum 
is  apt  to  become  damp  by  absorption  of  moisture  from  the  air,  and  its 
power  is  then  for  the  time  lost. 

The  best  explanation  that  can  be  given  of  these  curious  effects  is  to  sup- 
pose that  solid  bodies  in  general  have,  to  a  greater  or  less  extent,  the  pro- 
perty of  condensing  gases  upon  their  surfaces,  or  even  liquefying  them 
(as  shown,  p.  133),  and  that  this  faculty  is  exhibited  pre-eminently  by 
certain  of  the  nou-oxidizable  metals,  as  platinum  and  gold.  Oxygen  and 
hydrogen  may  thus,  under  these  circumstances,  be  brought,  as  it  were, 
within  the  sphere  of  their  mutual  attractions  by  a  temporary  increase  of 
density,  whereupon  combination  ensues. 

Coal-gas  and  ether  or  alcohol  vapor  may  be  made  to  exhibit  the  phenomenon 
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of  quiet  oxidation  under  the  influenoe  of  this  remarkable  surface-action. 
A  close  spiral  of  slender  platinum  wire,  a  roll  of  thin  foil,  or  even  a  com- 
mon platinum  crucible,  heated  to  dull  redness,  and  then  held  in  a  jet  of 
ooal-gas,  becomes  strongly  ignited,  and  remains  in  that  state  as  long  as  the 
supply  of  mixed  gas  and  air  is  kept  up,  the  temperature  being  maintained 
by  the  heat  disengaged  in  the  act  of  union.  Sometimes  the  metal  becomes 
white-hot,  and  then  the  gas  takes  fire. 

If  such  a  coil  of  wire  be  attached  to  a  card,  and  suspended  in  a  glass 
containing  a  few  drops  of  ether,  having  previously  been  made  red-hot  in 
the  flame  of  a  spirit-lamp,  it  will  continue  to  glow  until 
tlie  oxygen  of  the  air  is  exhausted,  giving  rise  to  the  iig.  M. 

production  of  an   irritating  vapor  which   attacks   the 
eves.     The  combustion  of  the  ether  is  in  this  case  but 

m 

partial :  a  portion  of  its  hydrogen  is  alone  removed,  and 
the  whole  of  the  carbon  left  untouched. 

A  coil  of  thin  platinum  wire  may  be  placed  over  the 
wick  of  a  spirit-lamp,  or  a  ball  of  spongy  platinum  sus- 
tained just  above  the  cotton  ;  on  lighting  the  lamp,  and 
then  blowing  it  out  as  soon  as  the  metal  appears  red- 
hot,  slow  combustion  of  the  spirit  drawn  up  by  the 
capillarity  of  the  wick  will  take  place,  accompanied  by 
the  pungent  vapors  just  mentioned,  which  may  be  modi- 
fied, and  even  rendered  agreeable,  by  dissolving  in  the 
liquid  some  sweet-smelling  essential  oil  or  resin. 

Hydrogen  forms  numerous  compounds  with  other  bodies,  although  it  is 
greatly  surpassed  in  this  respect  not  only  by  oxygen,  but  by  many  of  the 
other  elements.  In  many  of  its  chemical  relations  it  resembles  the  metals, 
combining  with  oxygen,  sulphur,  chlorine,  bromine,  etc.,  to  form  compounds 
analogous  in  constitution  to  the  metallic  oxides,  sulphides,  chlorides,  bro- 
mides, etc.  (p.  127). 

Ojddes  of  Hydrogen. — There  are  two  oxides  of  hydrogen — ^namely, 
the  monoxide,  which  is  water,  and  the  dioxide,  discovered  in  the 
year  1818  by  Thdnard. 

It  appears  that  the  composition  of  water  was  first  demonstrated  in  the 
year  1781  by  Cavendish  ;*  but  the  discovery  of  the  exact  proportions  in 
which  oxygen  and  hydrogen  unite  in  generating  that  most  important  com- 
pound has,  from  time  to  time  to  the  present  day,  occupied  the  attention  of 
some  of  the  most  distinguished  cultivators  of  chemical  science.  There  are 
two  distinct  methods  of  research  in  chemistry — ^the  analytical,  or  that  in 
which  the  compound  is  resolved  into  its  elements,  and  the  synthetical,  in 
which  the  elements  are  made  to  unite  and  produce  the  compound.  The 
first  method  is  of  much  more  general  application  than  the  second ;  but  in 
this  particular  instance  both  may  be  employed,  although  the  results  of  the 
synthesis  are  the  more  valuable. 

The  decomposition  of  water  may  be  effected  by  voltaic  electricity.  When 
water  is  acidulated  so  as  to  render  it  a  conductor,  f  and  a  portion  interposed 
between  a  pair  of  platinum  plates  connected  with  the  extremities  of  a  vol- 
taic apparatus  of  moderate  xwwer,  decomposition  of  the  liquid  takes  place 
in  a  very  interesting  manner ;  oxygen,  in  a  state  of  perfect  purity,  is 
evolved  from  the  water  in  contact  with  the  plate  belonging  to  the  copper 


»  A  claim  to  the  tllscorery  of  the  composition  of  water,  on  behnlf  of  JamoB 
Watf^h.is  been  very  itronRlyun^ed,  and  supported  by  such  evidence  that  the 
reader  of  the  controversy  may  be  led  to  the  conclusion  that  the  discovery  was 
ni'ide  by  tiolh  p»»rties,  nearly  simultancouslv,  and  unlcnown  to  "-'•*•  «♦».«-  iCnA 
the  nrticlo  "On«,'»  by  Dr.  Paul,  in  AVntts's  iijctionjiry  of  Chem 

f  Hee  the  section  on  **£lectro-Chemical  Decomposition." 
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each  other.    See 
Chemistry,  ii.  780. 
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Fig.  03.  end  of  the  battery,  and  h7drof;en,  eqnallj  pure,  ia  dis- 

engaged at  the  plate  conn«cted  with  the  zinc  extremity, 
the  middle  portionH  of  liquid  remaining  apparently  un- 
altered. By  placing  sroall  gradnated  jara  ovit  the  pla- 
tinum plates,  the  gases  can  be  collected,  and  their  quan- 
tities determined.  The  whole  arrangement  ia  shonn  iu 
fig.  92 ;  the  oondncting  wires  pass  through  the  bottom 
of  the  gloas  cup,  and  away  to  the  battery. 

When  this  experiment  has  been  continued  a  snfflcient 
time,  it  will  be  found  that  the  volume  of  the  hydmgt^ 
Is  a  very  little  above  twice  that  of  the  oxygen.     Were  it 
not  for  the  accidental  ciroumEtauoe  of  oxygen  being  sen- 
~  ^     sibly  more  soluble  in  water  than  hydrogen,  tlie  propor- 

tion of  two  to  one  by  measure  would  come  out  exactly. 

Water,  as  Mr.  Grove  has  shown,  is  likewise  decom- 
posed intfl  lis  congtituenlfl  by  heat.     This  effect  is  pro- 
duced  by   introducing   platinum   balls,   ignited    by  electricity  or  other 
means,  into  water  or  stuam.     Tho  two  gases  are  obtained  in  very  small 
quantities  at  a  time. 

When  oxygen  and  hydrogen,  both  as  pure  as  possible,  are  mixed  in  the 
proportions   mentioned,    passed   into  a   strong  glasK   tube 
Fig.  93.  standing  over  mercury,  and  exploded  by  the  electric  spark, 

all  the  mixture  disappears,  and  the  mercury  is  forced  up 
into  the  tube,  filling  it  completely.  The  same  experiment 
may  be  made  with  the  explosion  vessel  or  eudiometer  of 
Cavendish  (fig.  93).  Tho  instrument  is  exhausted  at  the 
air-pnnip,  and  then  filled  from  a  capped  jar  with  the  mixed 
gases  :  on  passing  an  electric  sparli  by  tho  wires  shown  at 
(I,  explosion  ensues,  and  the  glass  becomes  bedewed  with 
moisture;  and  if  tho  stopcock  be  then  opened  under  water, 
the  latter  will  rush  in  and  fill  the  vessel,  leaving  merely  4 
bubble  of  air,  the  result  of  imperfect  exhaustion. 

The  process  upon  which  most  reliance  is  placed  is  tbat 
in  which  pure  copper  oxide  is  reduced  at  a  red  heat  by 
hydrogen,  and  the  water  so  formed  is  collected  and 
weighed.  This  oxide  suffers  no  change  by  boat  alone,  but 
the  momentary  contact  of  hydrogen,  or  any  common  com- 
bustible matter,  at  a  high  temperature,  suffices  to  reduce  a 
corresponding  portion  to  the  metallic  state.  Fig.  94  will 
serve  to  convey  some  idea  of  the  arrangement  adopted  in 
researches  of  this  kind. 

A  copious  supply  of  hydrogen  is  procured  by  the  aotfon 
of  dilute  sulphuric  acid  upon  the  purest  linc  that  can  be 
obtained  ;  the  gaa  is  made  to  pass  in  snooeHsion  through 
solutions  of  silver  nitrate  and  strong  caustic  potash,  by 
which  its  purification  is  completed.  After  this  it  is  con- 
ducted through  a  tube  threa  or  four  inches  long,  filled  with 
fragments  of  pumice  slone  steeped  in  concentrated  oil  of 
vitriol,  or  with  anhydrous  phosphoric  aeid.  These  sub- 
stancaa  have  so  great  an  attraction  for  aqueous  vapors,  that 
they  dry  the  gas  completely  during  its  transit.  The  ex- 
tremity of  this  tube  is  shown  at  a.  The  dry  hydrogen  thus 
arrives  at  the  part  of  the  apparatus  containing  the  copper 
oxide  represented  at  6;  this  consists  of  a  two-necked  fiask 
of  very  hard  white  glass,  maln^jtined  at  a  red  heat  by  a 
spirit-lamp  placed  beneath.  As  the  decomposition  pro- 
ceeds, the  water  produced  by  tlia  reduction  of  the  oside 
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begins  to  condense  in  the  second  neck  of  the  flask,  whence  it  drops  into 
the  receiver  e.  A  second  desiccating  tube  prevents  the  loss  of  aqueous 
vapor  hy  the  current  of  gas  which  passes  in  excess. 

Fig.  94. 


Before  tlie  exx>eriment  can  he  commenced,  the  copper  oxide,  the  parity 
of  which  is  well  ascertained,  must  he  heated  to  redness  for  some  time  in  a 
current  of  drv  air  ;  it  is  then  suffered  to  cool,  and  very  carefully  weighed 
with  the  flask.  The  empty  receiver  and  second  drying-tube  are  also 
weighed,  the  disengagement  of  gas  set  up,  and  when  the  air  has  been  dis- 
placed, heat  is  slowly  applied  to  the  oxide.  The  action  is  at  first  very 
energetic  ;  the  oxide  often  exhibits  the  api>earance  of  ignition  ;  but  as  the 
decomposition  proceeds,  it  becomes  more  sluggish,  and  requires  the  appli- 
cation of  a  considerable  heat  to  effect  its  completion. 

When  the  process  is  at  an  end,  and  the  apparatus  perfectly  cool,  the 
stream  of  gas  is  discontinued,  dry  air  is  drawn  through  the  whole  arrange- 
ment, and,  lastly,  the  parts  are  disconnected  and  reweighed.  The  loss  of 
the  copper  oxide  gives  the  oxygen ;  the  gain  of  the  receiver  and  its  dry- 
ing-tube indicates  the  water ;  and  the  difference  between  the  two,  the 
hydrogen. 

A  set  of  experiments,  made  in  Paris  in  the  year  1826,  by  Dulong  and 
Berzelius,  gave  as  a  mean  result,  for  thd  composition  of  water  by  weight, 
8.009  parts  oxygen  to  1  part  hydrogen ;  numbers  so  nearly  in  the  pro- 
portion of  8  to  1,  that  the  latter  have  usually  been  assumed  to  be  true. 

More  recently  thd  subject  has  been  reinvestigated  by  Dumas,  with  the 
most  scrupulous  precision,  and  the  above  supi)osition  fully  confirmed. 
The  composition  of  water  may  therefore  be  considered  as  established ;  it 
contains  by  weight  8  parts  oxygen  to  1  part  hydrogen,  and  by  measure,  1 
volume  oxygen  to  2  volumes  hydrogen.  The  densities  of  the  gases,  as  al- 
ready mentioned,  correspond  very  closely  with  these  results. 

The  physical  properties  of  water  are  too  well  known  to  need  lengthened 
description  :  when  pure,  it  is  colorless  and  transparent,  destitute  of  taste 
and  odor,  and  an  exceedingly  bad  conductor  of  electricity  of  low  tension. 
It  attains  its  greatest  density  towards  4.60  C.  (40O  F.)i  freezes  at  QO  c. 
(320  F.),*  and  boils  under  the  ordinary  atmospheric  pressure  at  or  near 
lOOO  C.  (212P  F.).     It  evaporates  at  all  temperatures. 

The  weight  of  a  cubic  centimetre  of  water  at  the  maximum  density  is 
chosen  as  the  unit  of  weight  of  the  metrical  system  ;  and  called  a  gr  am  ; 
consequently  a  litre  or  cubic  decimetre  =  100  cubic  centimetres  of  water, 
at  the  same  temperature,  weighs  1000  grams,  or  1  kilogram. 

A  cubic  inch  of  water  at  62P  F.  weighs  2.52.45  grains  ;  a  cubic  foot  weiglis 
nearly  1000  ounces  avoirdupois ;  and  an  Imperial  gallon  weighs  70,000 
grains,  or  10  lbs.  avoirdupois. 

Water  is  825  times  heavier  than  air.  To  all  ordinary  observation,  it  is 
incompressible ;  very  accurate  experiments  have  nevertheless  shown  that 
it  does  yield  to  a  small  extent  when  the  power  employed  is  very  great, 

*  According  to  Dufour,  the  epeclflo  gravity  of  ice  !■  0.0176 ;  water,  therefore,  on 
freezing,  expanils  by  ^  of  its  vQjume. 
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the  diminution  of  volume  for  each  atmosphere  of  pressure  being  about 
51-millionth8  of  the  whole. 

Clear  water,  although  colorless  in  small  bulk,  is  blue  like  the  atmos- 
phere when  viewed  in  mass.  This  is  seen  in  the  deep  ultramarine  tint  of 
the  ocean,  and  perhaps  in  a  still  more  beautiful  manner  in  the  lakes  of 
Switzerland  and  other  Alpine  countries,  and  in  the  rivers  which  issue  from 
them,  the  slightest  admixture  of  mud  or  suspended  impurity  destroying 
the  effect.  The  same  magnificent  color  is  visible  in  the  fissures  and  caverns 
found  in  the  ice  of  the  glaciers,  which  is  usually  extremely  pure  and  trans- 
parent within,  although  foul  upon  the  surface. 

The  specific  gravity  of  steam  or  vapor  of  water  is  found  by  experiment 
to  be  0.625,  compared  with  air  at  the  same  temperature  and  pressure,  or  9 
as  compared  with  hydrogen.  Now,  it  has  been  already  shown  that  water 
is  composed  of  two  volumes  of  hydrogen  and  one  volume  of  oxygen  ;  and 
if  the  weight  of  one  volume  of  hydrogen  be  taken  as  unity,  that  of  two 
volumes  hydrogen  (sb2)  and  one  volume  oxygen  (^=16')  will  together 
make  18,  which  is  the  weight  of  two  volumes  of  water- vapor.  Conse- 
quently water  in  the  state  of  vapor  consists  of  two  volumes  of  hydrogen  and  one 
volume  of  oxygen  condensed  into  two  volwnes.  A  method  of  demonstrating  this 
important  fact  by  direct  experiment  has  been  devised  by  Dr.  Hofinann. 
It  consists  in  exploding  a  mixture  of  two  volumes  hydrogen  and  one  vol- 
ume oxygen,  by  the  electric  spark,  in  a  eudiometer  tube  inclosed  in  an 
atmosphere  of  the  vapor  of  a  liquid  (amylio  alcohol)  which  boils  at  a  tem- 
perature considerably  above  that  of  boiling  water,  so  that  the  water  pro- 
duced by  the  combination  of  the  gases  remains  in  the  state  of  vapor  instead 
of  at  once  condensing  to  the  liquid  form.  It  is  then  seen  that  the  three 
volumes  of  mixed  gas  are  reduced  after  the  explosion  to  two  volumes.* 

Water  seldom  or  never  occurs  in  nature  in  a  state  of  perfect  purity : 
even  the  rain  which  falls  in  the  open  country  contains  a  trace  of  ammo- 
niacal  salt,  while  rivers  and  springs  are  invariably  contaminated  to  a 
greater  or  less  extent  with  soluble  matters,  saline  and  organic.  Simple 
filtration  through  a  porous  stone  or  a  bed  of  sand  will  separate  suspended 
impurities,  but  distillation  alone  will  free  the  liquid  from  those  which  are 
dissolved.  In  the  preparation  of  distilled  water,  which  is  an  article  of 
large  consumption  in  the  scientific  laboratory,  it  is  proper  to  reject  the  first 
portions  which  pass  over,  and  to  avoid  carrying  the  distillation  to  dryness. 
The  process  may  be  conducted  in  a  metal  still  furnished  with  a  worm  or 
condenser  of  silver  or  tin  ;  lead  must  not  be  used. 

The  ocean  is  the  great  recipient  of  the  saline  matter  carried  down  by  the 
rivers  which  drain  the  land  :  hence  the  vast  accumulation  of  salts.  ITie 
following  table  will  serve  to  convey  an  idea.of  the  ordinary  composition  of 
sea-water ;  the  analysis  is  by  Dr.  Schweitzer,!  of  Brighton,  the  water  be- 
ing that  of  the  British  Channel : — 

1000  grains  contained — 

Water 964.745 

Sodium  chloride 27.059 

Potassium  chloride 0.766 

Magnesium  chloride 3.666 

Magnesium  bromide 0.029 

Magnesium  sulphate        •        .        .        .        *  2.296 

Calcium  sulphate 1.406 

Calcium  carbonate    ......  0.033 

Traces  of  Iodine  and  Ammoniacal  salts    .        .  .  .  « 

1000.000 

*  For  a  deicrlption  of  the  apparatus,  ace  Hofmann*B  Modero  Chemistry  (I8C6), 
p.  51. 
t  PhiloBophlcAl  Magazine,  July  1830. 
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Its  specific  gravity  was  found  to  be  1.0274  at  15.50  C.  (GOO  F.).  Sea- 
water  is  liable  to  variations  of  density  and  composition  by  the  influence  of 
local  causes,  such,  as  the  proximity  of  large  rivers,  or  masses  of  melting 
ice,  and  other  circumstances. 

Natural  springs  are  often  impregnated  to  a  great  extent  with  soluble 
substances  derived  from  the  rocks  they  traverse ;  such  are  the  various 
mineral  waters  scattered  over  the  whole  earth,  and  to  which  medicinal 
virtues  are  attributed.  Some  of  these  hold  ferrous  oxide  in  solution,  and 
are  effervescent  from  carbonic  acid  gas  ;  others  are  alkaline,  probably  from 
traversing  rocks  of  volcanic  origin  ;  some  contain  a  very  notable  quantity 
of  iodine  or  bromine.  Their  temperatures,  also,  are  as  variable  as  their 
chemical  nature. 

Water  acts  on  many  oxides,  both  acid  and  basic,  with  great  energy  and 
consideraMe  evolution  of  heat,  producing  compounds  called  hydroxides, 
which  contain  hydrogen  and  oxygen  in  the  proportion  to  form  water,  but 
not  actually  existing  as  water,  the  elements  of  the  two  bodies  in  combining 
having  undergone  a  change  of  arrangement,  thus  : — 

Kfi  +  H,0  =  2KH0  Potassium  hydroxide  (potash). 

CaO  "4-  HjO  =  €aHjO,  Calcium  hydroxide  (slaked  lime). 

SOj   -4"  HjO  rssSHjO^  Sulphur  hydroxide  (sulphuric  acid). 

PjOj  -f-  HjO  =  2PHO,  Phosphorus  hydroxide  (metaphosphoric  acid). 

In  many  of  these  compounds  the  elements  of  water  are  retained  with 
great  force,  and  require  a  high  temperature  to  expel  them :  calcium  hydrox- 
ide, for  example,  requires  a  red  heat  to  convert  it  into  anhydrous  calcium 
oxide  (quick-lime),  and  the  hydroxides  of  potassium,  barium,  sulphur, 
and  phosphorus  cannot  be  dehydrated  by  heat  alone. 

In  other  cases,  water  appears  to  combine  with  other  bodies — salts,  for 
example — as  such,  or,  in  other  words,  without  alteration  of  atomic  arrange- 
ment. Such  compounds  are  called  hydrates,  and  the  water  contained 
in  them — ^thc  presence  of  which  has  great  influence  on  the  crystalline  form 
of  the  compound — miscalled  water  of  crystallization.  Water  thus 
combined  is  easily  expelled  by  heat,  mostly  at  100-1 2(P  F. 

Many  salts  combine  with  diff'erent  quantities  of  water,  according  to  the 
temperature  at  which  they  separate  from  solution,  the  quantity  thus  taken 
up  being,  for  the  most  part,  greater  as  the  temperature  of  solidification  is 
lower :  thus,  sodium  carbonate  crystallizes  from  solution  at  ordinary  tem- 
peratures in  oblique  rhombic  prisms  containing  10  molecules  of  water 
(COjNa,  -\-  lOHjO),  whereas  at  higher  temperatures  it  crystallizes  as 
COjNa,  +  8HjO  or  5HjO,  and  from  a  boiling  solution  in  rectangular  plates 
containing  COgNa-  -|-  HjO. 

There  are  also  nydrates  called  cryohydrates,*  which  exist  only  at 
temperatures  below  the  freezing  point  of  water ;  thus,  sodium  chloride 
(common  salt),  which  ftt  ordinary  temperatures  crystallizes  in  anhydrous 
cubes,  solidifies  at  — ^230  C.  ( — 9.4  F.)  with  lOA  molecules  of  water,  forming 
the  hydrate  NaGl  +  lO^H^O,  or  2NaCl  -f-  2IH2O,  and  ammonium  chloride 
(sal-ammoniac),  also  anhydrous  at  ordinary  temperatures,  solidifies  at 
— 150  C.  (—  50  F.)  to.  a  hydrate  containing  NH^Cl  +  12HjO. 

In  some  cases,  water  of  crystallization  is  so  feebly  combined  that  it  gra- 
dually separates  when  the  substance  containing  it  is  exposed  at  ordinary 
temperatures  to  dry  air,  the  salt  at  the  same  time  losing  its  crystalline 
character  and  falling  to  powder.  This  change,  called  efflorescence, 
is  strikingly  exhibited  by  crystallized  sodium  carbonate  and  common  alum. 
On  the  other  hand,  many  substances  which  are  very  soluble  in  water 
attract  water  from  moist  air  in  such  quantity  as  to  form  a  solution  ;  this 

•  Qutbrle,  Phil.  3Iag.  (Ser.  4)  xUx.  1,  206 ;  1,  20' ;— (Scr.  5)  i.  49 ;  il.  211. 
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change,  which  is  exhibited  by  calcium  chloride  and  potassium  hydroxide 
(caustic  potash))  is  called  deliquescence. 

Lastly,  the  solvent  properties  of  water  far  exceed  those  of  any  other 
liquid  known.  Among  salts  a  very  large  proportion  are  soluble  to  a  greater 
or  less  extent,  the  solubility  usually  increasing  with  the  temperature,  so 
that  a  hot  saturated  solution  deposits  crystals  on  cooling.  There  are  a  few 
exceptions  to  this  law,  one  of  the  most  remarkable  of  which  is  common 
salt,  the  solubility  of  which  is  nearly  the  same  at  all  temperatures  :  the 
hydroxide  and  certain  organic  salts  of  calcium,  also,  dissolve  more  freely 
in  cold  than  in  hot  water. 

Fig.  95  exhibits  the  unequal  solubility  of  different  salts  in  water  of  dif- 
ferent temperatures.  The  lines  of  solubUity  cut  the  verticals  raised  from 
points  indicating  the  temperatures,  ui>on  the  lower  horizontal  line,  at 
heights  proportioned  to  the  quantities  of  salt  dissolved  by  100  parts  of 
water.  The  diagram  shows,  for  example,  that  100  parts  of  water  dissolve 
of  potassium  sulphate  8  parts  at  OO  C.,  17  parts  at  50^,  and  25  parts  at 

Solubility  of  Salts  in  100  parts  of  Water, 

Fig.  95. 
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lOOO.  There  are  salts  which,  like  sodium  chloride,  possess,  as  already 
mentioned,  very  nearly  the  same  degree  of  solubility  in  water  at  all  tem- 
peratures ;  in  others,  like  potassium  sulphate  or  potassium  chloride,  the 
solubility  increases  directly  with  the  increment  of  temperature  ;  in  others, 
again,  like  potassium  nitrate  or  potassium  chlorate,  the  solubility  augments 
much  more  rapidly  than  the  temperature.  The  differences  in  the  deport- 
ment of  these  different  salts  are  shown  very  conspicuously,  by  a  straight 
horizontal  line,  by  a  straight  inclined  line,  and  lastly,  by  curves,  the  con- 
vexity of  which  is  turned  towards  the  lower  horizontal  line. 

The  solubility  of  a  salt  is  usually  represented  by  the  quantity  of  anhydrous 
salt  dissolved  by  100  parts  of  water.  It  is  obvious,  however,  that  salts 
containing  water  of  hydration  or  water  of  crystallization  cannot,  within 
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ceTt&m  limits  of  temperature,  dissolve  in  water  in  the  anhydrous  state, 
but  must  be  dissolved  as  hydrates.     The  solubility  of  a  hydrated  salt  fre- 
quently diHers  very  considerably  from  that  of  the  same  salt  in  the  an- 
hydrous state.     Again,  many  salts,  as  already  observed,  form  more  than 
one  hydrate  ;  and  these  several  hydrates  may  also  differ  in  their  solubility. 
Sodixmi  sulphate  forms  a  hydrate,  S04Na,  +  7H,0,  consisting,  in  100  parts, 
of  53  parts  of  anhydrous  salt  and  47  parts  of  water,  which  is  obtained  in 
crystal,  when  a  solution  of  sodium  sulphate  saturated  at  lOOO  C.  is  cooled 
out  of  contact  with  the  air :  this  hydrate  is  much  more  soluhle  than  the 
ordinary  hydrate  S04Na,+  lOH^O  (Glauber's  salt),  which  differs  from  the 
former  in  its  crystalline  form,  and  consists,  in  100  parts,  of  44.2  parts  of 
anhydrous  salt  and  55.8  parts  of  water.     When  a  solution  of  sodium  sul- 
phate is  saturated  at  the  boiling  point  of  water,  and  cooled  to  the  common 
temperature  without  depositing  any  crystals,  the  salt  exists  in  the  form  of 
the  more  soluble  hydrate.     This  salt,  when  coming  in  contact  with  the 
dust  of  the  air,  or  with  a  small  crystal  of  common  Glauber's  salt,  is  sud- 
denly transformed  into  the  less  soluble  hydrate,  part  of  which  separates 
from  the  solution  in  the  form  of  Glauber's  salt.     From  OO  to  330  C.  (320 
to  91"^  F.)  sodium  sulphate  dissolves  as  Glauber's  salt,  the  solubility  of 
which  increases  with  the  temperature :  hence  the  rapid  rise  of  the  curve 
representing  the  solubility  of  the  salt.     Above  330  C.  (910  F.)  the  hydrate 
of  sodium  sulphate  is  decomposed,  even  in  solution,  being  more  and  more 
thoroughly  converted  into  the  anhydrous  salt  as  the  temperature  increases. 
Sodium  sulphate  appears,  however,  far  less  soluble  in  the  anhydrous  state, 
and  hence  the  diminution  of  solubility  of  the  salt  when  its  solution  is 
heated  above  330  C.  (91o  F.) 

Liquid  Diffusion.     Dialysis. — ^When  a  solution  having  a  sp.  gr.  greater 
than  water  is  introduced  into  a  cylindrical  glass  vessel,  and  then  water 
very  cautiously  poured  upon  it,  in  such  a  manner  that  the  two  layers  of 
liquid  remain  unmoved,  the  substance  dissolved  in  the  lower  liquid  will 
gradually  pass  into  the  supernatant  water,  though  the  vessel  may  have 
been  left  undisturbed,  and  the   temperature   remain   unchanged.     This 
gradual  passage  of  a  dissolved  substance  from  its  original  solution  into 
pure  water,  taking  place  notwithstanding  the  higher  specific  gravity  of 
the  substance  which  opxKJses  this  passage,  is  called  the  diffusion  of  liquids. 
The  phenomena  of  this  diffusion  have  been  elaborately  investigated  by 
Graham,  who  has  arrived  at  very  important  results.     Different  substances, 
when  in  solution  of  the  same  concentration,  and  under  other  similar  cir- 
cumstances, diffuse  with  very  unequal  velocity.     Hydrochloric  acid,  for 
instance,  diffuses  with  greater  rapidity  than  potassium  chloride,  potassium 
chloride  more  rapidly  than  sodium  chloride,  and  the  latter,  again,  more 
quickly  tlian  magnesium  sulphate  ;  gelatin,  albumen,  and  caramel  diffuse 
very  slowly.     Diffusion  is  generally  found  to  take  place  more  rapidly  at 
high  than  at  low  temperatures.     Diffusion  is  more  particularly  rapid  with 
crystallized  substances,  though  not  exclusively,  for  hydrochloric  acid  and 
alcohol  are  among  the  highly  diffusive  bodies.     Diffusion  is  slow  with  non- 
crystalline bodies,  which,  like  gelatin,  are  capable  of  forming  a  jelly, 
though  even  here  exceptions  are  met  with.     Graham  calls  the  substances 
of  great  dlffusibility  crystalloids,  the  substances  of  low  diffusibility  colloids. 
The  unequal  power  of  diffusion  with  which  different  bubstances  are  en- 
dowed frequently  furnishes  the  means  of  separating  them.     When  water 
is  poured  with  caution,  so  as  to  prevent  mixing,  upon  a  solution  contain- 
ing equal  quantities  of  potassium  chloride  and  sodium  chloride,  the  more 
diffusible  potassium  chloride  travels  more  rapidly  upwards  than  the  less 
diffusible  sodium  chloride,  and  very  considerable  portions  of  potassium 
chloride  will  have  reached  the  upper  layers  of  the  water  before  the  sodium 
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chloride  has  arrived  there  in  appreciable  quantity.  The  Beparation  of 
rapidly  diffusible  crystalloids  and  slowly  diffusible  colloids  succeeds  still 
better. 

A  more  perfect  separation  of  crystalloids  and  colloids  may  be  accom- 
plished in  the  following  manner :  Graham  made  the  important  observa- 
tion, that  certain  membranes,  and  also  parchment  paper,  when  in  contact, 
on  the  one  surface,  with  a  solution  containing  a  mixture  of  crystallofdal 
and  colloidal  substances,  and,  on  the  other  surface,  with  pure  water,  will 
permit  the  passage  to  the  water  of  the  crystalloids,  but  not  of  the  colloids. 
To  carry  out  this  Important  mode  of  separation,  which  is  designated  by 
the  term  dialyaU^  the  lower  mouth  of  a  glass  vessel,  open  at  top  and  bottom 
(fig.  96),  is  tied  over  with  parchment  paper,  placed  ,upon  an  appropriate 
support  (fig.  07),  and  transferred,  together  with  the  latter,  into  a  larger 
vessel  filled  with  water  (fig.  99) ;  or  the  vessel  may  be  suspended,  as 
shown  in  fig.  98.  The  liquid  containing  the  different  substances  in  solu- 
tion is  then  poured  into  the  inner  vessel,  so  as  to  form  a  layer  of  about 


Fig.  96. 


Fig.  08. 


Fig.  97. 


Fig.  90. 


half  an  inch  in  height  upon  the  parchment  paper.  The  crystalloidal  sub- 
stances gradually  pass  through  the  parchment  paper  into  the  out«r  water, 
which  may  be  renewed  from  time  to  time ;  the  colloidal  substances  are 
almost  entirely  retained  by  the  liquid  in  the  inner  vessel.  In  this  manner 
Graham  prepared  several  colloids  free  from  crystalloids  ;  he  showed,  more- 
over, that  poisonous  crystalloids,  such  as  arsenious  acid  or  strychnine, 
even  when  mixed  with  very  large  proportions  of  colloidal  substances,  pass 
over  into  the  water  of  the  dialyzer  in  such  a  state  of  purity  that  their 
presence  may  be  established  by  re-agents  with  the  utmost  facility. 

Osmose. — ^When  two  different  liquids  are  separated  by  a  porous  dia- 
phragm, as,  for  instance,  by  a  membrane,  and  the  liquids  mix  through 
this  diaphragm,  it  is  found  that  in  most  cases  the  quantities  travelling  in 
opposite  directions  are  unequal.  Suppose  three  cylinders,  the  lower 
mouths  of  which  are  tied  over  with  bladders,  filled  respectively  with  con- 
centrated solutions  of  copper  sulphate,  sodium  chloride,  and  alcohol,  and 
let  them  be  immersed,  in  vessels  containing  water,  to  such  a  depth  that 
the  liquids  inside  and  outside  are  level  (fig.  100).  After  some  time  the 
liquid  within  the  tube  is  found  to  have  risen  appreciably  above  the  level 
of  the  water  (fig.  101).  On  the  other  hand,  if  the  cylinder  filled  with 
pure  water  be  immersed  in  a  solution  of  copper  sulphate,  or  of  sodium 
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chloride,  or  In  alcohol,  the  liquid  in  the  cylinder  is  seen  to  diminish  after 
some  time  (fig.  102).  A  larger  quantity  of  water  passes  through  the 
bladder  into  the  solution  of  copper  sulphate,  of  sodium  chloride,  or  into 
alcohol,  than  the  amount  of  either  of  these  three  liquids  which  passes 
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Fig.  101. 


Fig.  102. 


through  the  bladder  into  the  water.  The  mixing  of  dissimilar  suhstances 
through  a  porous  diaphragm  is  called  osmose.  The  passage  in  larger  pro- 
portions of  one  liquid  into  another  is  designated  by  the  term  exosmose. 

These  phenomena  are  due  to  the  attraction  which  the  two  liquids  have 
for  each  other,  and  to  the  difference  of  the  attraction  exercised  by  the  dia- 
phraghm  upon  these  liquids.  Bladder  takes  up  a  much  larger  quantity 
of  water  than  of  a  solution  of  salt  or  of  alcohol.  Very  rarely  only  one  of 
the  liquids  traverses  the  diaphragm ;  generally  two  currents  of  unequal 
strength  move  in  opposite  directions.  When  water  is  separated  by  an  ani- 
mal membrane  from  a  solution  of  salt  or  from  alcohol,  not  only  is  a  transi- 
tion of  water  to  these  liquids  observed,  but  a  small  quantity  of  hydrochloric 
acid  and  of  alcohol  also  passes  over  into  the  water.  In  some  cases,  however, 
when  coUcadal  substances  in  concentrated  solutions  are  on  one  side  of  the 
diaphragm  and  water  on  the  other,  the  lattejr  alone  traverses  the  diaphragm, 
not  a  trace  of  the  former  passing  through  to  the  water. 

Water  likewise  dissolves  gases.  Solution  of  gases  in  water  (or  in  other 
liquids)  is  called  absorption,  unless  this  solution  gives  rise  to  the  formation 
of  chemical  compounds  in  definite  proportions.  The  phenomena  of  absorx>- 
tion  have  been  more  particularly  studied  by  Bunsen,  to  whom  we  are  in- 
debted for  the  most  accurate  examination  of  this  subject. 

Water  dissolves  very  unequal  quantities  of  the  difi'erent  gases,  and  very 
unequal  quantities  of  the  same  gas  at  different  temperatures.  1  vol.  of 
water  absorbs,  at  the  temperatures  stated  in  the  table,  and  under  the 
pressure  of  30  inches  of  mercury,  the  following  volumes  of  different  gases, 
measured  at  0^  C.  and  30  inches  pressure  : — 


Nitrogen 

Oarbon 

Oxygen. 

Nitrogen. 

Hydrogen,    monoxide. 

dioxide. 

(K>C.       . 

.     0.041 

0.020 

0.019           1.31 

1.80 

lOo 

.     0.033 

0.016 

0.019          0.92 

1.18 

20O 

.    0.028 

0.014 

0.019          0.67 

0.90 

Hydroeren  Sulphurous  Hydrochlo- 

Ammo- 

Ohlorine. 

sulphide. 

oxide.          ric  acid. 

nia. 

QOC. 

•          ' 

4.37 

53.9               505 

1180 

lOO 

.     2.59 

3.59 

36.4             472 

898 

20O 

.    2.16 

2.91 

27.3             441 

680 

30O 

.    1.75 

2.33 

20.4             412 

536 

40O 

.    1.37 

1.86 

15.6             387 

444 
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When  the  pressure  increases,  a  larger  quantity  of  the  gases  is  absorbed. 
Gases  moderately  soluble  in  water  follow  in  their  solubility  the  law  of 
Henry  and  Dalton,  according  to  which  the  quantity  of  gas  dissolved  is 
proportional  to  the  pressure.  At  1(P  C.  1  vol.  of  water  absorbs,  under  a 
pressure  of  1  atmosphere,  1.18  vol.  of  carbon  dioxide,  measured  at  (P  and 
under  a  pressure  of  30  inches  mercury.  The  quantity  of  carbon  dioxide 
dissolved  under  a  pressure  of  2  atmospheres,  and  measured  under  condi- 
tions precisely  similar  to  those  of  the  previous  experiments,  equals  2."36 
vols.  Again,  1  vol.  of  water  dissolves  under  a  pressure  of  J  atmosphere, 
0.59  vol.  of  carbon  dioxide  also  measured  at  0^  and  under  30  inches  of 
mercury.  Oases  which  are  exceedingly  soluble  in  water  do  not  obey  this 
law,  except  at  high  temperatures,  when  the  solubility  has  been  already 
considerably  diminished. 

It  deserves,  however,  to  be  noticed,  that  the  pressure  which  determines 
the  rate  of  absorption  of  a  gas  is  by  no  means  the  general  pressure  to 
which  the  absorbing  liquid  is  exposed,  but  that  pressure  which  the  gas 
under  consideration  would  exert  if  it  were  alone  present  in  the  space  with 
which  the  absorbing  liquid  is  in  contact.  Thus,  supposing  water  to  be  in 
contact  with  a  mixture  of  1  vol.  of  carbon  dioxide  and  3  vols,  of  nitrogen, 
under  a  pressure  of  4  atmospheres,  the  amount  of  carbon  dioxide  dissolved 
by  the  water  will  be  by  no  means  equal  to  that  which  the  water  would 
have  absorbed  if  it  had  been,  at  the  same  pressure  of  4  atmospheres,  in 
contact  with  pore  carbon  dioxide.  In  a  mixture  of  carbon  dioxide  and 
nitrogen  in  the  stated  proportions,  the  carbon  dioxide  exercises  only  ^,  the 
nitrogen  only  J,  of  the  total  pressure  of  the  gaseous  mixture  (4  atmos- 
pheres) ;  the  partial  pressure  due  to  the  carbon  dioxide  is  in  this  case  1 
atmosphere,  that  due  to  the  nitrogen  3  atmospheres  ;  and  wat^r,  though 
exposed  to  a  pressure  of  4  atmospheres,  cannot,  under  these  circumstances, 
absorb  more  carbon  dioxide  than  it  would  if  it  were  in  contact  with  pure 
carbon  dioxide  under  a  pressure  of  1  atmosphere. 

It  is  necessary  to  bear  this  in  mind  in  order  to  understand  why  the  air 
which  is  absorbed  by  water  out  of  the  atmosphere  differs  in  composition 
from  atmospheric  air.  The  latter  consists  very  nearly  of  21  vols,  of  oxy- 
gen and  79  vols,  of  nitrogen.  In  atmospheric  air  which  acts  under  a  pres- 
sure of  1  atmosphere,  the  oxygen  exerts  a  partial  pressure  of  ^^,  the 
nitrogen  a  partial  pressure  of  -f^^j  atmosphere.  At  10  C.  1  vol.  of  water 
(see  the  above  table)  absorbs  0.033  vol.  of  oxygen  and  0.016  vol.  of  nitro- 
gen, supposing  these  gases  to  act  in  the  pure  state  under  a  pressure  of  1 
atmosphere.  But  under  the  partial  pressures  just  indicated,  water  of  lOO 
C.  cannot  absorb  more  than  ^q\  X  0.033  =  0.007  of  oxygen,  and  ^^\  X 
0.016  =  0.13  vol.  of  nitrogen.  In  0.007  +  0.13  =  0.020  vol.  of  the  gase- 
ous'mixture  absorbed  by  water,  there  are  consequently  0.007  vol.  of  oxygen 
and  0.013  vol.  of  nitrogen,  or  in  20  vols,  of  this  mixture,  7  vols,  of  oxygen 
and  13  vols,  of  nitrogen,  or  in  100  vols,  of  the  gaseous  mixture,  35  vols, 
of  oxygen  and  69  vols,  of  nitrogen.  The  air  contained  at  the  common 
temperature  in  water  is  thus  seen  to  he  very  much  richer  in  oxygen  than 
ordinary  atmospheric  air.  This  property  of  water  to  absorb  oxygen  from 
the  air  more  readily  than  nitrogen  has  been  applied  to  the  preparation  of 
oxygen  for  industrial  use.* 

Air  is  pressed  into  water  by  means  of  a  forcing-pump,  and  the  gases 
which  escape  on  diminishing  the  pressure  are  subjected  to  the  same  treat- 
ment eight  times  in  succession,  by  which  time  nearly  pure  oxygen  is  ob- 
tained. The  following  table  shows  the  composition  of  the  gaseous  mixture 
at  each  successive  stage : — 

*  Mallet,  DlDgIer*B  Polyt.  Journal, cxclx.  112. 
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Atmospheric 

Oompositloc  after  successive  pressures. 

air. 

1 

2 

3 

4 

0 

6 

7 

8 

N ....  79 
0 ....  21 

66.67  ,  52.5 
33.33    47.5 

37.5 
62.5 

25.0 
75.0 

15.0 
85.0 

9.0 
91.0 

5.0 
95.0 

2.7 
97.3 

Water  containing  a  gas  in  solution ,  when  exposed  in  a  vacuum  or  in  a 
space  filled  with  another  gas,  allows  the  gas  absorbed  to  escape  until  the 
quantity  retained  corresponds  with  the  share  of  the  pressure  belonging  to 
the  gas  evolved.  If  the  latter  be  constantly  removed  by  a  jwwerful  ab- 
sorbent or  by  a  good  air-pump,  it  is  in  most  cases  easy  to  separate  every 
trace  of  gas  from  the  water.  The  same  result  is  obtained  when  water  con- 
taining a  gas  in  solution  is  exposed  in  a  space  of  comparatively  infinite 
size  filled  with  another  gas.  Water  in  which  nitrogen  monoxide  is  dis- 
solved loses  the  latter  entirely  by  mere  exposure  to  the  atmosphere,  and 
the  gas  evolved  cannot,  at  any  moment,  exert  more  than  an  infinitely  small 
share  of  the  pressure.  If  water  be  freed  from  gases  by  ebullition,  the 
separation  depends  partly  upon  the  diminution  of  the  solubility  by  the  in- 
crease of  temperature,  partly  also  upon  the  formation  above  the  surface 
of  the  liquid  of  a  constantly  renewed  atmosphere  into  which  the  gas  still 
reli-ined  by  the  liquid  may  escape. 

Some  gases  which  are  absorbed  in  large  quantities,  and  very  quickly  by 
water — hydrochloric  acid,  for  instance— cannot  be  perfectly  expelled  either 
by  the  protracted  action  of  another  gas  (exposure  to  the  atmosphere)  or 
by  ebullition  ;  in  such  cases  the  liquid,  still  charged  with  gas,  evaporates 
2a  a  whole  when  it  has  assumed  a  certain  composition.  This  composition 
varies,  however,  with  the  temperature  if  the  liquid  be  submitted  to  a  cur- 
rent of  air,  and  with  the  pressure  if  it  be  boiled. 

Liquids  also  lose  the  gas  they  contain  in  solution  by  freezing  :  hence  the 
air-bubbles  in  ice,  which  consist  of  the  air  which  had  been  absorbed  from 
the  atmosphere  by  the  water.  Gas  is  retained  by  liquids  at  the  freezing 
temperature  only  when  it  forms  a  chemical  combination  in  definite  propor- 
tion with  the  liquid.  Water  containing  chlorine  or  sulphurous  acid  in 
solution  freezes  without  evolution  of  gas,  with  formation  of  a  solid  hydrate 
of  chlorine  or  sulphurous  acid. 

Pure  water  generally  dissolves  gases  more  copiously  than  water  containing 
solid  bodies  in  solution  (salt  water,  for  instance).  If  in  some  few  cases 
exceptions  are  observed  to  take  place,  they  appear  to  depend  upon  the 
formation  of  feeble  but  true  chemical  compounds  in  definite  proportion  ; 
the  fact  that  carbon  dioxide  is  more  copiously  absorbed  by  water  contain- 
ing Rodiam  phosphate  in  solution  than  by  pure  water,  may  perhaps  be  ex- 
plained in  this  manner. 

When  water  is  heated  in  a  strong  vessel  to  a  temperature  above  that  of 
the  ordinary  boiling  point,  its  solvent  powers  are  still  further  increased. 
Dr.  Turner  inclosed  in  the  upper  part  of  a  high -pressure  steam-boiler, 
worked  at  149^  C.  (300O  F.),  pieces  of  plate  and  crown  glass.  At  the  ex- 
piration of  four  months  the  glass  was  found  completely  corroded  by  the 
action  of  the  water  ;  what  remained  was  a  white  mass  of  silica,  destitute 
of  alkali,  while  stalactites  of  siliceous  matter,  above  an  inch  in  length, 
depended  from  the  little  wire  cage  which  inclosed  the  glass.  This  experi- 
ment tends  to  illustrate  the  changes  which  may  be  produced  by  the  action 
of  water  at  a  high  temperature  in  the  interior  of  the  earth  upon  felspathic 
and  other  rocks.  The  phenomenon  is  manifest  in  the  Geyser  springs  of 
Icelandi  which  deposit  siliceous  sinter. 
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Hydrogen  Dioxide,  HgO,,  sometimes  called  Oxygenated  water,  is  an 
exceedingly  interesting  substance,  but  very  difficult  of  preparation.  It  is 
formed  by  dissolving  barium  dioxide  in  dilute  hydrochloric  acid  carefully 
cooled  by  ice,  and  then  precipitating  the  barium  by  sulphuric  acid  ;  the 
excess  of  oxygen  of  the  dioxide,  instead  of  being  disengaged  as  gas,  unites 
with  a  portion  of  the  water,  and  converts  it  into  hydrogen  dioxide.  This 
treatment  is  repeated  with  the  same  solution  and  fresh  portions  of  the 
barium  dioxide,  until  a  considerable  quantity  of  the  latter  has  been  con- 
sumed, and  a  corresponding  amount  of  the  hydrogen  dioxide  formed.  The 
liquid  yet  contains  hydrochloric  acid,  to  get  rid  of  which  it  is  treated  in 
succession  with  silver  sulphate  and  baryta  water.  The  whole  process 
requires  the  utmost  care  and  attention.  The  barium  dioxide  itself  is  pre- 
pared by  exposing  pure  baryta,  contained  in  a  red-hot  porcelain  tube,  to 
a  stream  of  oxygen.  The  solution  of  hydrogen  dioxide  may  be  concentrated 
under  the  air-pump  receiver  until  it  acquires  the  specific  gravity  of  1.45. 
In  this  state  it  presents  the  aspect  of  a  colorless,  transparent,  inodorous 
liquid,  possessing  remarkable  bleaching  powers.  It  is  very  prone  to  de- 
composition ;  the  least  elevation  of  temperature  causes  effervescence,  due 
to  the  escape  of  oxygen  gas  ;  near  10(P  C.  it  is  decomposed  with  explosive 
violence.  Hydrogen  dioxide  contains  exactly  twice  as  much  oxygen  as 
water,  or  16  parts  to  one  part  of  hydrogen. 


Fig.  103. 


NITROGEN. 

Atomic  weight,  14 ;  symbol,  N. 

Nitrogen*  constitutes  about  four-fifths  of  the  atmosphere,  and  enters 
into  a  great  variety  of  combinations.  It  may  be  prepared  by  several 
methods.  One  of  the  simplest  of  these  is  to  burn  out  the  oxygen  from  a 
confined  portion  of  air  by  phosphorus,  or  by  a  jet  of  hydrogen. 

A  small  porcelain  capsule  is  floated  on  the  water  of  the  pneumatic  trough, 
and  a  piece  of  phosphorus  is  placed  in  it  and  set  on  fire.  A  bell-jar  is 
then  inverted  over  the  whole,  and  suffered  to  rest  on  the  shelf  of  the 
trough,  so  as  to  project  a  little  over  its  edge.  At  first  the  heat  causes  ex- 
pansion of  the  air  of  the  jar,  and  a  few  bubbles  are  expelled,  after  which 

the  level  of  the  water  rises  considerably.  When  the 
phosphorus  becomes  extinguished  by  exhaustion  of 
the  oxygen,  and  time  has  been  given  for  the  subsi- 
dence of  the  cloud  of  finely  divided  snow-like  phos- 
phoric oxide  which  floats  in  the  residual  gas,  the 
nitrogen  may  be  transferred  into  another  vessel,  and 
its  properties  examined. 

Prepared  by  the  foregoing  process,  nitrogen  is  con- 
taminated with  a  little  vapor  of  phosphorus,  which 
communicates  its  peculiar  odor.    A  preferable  method 
is  to  fill  a  porcelain  tube  with  turnings  of  copper,  or, 
still  better,  with  the  spongy  metal  obtained  by  re- 
ducing the  oxide  with  hydrogen  ;   to  heat  this  tube 
to  redness  ;  and  then  pass  through  it  a  slow  stream 
of  atmospheric  air,  the  oxygen  of  which  is  entirely 
removed,  during  its  progress,  by  the  heated  copper. 
If  chlorine  gas  be  passed  into  solution  of  ammonia,  the  latter  substance, 
which  is  a  comiwund  of  nitrogen  with  hydrogen,  is  decomposed  ;  the  chlo- 
rine combines  with  the  hydrogen,  and  the  nitrogen  is  set  free,  with  effer- 

*  t.  <.,  Qenerator  of  nitre ;  nUo  ealled  Azote,  from  a,  privative,  and  ^m,  life. 
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Teacence.  In  this  manner  very  pure  nitrogen  can  be  obtained.  In  making 
this  pxptsriment,  it  is  necessary  to  stop  short  of  saturating  or  decomposing 
the  whole  of  the  ammonia ;  otherwise  there  will  be  great  risk  of  accident 
from  the  formation  of  an  exceedingly  dangerous  explosive  compound,  pro- 
duced bv  the  contact  of  chlorine  with  an  ammoniacal  salt. 

Another  very  easy  and  perfectly  safe  method  of  obtaining  pure  nitrogen 
is  to  decompose  a  solution  of  potassium  nitrite  with  ammonium  chloride 
(sal-ammoniac).  The  potassium  nitrite  is  prepared  by  passing  the  red 
vapors  of  nitrous  acid,  obtained  by  heating  dilute  nitric  acid  with  starch, 
into  a  solution  of  caustic  potash.  On  boiling  the  resulting  solution  with 
eal-ammoniac,  nitrogen  gas  is  evolved,  while  potassium  chloride  remains 
in  solution.     The  reaction  is  represented  by  the  equation, 

KNOj       +       NH^Cl      =       KCl      +      2HjO      +       N, 
PotAsslum  Ammouium         PotAssium         Water.  Nitroi^en 

nitrif«.  chloride.  chloride.  gas. 

Nitrogen  is  destitute  of  color,  taste,  and  odor  ;  it  is  a  little  lighter  than 
air,  its  den^sity  being  0.972.  A  litre  of  the  gas  at  (P  C.  and  760  mm.  baro- 
metric pressure  weighs  1.25658  gram.  100  cubic  inches,  at  15. 5^  C.  (60O 
F.)  and  30  inches  barometer,  weigh  30,14  grains.  Nitrogen  is  incapable  of 
sustaining  combustion  of  animal  life,  although,  like  hydrogen,  it  has  no 
positive  poisonous  properties  ;  neither  is  it  soluble  to  any  notable  extent 
in  water  or  caustic  alkali ;  it  is,  in  fact,  best  characterized  by  negative 
properties.* 

Atmospherio  Air. — ^The  exact  composition  of  the  atmosphere  has  re- 
peatedly been  noade  the  subject  of  experimental  research.  Besides  nitro- 
gen and  oxygen,  the  air  contains  a  little  carl)on  dioxide  (carbonic  acid),  a 
very  variable  proportion  of  aqueous  vapor,  a  trace  of  ammonia,  and,  per- 
haps, a  little  carburetted  hydrogen.  The  oxygen  and  nitrogen  are  in  a 
state  of  mixture,  not  of  combination,  yet  their  ratio  is  always  uniform. 
Air  has  been  brought  from  lofty  Alpine  heights,  and  compared  with  that 
from  the  plains  of  Egypt ;  it  has  been  brought  from  an  elevation  of  21,000 
feet  bv  the  aid  of  a  balloon  ;  it  has  been  collected  and  examined  in  London 
and  Paris,  and  many  other  places  ;  still,  the  proportion  of  oxygen  and 
nitrogen  remains  unaltered,  the  diffusive  energy  of  the  gases  being  ade- 
quate to  maintain  this  perfect  uniformity  of  mixture.  The  carbon  dioxide, 
on  the  contrary,  being  much  influenced  by  local  causes,  varies  considerably. 
In  the  following  table  the  proportions  of  oxygen  and  nitrogen  are  given  on 
the  authority  of  Dumas,  and  the  carbon  dioxide  on  that  of  De  Saussure : 
the  ammonia,  the  discovery  of  which  in  atmospheric  air  is  due  ta  Liebig, 
is  too  small  in  quantity  for  direct  estimation. 

Composition  of  the  Atmosphere, 

By  weight.  By  ine»8ur<i. 
Nitrogen          ....      77  parts.  79.19 

Oxygen 23     "  20.81 

100  100.00 

Carbon  dioxide,  from  3.7  measures  to  6.2  measures  in  10,000  measures  of  air. 
Aqueous  vapor  variable,  depending  much  upon  the  temperature. 
Ammonia,  a  trace. 

»  On  the  receipt  by  the  French  Academv  of  the  intcllieenee  of  the  liquefaction 
ofoKjrscen  y  M.  Pict*»t  (p.  123),  it  was  announced  that  M  Ciilletet  hud  obtninpd 
the  same  reHult,  and  not  only  with  oxyeren  but  also  with  carbon  monoxide,  nitro- 
gen dioxide,  nitrogen,  and  hydrogen.  Nitropen  became  visible  on  exit  from  a  jet 
pi[»e  (pressare  200  at.)  as  litrie  drops,  but  hydrn^en  (280  nf.)  onlv  as  a  vnporary 
ctond,— a  utieee^a  not  equal  to  the  condensation  of  carbon  dioxide  or  nitrogen 
monoxide.— K  B. 
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Dr.  Frankland  has  itnaljzpd  samples  of  air  takes  by  hEmaelf  in  the 
Talle;  ol  Chamoani,  on  tlio  suniitiit  of  Mont  Blaiiu,  and  at  the  Ur&uda 
Muluts.     Tht)  fallowing  are  the  results  of  bis  analyBKS  ;— 

OarbOD  Dioxide.       OxTgio, 
ChamoDDl  (3000  feet)  .         .         .     O.OliS  ■M.aili 

Qrandx  Muleta  (11,000  feet)  .     0.111  20.802 

Hoat  Blanc  (15,732  feet)      .         .    O.OUl  20.9t;3 

A  litre  of  pare  and  dry  air  at  OO  C.  and  760  mm.  presBure  weigla 
1.3931)8  grams.  100  cubic  inches  at  15.5°  C.  (60©  F.)  and  30  inches  bai-om. 
weigh  30.935  graini  :  heuce  a  cubic  foot  weighs  S3ti.9G  grains,  which  is 
1^1  of  the  weight  of  a  cubic  foot  of  water  at  the  same  ti>mperature. 

The  analysis  of  air  is  very  well  effected  by  passiiig  it  over  finely  divided 

copper  contained  in  a  tube  of  liard   glass,  oarefuUy  weighed  and   then 

heated  to  redness :   the  nitrogen  is  suiferud   lo  How  into  an  exiiausted 

glass  globe,  also  previously  weighed.     The   increaiie  in 

Fig-  If*.  weight  of  the  copper  a ItiT  the  experiment  gives  the  amount 

of  oxygen,  and  the  increase  in  weight  of  the  eihsasted 

globe  gives  the  nitrogen. 

An  easier  but  less  accurate  method  consists  in  intro- 
ducing into  a  graduateji  tube,  standing  over  water,  a 
known  quantity  of  the  air  to  be  examined,  and  then  pass- 
ing into  the  latter  a  stick  of  phosphorus  affixed  to  the 
end  of  a  wire.  The  whole  is  left  about  twenty-four  hours, 
during  wliioh  the  oxygen  is  slowly  but  completely  ab- 
sorbed, after  wliich  the  phoHphorns  la  withibawn,  and 
the  residual  gas  read  off. 

Liubig  proposed  the  use  of  an  alkaline  solution  of  pyro- 
gallic  acid  (a  sulwtanee  which  will  be  described  in  the 
department  of  organic  chemistry)  for  the  slisorption  of 
oxygen.     The  alisorptive  power  of  Euch  a  solution,  which 
turns  deep  black  on  coming  in  contact  with  the  oxygen, 
is  very  ooneidersbie.     liiebig's   method   combines  great 
accuracy  with  unusual  rapidity  and  facility  of  execution. 
Another  plan  is  to  mix  the  airwith  liydrogeii  and  pass  an  electric  spark 
through  the  inixture  :  after  explosion 
Flf.  109.  the  volume  of  gas  is  read  off  and  com- 

pared with  that  of  the  air  employed. 
Since  tlio  analysts  of  gaseous  bodies  by 
explosion  is  an  operation  of  great  im- 
portance, it  may  be  worth  while  to 
describe  the  process  in  detail,  as  it  is 
applicable,  with  certain  obvious  varia- 
tions, to  a  number  of  analogona  cast's. 
Instruments  for  this  purpose  are 
called  eudiometers.  The  simplest, 
and, on  thowholu,  theroostconvenienl, 
oonsists  of  a  straight  graduBt«d  glass 
tube  (flg.  10r>)  closed  at  the  top,  and 
having  platinum  wires  inserted  near 
the  closed  end,  to  give  passage  to  an 
electric  spark.  This  tube  is  filled  with 
mercury,  and  inverted  in  a  mercurial 
pneumatio  trough. 

For  the  analysis  of  air,  a  quantity 
sufficient  to  fill  about  one-sixth  of  the 
tube  is  introduced,  and  its  volume  ac- 
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cnratelv  ascertained  bj  reading  off  with  a  telescope  the  nnmber  of  the 

dlTiaious  on  tlie  tabe  to  which  the  mercury  reaches,  whilst  the  height  of 

the  column  of  mercurj  in  the  tube  above  the  trough,  together  with  that 

o(  the  barometer,  and  the  temperature  of  the  air,  are  also  read  off.     A 

quantity  of  pure  hydrogen  gas  is  now  added,  more  than  sufficient  to  unite 

with  all  tb.e  oxygen  present  (about  half  the  volume  of  the  air);  and  the 

volume  of  the  gas  and  the  pressure  exerted  upon  it,  are  determined  as 

before.     An  electric  spark  is  now  passed  through  the  mixture,  care  being 

taken  to  prevent  any  escape,  by  pressing  the  open  end  of  the  eudiometer 

against  a  piece  of  sheet  caoutchouc  under  the  mercury  in  the  trough. 

After  the  explosion,  the  volume  is  again  determined,  and  is  found  to  be 

less  than  that  before  the  explosion.     The  volume  of  gas  read  off  must  in 

each  case  be  reduced  to  standard  pressure  and  temperature  by  the  method 

already  given  (p.  49). 

Now,  since  the  hydrogen  is  in  excess,  and  2  volumes  of  that  gas  unite 
with  1  volume  of  oxygen  to  form  water,  one-third  of  the  diminution  must 
be  the  volume  of  the  oxygen  contained  in  the  air  introduced.  An  example 
will  render  this  clear  :~^ 

Air  introduced        •        •        •        •        .    100  measures. 

Air  and  hydrogen  .        •        .        •        .160 
Yolome  after  explosion  •        •        .        .      97 

Diminution 63 

63 

-— =  21  ^  oxygen  in  the  100  measures. 

o 


Compounds  of  Nitrogen  and  Oxygen. 

There  are  five  distinct  oomi>oands  of  nitrogen  and  oxygen,  thus  named 
and  constituted : — 

CJompoBitioD. 

t  •  ^ —         ■    ■> 

Byweieht.  By  volnine. 

Fomiula.    Nitrogen.    Oxygen.    Nitrogen.    Oxygen. 

Monoxide Kfl  28  16  2  1 

Dioxide NjOjOrNO  28  32  2  2 

Trioxide,  or  Nitrous  oxide  NjO,  28  48  2  3 

Tetroxide NjO^orNO,  28  64  2  4 

Pentoxide,  or  Nitric  oxide  N^O^  28  80  2  5 

A  comparison  of  these  numbers  will  show  that  the  quantities  of  oxygen 
which  unite  with  a  given  quantity  of  nitrogen  are  to  one  another  in  the 
ratio  of  the  numbers  1,  2,  3,  4,  5. 

The  f  rst,  third,  and  fifth  of  the  compounds  in  the  table  are  capable  of 
taking  up  the  elements  of  water  and  of  metallic  oxides  to  form  salts  (p. 
125),  called  respectively  hyponitrites,  nitrites,  and  nitrates,  the 
hydrogen  salts  being  also  called  hyponitrous,  nitrous,  and  nitric 
acid. 

The  composition  of  these  acids  and  of  their  i>otassium  salts  is  repre- 
sented by  the  following  formula  :— 
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Hydrogen  hyponitrite,  or  Hyponitrous  acid    H,O.NjO  or  HNO 
Potassium  hyponitrite        ....    K^.N^O  or  KNO 

Hydrogen  nitrite,  or  Nitrous  acid        .        .     H.P.N2O3  or  HNO, 
Potassium  nitrite KjO.N^O^  or  KNO, 

Hydrogen  nitrate,  or  Nitric  acid  .         .         •     H^O.NjOg  or  HNO, 
Potassium  nitrate KjO.NjO^  or  KNO, 

The  dioxide  and  tetroxide  of  nitrogen  do  not  form  salts. 

It  will  be  convenient  to  commence  the  description  of  these  compounds 
with  the  last  on  the  list,  viz.,  the  pentoxide,  as  its  salts,  the  nitrates,  are 
the  sources  from  which  all  the  other  compounds  in  the  series  are  obtained. 

Nitrogen  Pentozlde,  or  Nitric  Ozide,  N3O5  (also  called  Anhydrous 
Nitric  Acidy  or  Nitric  Aniiydride) , — This  compound  was  discovered  in  1849 
by  Deville,  who  obtained  it  by  exposing  silver  nitrate  to  the  action  of 
chlorine  gas.  Chlorine  and  silver  then  combine,  forming  silver  chloride, 
which  remains  in  the  apparatus,  while  oxygen  and  nitrogen  pentoxide 
separate : 

Ag,0 .  N,Oj  +  CI,  =  2AgCl  +  0  +  NA- 

It  may  also  be  prepared  by  slowly  distilling  pure  and  highly  concentrated 
nitric  acid  at  a  blood-heat  with  phosphoric  oxide,  a  substance  which  has 
a  very  powerful  attraction  for  water.  The  distillate  consists  of  two  layers 
of  liquid,  the  upper  of  which  is  nitrogen  pentoxide  mixed  with  nitrous 
and  nitric  acids  ;  and  on  separating  this  upper  layer,  and  cooling  it  with 
ice  or  a  freezing  mixture,  the  pentoxide  separates  in  crystals. 

Nitrogen  pentoxide  is  a  colorless  substance,  crystallizing  in  six-sided 
prisma,  which  melt  at  30O  C.  (86O  F.),  and  boil  between  45©  and  5(P 
C.  (II3O-I220  F.),  when  they  begin  to  decompose.  Its  specific  gravity  in 
the  solid  state  is  above  1.64;  in  the  liquid  state  below  1.636.  Nitrogen 
pentoxide  sometimes  explodes  spontaneously.  It  dissolves  in  water  with 
great  rise  of  temperature,  forming  hydrogen  nitrate  or  nitric  acid.  It 
also  unites  with  a  smaller  proportion  of  water,  forming  the  hemihydrate 
2N,05.H20,  which  constitutes  the  chief  part  of  the  lower  layer  of  the  dis- 
tillate obtained  In  the  manner  just  described.  It  is  liquid  at  ordinary 
temperatures,  but  crystallizes  in  a  freezing  mixture. 

NiTBATES — Nitric  Acid. — In  certain  parts  of  India,  and  in  other  hot  dry 
climates  where  rain  is  rare,  the  surface  of  the  soil  is  occasionally  covered 
by  a  saline  efflorescence,  like  that  sometimes  apparent  on  newly  plastered 
walls ;  this  substance  collected,  dissolved  in  hot  water,  and  crystallized 
from  the  filtered  solution,  furnishes  the  highly  important  salt  known  in 
commerce  as  nitre  or  saltpetre,  and  consisting  of  potassium  nitrate.  To 
obtain  nitric  acid,  equal  weights  of  powdered  nitre  and  strong  sulphuric 
acid  are  introduced  into  a  glass  retort,  and  heat  is  applied  by  means  of  a 
gas-lamp  or  charcoal  chaufTor.  A  flask,  cooled  by  a  wet  cloth,  is  adapted 
to  the  retort  to  serve  for  a  receiver.     No  luting  of  any  kind  must  be  used. 

As  the  distillation  advances,  the  red  fumes  which  first  arise  disappear, 
but  towards  the  end  of  the  process  they  again  booorae  manifest.  When 
this  happens,  and  very  little  liquid  passes  over,  while  the  greater  part  of 
the  saline  matter  of  the  retort  is  in  a  state  of  tranquil  fusion,  the  opera- 
tion may  be  stopped ;  and  when  the  retort  is  quite  cold,  water  may  be 
introduced  to  dissolve  out  the  saline  residue.  The  reaction  consists  in  an 
interchange  between  the  potassium  of  the  nitre  and  lialf  the  hydrogen  of 
the  sulphuric  acid  (hydro-en  sulphate),  whereby  there  are  formed  hydro- 


NITROGEN.  '  153 

gen  nitrate  wliicli  distils  over,  and  hydrogen  and  potassium  sulphate  which 
remains  in  the  retort. 

KNO3         4-  HjSO^         =  HNO,        +         IIKSO^ 

Potassium  Hyarogen  Hydrogen  Hydrogen  and 

nitrate.  sulphate.  nitrate.  potassium  sulphate. 

In  the  mannfactnre  of  nitric  acid  on  the  large  scale,  the  glass  retort  is 
replaced  bj  a  cast-iron  cylinder,  and  the  receiver  by  a  series  of  earthen 
condensing  vessels  connected  by  tubes.  Sodium  nitrate,  found  native  in 
Peru,  is  now  generally  substituted  for  potassium  nitrate. 

Nitric  acid  thus  obtained  has  a  specilio  gravity  of  from  1.5  to  1.52 ;  it 
has  a  golden-yellow  color,  due  to  nitrogen  trioxide,  or  tetroxide,  which  is 
held  in  solution,  and,  when  the  acid  is  diluted  with  water,  gives  rise  by 
its  decomposition  to  a  disengagement  of  nitrogen  dioxide.  Nitric  acid  is 
exceedingly  corrosive,  staining  the  skin  deep  yellow,  and  causing  total 
disorganization.  Poured  upon  red-hot  powdered  charcoal,  it  causes  bril- 
liant combustion ;  and  when  added  to  warm  oil  of  turpentine,  acts  upon 
that  substance  so  energetically  as  to  set  it  on  fire. 

Pure  nitric  acid,  in  its  most  concentrated  form,  is  obtained  by  mixing 
the  above  with  about  an  equal  quantity  of  strong  sulphuric  acid,  redistil- 
ling, collecting  apart  the  first  portion  which  comes  over,  and  exposing  it, 
in  a  y<»sel  slightly  warmed  and  sheltered  from  the  light,  to  a  current  of 
dry  air  made  to  bubble  through  it,  which  completely  removes  the  nitrous 
acid.  In  this  state  the  product  is  as  colorless  as  water  ;  it  has  the  sp.  gr. 
1.517  at  15.50  c.  (6OO  F.),  boUs  at  84.50  (184P  p.),  and  consists  of  54 
parts  nitrogen  pentoxide  and  9  parts  water.  Although  nitric  acid  in  a 
more  dilute  form  acts  very  violently  upon  many  metals,  and  upon  organic 
substances  generally,  this  is  not  the  case  with  the  most  concentrated  acid  ; 
even  at  a  boiling  heat,  it  refuses  to  attack  iron  or  tin  ;  and  its  mode  of 
action  on  lignin,  starch,  and  similar  substances,  is  quite  peculiar,  and  very 
much  less  energetic  than  that  of  an  acid  containing  more  water. 

On  boiling  nitric  acid  of  different  degrees  of  concentration,  at  the  ordinary 
atmospheric  pressure,  a  residue  is  left,  boiling  at  120.50  C.  (248. 90  p.) 
and  29  inches  barometer,  and  having  the  sp.  gr.  1.414  at  15. 50  C.  This 
acid  was  formerly  supposed  to  be  a  definite  compound  of  nitric  acid  with 
water ;  but  Koscoe  has  recently  proved  this  assumption  to  be  incorrect, 
the  composition  of  the  acid  varying  according  to  the  pressure  under  which 
the  liquid  boils. 

The  nitrates  form  a  very  extensive  and  important  group  of  salts,  which 
are  remarkable  for  being  all  soluble  in  water.  Hydrogen  nitrate  is  of  great 
use  in  the  laboratory,  and  in  many  branches  of  industry. 

The  acid  prepared  in  the  way  described  is  apt  to  contain  traces  of  chlo- 
rine from  common  salt  in  the  nitre,  and  sometimes  of  sulphate  from  acei- 
dental  splashing  of  the  pasty  mass  in  the  retort.  To  discover  these  impu- 
rities, a  portion  is  diluted  with  four  or  five  times  its  bulk  of  distilled  water, 
and  divided  between  two  glasses.  Solution  of  silver  nitrate  is  dropped  into 
the  one,  and  solution  of  barium  nitrate  into  the  other  ;  if  no  change  ensue 
in  either  case,  the  acid  is  free  from  the  impurities  mentioned. 

Nitric  acid  has  been  formed  in  small  quantity,  by  passing  a  series  of 
electric  sparks  through  a  portion  of  air  in  contact  with  water  or  an  alkaline 
solution.  The  amount  of  acid  so  formed  after  many  hours  is  very  minute  ; 
still  it  is  not  impossible  that  powerful  discharges  of  atmospheric  electricity 
may  sometimes  occasion  a  trifling  production  of  nitric  acid  in  the  air.  A 
very  minute  quantity  of  nitric  acid  is  produced  by  the  combustion  of  hy- 
drogen and  other  substances  in  the  atmosphere ;  it  is  also  formed  by  the 
oxidation  of  ammonia. 

Nitric  acid  is  not  so  easily  detected  in  solution  in  small  quantities  as  many 
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other  acids.  Owing  to  tlio  solubility  of  all  its  compounds,  no  precipitant 
can  be  found  for  tliis  acid.  A  good  mode  of  testing  it  is  based  upon  its 
power  of  bleaching  a  solution  of  indigo  in  sulphuric  acid  when  boiled 
with  that  liquid.  The  absence  of  chlorine  must  be  insured  in  this  experi- 
ment by  means  which  will  hereafter  be  described  ;  otherwise  the  result  is 
equivocal. 

The  best  method  for  the  detection  of  nitric  acid  is  the  following  :  The 
substance  to  be  examined  is  boiled  with  a  small  quantity  of  water,  and 
the  solution  cautiously  mixed  with  an  equal  volume  of  concentrated  sul- 
phuric acid ;  the  liquid  is  then  allowed  to  cool,  and  a  strong  solution  of 
ferrous  sulphate  carefully  poured  upon  it,  so  as  to  form  a  separate  layt^r. 
If  large  quantities  of  nitric  acid  are  present,  the  surface  of  contact  first, 
and  then  the  whole  of  the  liquid,  becomes  black.  If  but  small  quantities 
of  nitric  acid  are  present,  the  liquid  becomes  reddish-brown  or  purple.  The 
ferrous  sulphate  reduces  the  nitric  acid  to  nitrogen  dioxide,  wliich,  dis- 
solving in  the  solution  of  ferrous  sulphate,  imparts  to  it  a  dark  color. 

Nitrogen  Monoxide,  N^O  (sometimes  called  Nitrous  Oxide;  also 
Laughintj  Gas), — When  solid  ammonium  nitrate  is  heated  in  a  retort  or 

flask*  (fig.  106),  furnished  with  a  perforated  cork 
Fig.  101.  and  bent  tube,  it  is  resolved  into  water  and  nitro- 

gen monoxide,  NH^NOj  = 'iH^O -|-  N^O. 

No  particular  precaution  is  required  in  the 
operation,  save  due  regulation  of  the  heat,  and 
the  avoidance  of  tumultuous  disengagement  of 
the  gas. 

Nitrogen  monoxide  Is  a  colorless,  transparent, 
and  almost  inodorous  gas,  of  distinctly  sweet  taste. 
Its  specific  gravity  is  1.525  ;  a  litre  of  it  weiglis 
1.97172  gram;  100  cubic  inches  weigh  47.29 
grains.  It  supports  the  combustion  of  a  taper  or 
a  piece  of  phosphorus  with  almost  as  much  energy 
as  pure  oxygen :  it  is  easily  distinguished,  how- 
ever, from  that  gas  by  its  solubility  in  cold  water, 
which  dissolves  nearly  its  own  volume :  hence  it 
is  necessary  to  use  tepid  water  in  the  pneumatic 
trough  or  gas-holder,  otherwise  gpreat  loss  of  gas 
will  ensue. 

Gaseous  nitrogen  monoxide  mixed  with  an  equal 
volume  of  hydrogen,  and  fired  by  the  electric  spark 
in  the  eudiometre,  explodes  with  violence,  and  lilwrates  its  own  measure 
of  nitrogen.  Every  two  volumes  of  tlie  gas  must  consequently  contain 
two  volumes  of  nitrogen  and  one  volume  of  oxygen,  the  whole  condensed 
or  contracted  one-third — a  constitution  resembling  that  of  vapor  of  wat<»r. 
The  most  remarkable  property  of  this  gas  is  its  intoxicating  power  upon 
the  animal  system.  If  quite  i)ure,  or  merely  mixed  with  atmospheric  air, 
it  may  be  respired  for  a  short  time  without  danger  or  inconvenience.  The 
effect  is  very  transient,  and  is  not  followed  by  depression.  The  gas  is  now 
much  used  as  an  anaesthetic  in  dental  surgery. 

Nitrogen  monoxide  has  been  liquefied,  but  with  difficulty ;  It  requires, 
at  7.20  C.  (450  F.),  a  pressure  of  50  atmospheres :   the  liquid  monoxide 

*  Florence  oil-flasks,  which  maj  be  purohn8e<1  at  a  ver\'  triflinp:  sum,  constitute 
exceedinprly  useful  vessels  for  chemical  purposes,  aud  often  supersede  retorts  or 
other  expensive  apparatus.  They  are  rendered  still  more  valuable  by  cutting  the 
neck  smoothly  round  with  a  hot  iron,  softenlnfr  it  in  the  flame  of  a  jrood  An^nnd 

Bas-lamp,  or  fiunsen  burner,  and  then  turnine  over  the  edire  so  as  to  form  a  lip  or 
order.    The  neck  will  then  bear  a  tls^htly-flttlng  oork  without  risk  of  spUttlog. 
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has  a  specific  gravity  of  0.9004 ;  it  is  not  miscible  with  water.     Faraday 
soUdifled  it  by  exposing  it  in  a  sealed  tube  to  tlie  cold  produced  by  a  mix- 
ture of  solid  carbonic  acid  and  ether,  but  he  supposed  that  it  could  not  be 
solidified  by  the  cold  produced  by  its  own  evaporation.     This,  however, 
majr  be  cfiected  if  the  evaporation  be  accelerated  by  a  strong  current  of 
air.    A  very  fine  steel  tube  is  directed  into  the  axis  of  a  thin  brass  cone, 
having  a  small  opening,  about  the  eighth  of  an  inch,  at  its  apex.     On 
causing  a  stream  of  the  liquid  to  issue  from  the  jet,  it  is  retained  in  the 
cone  for  a  moment,  and  then  forcibly  blown  out  at  the  apex,  together  with 
a  strong  stream  of  air.     The  solid  is  in  this  way  formed  in  some  quantity, 
and  may  Ix^  collected  in  a  dish  lined  with  filter-paper,  or  other  suitable 
Tcsael.    Solid  nitrogen  monoxide  is  more  compact  in  appearance  than  solid 
carbonic  acid,  and,  unlike  the  latter,  it  melts  and  boils,  if  gently  warmed, 
before  passing  into  the  gaseous  state  :  hence,  if  placed  in  contact  with  the 
Bkin,  it  produces  a  painful  blister,  like  a  burn.     The  melting  or  freezing 
point  of  the  monoxide  is  — 120^  F.  or  — 990  C.,  and  its  boiling  point 
— 109^  F.  or  — 92^  C.     It  is  the  proximity  of  the  boiling  and  freezing 
points  which  renders  it  possible  to  freeze  the  liquid  by  simply  blowing  air 
through  it.* 

Htpoxitrocs  Acid,  NjO.H^O,  or  HNO. — ^When  a  solution  of  sodium 
nitrate,  NaNO,,  or  ammonium  nitrate,  NH4.NOS,  is  treated  with  sodium 
amalgam  (a  compound  of  sodium  and  mercury),  the  nitrate  gives  up  2 
atoms  of  oxygen  to  the  sodium,  and  is  reduced  to  hyponitrite,  NaNO.  On 
neutralizing  the  excess  of  alkali  in  the  liquid,  by  adding  acetic  acid  till 
the  solution  no  longer  gives  a  brown  or  black  precipitate  (of  silver  oxide) 
with  silver  nitrate,  a  solution  of  sodium  hyiK>nitrite  is  obtained,  which  is 
alkaline  to  test-paper,  and  gives  with  silver  nitrate  a  yellow  precipitate 
of  silver  hyponitrite,  AgNO.  When  the  original  alkaline  liquid  is  acidi- 
fi*^  with  acetic  acid,  and  heated,  the  hyponitrous  acid  is  resolved  into 
water  and  nitrogen  monoxide,  which  escapes  as  gas,  2HN0=sH,0+  NjO.f 

Nitrogen  Dlozide,  N^Oj  or  NO  (sometimes  called  Nitric  Oxide), — 
Clippings  or  turnings  of  copper  are  put  into  the  apparatus  employed  for 
preparing  hydrogen  (p.  130),  together  with  a  little  water,  and  nitric  acid 
is  added  by  the  funnel  until  brisk  effervescence  is  excited.  The  gas  may 
be  collected  over  cold  water,  as  it  is  not  si-nsibly  soluble. 

The  reaction  is  a  simple  deoxidation  of  some  of  the  nitric  acid  by  the 
copper :  the  metal  is  oxidized,  and  the  oxide  so  formed  is  dissolved  by 
another  portion  of  the  acid,  forming  copper  nitrate.  Nitric  acid  is  very 
prone  to  act  thus  upon  certain  metals  : — 

8HN0,    +    Cu,    =    N2O,    +     3Cu(N03)3    +     4H,0. 
Nitric  acid.  Copper  nitrate. 

The  gas  obtained  in  this  manner  is  colorless  and  transparent :  in  con- 
tact with  air  or  oxygen  gas  it  produces  deep  red  fumes,  which  are  readily 
absorbed  by  water :  this  character  is  sufficient  to  distinguish  it  from  all 
other  gaseous  bodies.  A  lighted  taper  plunged  into  the  gas  is  extin- 
guished ;  lighted  phosphorus,  however,  burns  in  it  with  great  brilliancy. 

The  specific  gravity  of  nitrogen  dioxide  is  1.039  ;  a  litre  weighs  1.34343 
grams.  It  contains  equal  measures  of  oxygen  and  nitrogen  gases  united 
without  condensation.  When  this  gas  is  passed  into  the  solution  of  a 
ferrous  salt,  it  is  absorbed  in  large  quantity,  and  a  deep  brown,  or  nearly 

»  Wills,  Ohem.  Soc.  Journ.  1874,  p.  21. 

t  Dlvorj!,  Proceedings  of  the  Koyal  Society,  xlx.  425;  Chem.  Soc.  Journ., 
1871,  p.  481. 
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black  liquid  produced,  which  seems  to  be  a  definite  compound  of  the  two 
substances  (p.  154).     The  compound  is  decomposed  by  boiling. 

Nitrogen  Triozide,  or  Nitroos  Oxide,  N^O,. — When  four  measures 
of  nitrogen  dioxide  are  mixed  with  one  measure  of  oxygen,  and  the  gases, 
perfectly  dry,  are  exposed  to  a  temperature  of  — 18<^,  they  condense  to  a 
thin  mobile  blue  liquid,  which  emits  orange-red  vapors. 

Nitrogen  trioxide,  sufficiently  pure  for  most  purposes,  is  obtained  by- 
pouring  concentrated  nitric  acid  on  lumps  of  arseniouB  acid,  and  gently 
warming  the  mixture,  in  order  to  start  the  reaction.  The  trioxide  is  then 
evolved  as  an  orange-red  gas,  arsenic  acid  remaining  behind. 

Nitrogen  trioxide  is  decomposed  by  water,  being  converted  into  nitrio 
acid  and  nitrogen  dioxide:  'd^fi^  +  H.,0  =  2HKO5  -f  2N,0,.  For  this 
reason  it  cannot  be  made  to  unite  directly  with  metallic  oxides  ;  x>otas8ium 
nitrite  may,  however,  be  prepared  by  fusing  potassium  nitrate,  whereby 
part  of  its  oxygen  is  driven  off ;  and  many  other  salts  of  nitrous  acid  may 
be  obtained  by  indirect  means.  Thus  a  solution  of  potassium  or  sodium 
nitrite  may  be  prepared  by  passing  the  vapor  of  nitrogen  trioxide,  obtained 
as  above  by  heating  nitric  acid  with  arsenious  acid  (or  with  starch),  into 
a  solution  of  caustic  potash  or  soda. 

Nitrogen  Tetroadde,  N^O^  or  NO,,  also  called  Nitric  Peroxide. — ^This  is 
the  principal  constituent  of  the  deep  red  fumes  always  produced  when 
nitrogen  dioxide  escapes  into  the  air. 

It  may  be  obtained  in  the  pure  state  : — 1.  By  exposing  a  mixture  of  2 
vols,  nitrogen  dioxide  and  1  vol.  oxygen  incorporated  by  passing  through 
a  tube  filled  with  broken  porcelain,  and  thoroughly  dried  by  transmission 
over  pumice  soaked  in  oil  of  vitriol  and  then  over  recently  fused  stick 
potash,  to  the  action  of  a  freezing  mixture  of  salt  and  ice :  the  tetroxide 
condenses  in  transparent  crystals,  or  if  the  slightest  trace  of  moisture  is 
present,  into  an  almost  colorless  liquid.  2.  By  the  direct  combination  of 
oxygen  with  the  trioxide,  as  when  a  stream  of  oxygen  is  passed  into  the 
mixture  of  the  trioxide  and  other  oxides  of  nitrogen  evolved  by  the  action 
of  fuming  nitric  acid  on  arsenious  acid.  The  liquid  tetroxide  thus  ob- 
tained is  pure  enough  for  most  purposes  after  one  distillation.  3.  By 
heating  thoroughly  dried  lead  nitrate  in  a  retort,  whereby  a  mixture  of 
tetroxide  and  oxygen  is  evolved,  the  former  of  which  may  be  condensed  as 
above,  while  the  latter  passes  on  : — 

(NOj)a  Pb  =  PbO  +  04-  N A- 

The  first  portions  of  nitrogen  tetroxide  thus  obtained  do  not  solidify,  doubt- 
less owing  to  the  presence  of  a  trace  of  moisture,  but  if  the  receiver  be 
changed  in  the  midst  of  the  operation,  and  if  every  care  has  been  taken 
to  avoid  moisture,  the  later  portions  may  be  obtained  in  the  crystallina 
form. 

Ni Imogen  tetroxide  at  very  low  temperatures  forms  transparent,  oolorless, 
prismatic  crystals  which  melt  at  — 90  F.,  but  when  once  melted  do  not 
resolidify  till  cooled  down  to  —  30O.  Above  —  9°  it  forms  a  mobile  liquid 
of  specific  gravity  1.451,  the  appearance  of  which  varies  greatly  according 
to  the  temperature.  When  still  liquid  below  —  90,  it  is  almost  colorless  ; 
at  — 90  it  has  a  perceptible  greenish-yellow  tint ;  at  (P  the  color  is  some- 
what more  marked  ;  at  ICP  it  is  decidedly  yellow ;  and  at  150  and  upwards, 
orange-yellow,  the  depth  of  color  increa^sing  progressively  with  the  tem- 
perature up  to  220,  the  boiling  point  of  the  liquid.  The  vapor  has  a  brown- 
red  color,  the  depth  of  which  also  increasi>s  with  the  temperature,  until  at 
4(P  it  is  so  dark  as  to  be  almost  opaque.     This  remarkable  change  of  color 
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is  aooompanied  by  a  great  diminution  of  density  as  the  telnperatare  rises, 
both  phenomena  pointing  to  a  molecular  change  produced  in  the  vapor  by 
beat.  Messrs.  PI  ay  fair  andWauklyn  have  determined  the  density 
of  the  vapor  by  Dumas'  method,  using  nitrogen  as  a  diluent  (p.  68),  and 
find  that  the  densities  at  different  temperatures  are  as  follows  : — 

Temperature.  Yapor-density. 

97.50 1.783 

24.5 2.520 

11.3 2.645 

4.2 2.588 

Its  vapor  is  absorbed  by  strong  nitric  acid,  which  thereby  acquires  a  yel- 
low or  red  tint,  passing  into  green,  then  into  blue,  and  afterwards  disap- 
pearing altogether  on  the  addition  of  successive  portions  of  water.  The 
deep  red  fuming  acid  of  commerce,  called  nitrous  acid,  is  simply  nitric  acid 
impregnated  with  nitrogen  tetroxide. 

Nitrogen  tetroxide  is  decomposed  by  water  at  very  low  temperatures  in 
8uch  a  manner  as  to  yield  nitric  and  nitrous  acids,  N,04  4-  HjO  ^  HNO,  -f- 
HNO,;  but  when  added  to  excess  of  water  at  ordinary  temperatures  it 
yields  nitric  acid,  and  the  products  of  decomposition  of  nitrous  acid, 
namely,  nitric  acid  and  nitrogen  dioxide.  In  like  manner,  when  passed 
into  alkaline  solutions,  it  forms  a  nitrate  and  a  nitrite  of  the  alkali-metal ; 
bat  it  has  been  also  supposed  to  unite  directly,  under  certain  circum- 
stances, with  metallic  oxides — ^lead  oxide,  for  example — forming  definite 
cryEtalline  salts,  and  has  hence  been  called  hyponitric  acid;  but  it  is  most 
probable  that  these  salts  are  compounds  of  nitrates  and  nitrites :  e,g,, 

2(PbO.NA)    a    PbCNOj).    -f     Pb(NOg), 
licad  hyponitrate.      Lead  nitrate.       Lead  nitrite. 

Nitrogen  appears  to  combine,  under  favorable  circumstances,  with  metals. 
When  iron  is  heated  to  redness  in  an  atmosphere  of  ammonia,  it  becomes 
brittle  and  crystalline,  and  shows  an  increase  in  weight,  said  to  vary  from 
6  to  12  per  cent. ;  while,  according  to  other  observers,  the  physical  cha- 
racters of  the  metal  are  changed  without  sensible  alteration  of  weight. 
By  heating  copper  in  ammonia,  no  compound  of  nitrogen  with  copper  is 
produced ;  but  when  ammonia  is  passed  over  copper  oxide  heated  to  30(P, 
water  is  formed,  and  a  soft  brown  powder  produced,  which,  when  heated 
farther,  evolves  nitrogen,  and  leaves  metallic  copper.  The  same  effect  is 
produced  by  the  contact  of  strong  acids.  A  similar  compound  of  chromium 
with  nitrogen  appears  to  exist. 

NITROGEN  AVn  HTDROOEF ;    AKMQfflA,    NH,. 

When  powdered  sal-ammoniac  is  mixed  with  moist  calcium  hydrate 
(slaked  lime),  and  gently  heated  in  a  glass  flask,  a  large  quantity  of 
gaseous  matter  is  disengaged,  which  must  be  collected  over  mercury,  or  by 
displacement,  advantage  being  taken  of  its  low  specific  gravity. 

Ammonia  gas  thus  obtained  is  colorless  ;  it  has  a  strong  pungent  odor, 
and  possesses  in  an  eminent  degree  those  properties  to  which  the  term 
alkaline  is  applied  ;  that  is  to  say,  it  turns  the  yellow  color  of  turmeric  to 
brown,  that  of  reddened  litmus  to  blue,  and  combines  readily  with  acids, 
nentrali2ing  them  completely ;  by  these  reactions  it  is  easily  distinguished 
from  all  other  bodies  i)ORsessing  the  same  physical  characters.  Under  a 
pressure  of  6.5  atmospheres  at  15. 50  C.  (68O  p.),  ammonia  condenses  to 
the  liquid  form.  Water  dissolves  about  700  times  its  volume  of  this  gas, 
forming  a  solution  which,  in  a  more  dilute  state,  has  long  been  known 
14 


158  NITBOQEN. 

under  the  name»of  liquor  ammonice;  bj  heat  a  great  part  is  again  ezx>elled. 
The  solution  is  decomposed  by  chlorine,  sal-ammoniac  being  formed,  and 
nitrogen  set  free. 

Ammonia  has  a  density  of  0.589  ;  a  litre  weighs  0.76271  gram.  It  can 
not  be  formed  by  the  direct  union  of  its  elements,  although  it  is  sometimes 
produced  under  rather  remarkable  circumstances  by  thedeoxidation  of  nitric 
acid.*  The  great  sources  of  ammonia  are  the  feebly  compounded  azotized 
principles  of  the  animal  and  vegetable  kingdoms,  which,  when  left  to 
putrefactive  change,  or  subjected  to  destructive  distillation,  almost  invari- 
ably give  rise  to  an  abundant  production  of  this  substance. 

The  analysis  of  ammonia  gas  is  easily  effected.  When  a  portion  is  con- 
fined in  a  graduated  tube  over  mercury,  and  electric  sparks  are  passed 
through  it  for  a  considerable  time,  the  volume  of  the  gas  gradually  in- 
creases until  it  becomes  doubled.  On  examination,  the  tube  is  found  to 
contain  a  mixture  of  3  measures  of  hydrogen  gas  and  1  measure  of  nitro- 
gen. Every  two  volumes  of  the  ammonia,  therefore,  contained  three  vol- 
umes of  hydrogen  and  one  of  nitrogen,  the  whole  being  condensed  to  one- 
half.  The  weight  of  the  two  constituents  is  in  the  proportion  of  3  parts 
hydrogen  to  14  parts  nitrogen. 

Ammonia  may  also  be  decomposed  into  its  elements  by  transmission 
through  a  red-hot  tube. 

Solution  of  ammonia  is  a  very  valuable  reagent,  and  is  employed  in  a 
great  number  of  cliemical  operations,  for  some  of  which  it  is  necessary  to 
have  it  perfectly  pure.     The  best  mode  of  preparation  is  the  following  : — 

Equal  weights  of  sal-ammoniac  (NU^Cl),  and  quicklime  (CaO),  are 
taken ;  the  lime  is  slaked  in  a  covered  basin,  and  the  salt  reduced  to 
powder.  These  are  mixed  and  introduced  into  a  large  flask  connected  with 
a  wjish-bottle  and  a  receiver  containing  water,  in  the  manner  which  will 
be  described  in  connection  with  hydrochloric  acid  (fig.  122).  A  little 
water  is  added  to  the  mixture,  just  enough  to  dampen  it  and  cause  it  to 
aggregate  into  lumps.  On  cautiously  applying  heat  to  the  flask,  ammonia 
is  disengaged  very  regularly  and  uniformly,  and  condenses  in  the  water 
of  the  receiver.  Calcium  chloride  (CaClj),  with  excess  of  calcium  hydrate 
(slaked  liiue),  remains  in  the  flask. 

The  decomposition  of  the  salt  is  represented  by  the  equation  : — 

2NH^C1  +  CaO  =  2NHj  +•  CaCl,  +  H.p. 

Solution  of  ammonia  should  be  perfectly  colorless,  leave  no  residue  on 
evaporation,  and  when  supersaturated  by  nitric  acid,  give  no  cloud  or 
muddiness  with  silver  nitrate.  Its  density  diminishes  with  its  strength, 
that  of  the  most  concentrated  being  about  0.875.  The  value  in  alkali  of 
any  sample  of  liquor  ammoniae  is  most  safely  inferred,  not  from  a  knowl- 
edge of  its  density,  but  from  the  quantity  of  acid  a  given  amount  will 
saturate.  The  mode  of  conducting  this  experiment  will  be  described  under 
Alkalimetry. 

When  solution  of  ammonia  is  mixed  with  acids  of  various  kinds,  salts 
are  generated,  which  resemble  in  the  most  complete  manner  the  corre- 
sponding potassium  and  sodium  compounds :  they  are  best  discussed  in 
connection  with  the  latter.  The  ammonia  salts  may  be  regarded  either  as 
direct  compounds  of  ammonia,  NH,,  with  acids  (HCl,  for  example),  or  as 
resulting  from  the  replacement  of  the  hydrogen  of  an  acid  by  the  group 
NH^,  called  ammonium^  which  in  this  sense  is  a  compound  metal,  chemically 
equivalent  to  potassium,  sodium,  silver,  etc.     Thus  : — 

•  A  mode  of  convertlnj?  the  nitrogen  of  the  atmosphere  Into  ammonia,  bv  a 
Buccesflion  oT  chomicnl  operations,  will  be  noticed  in  connection  with  Cyanogen, 
under  Organic  Chemistry. 
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Ammonia  liydrochloride  NH3.HCI    =   NH4.CI  Ammonium  chlorido. 
nitrate  NH3.HXO3   =    NU^.NOj         "  nitrate. 

sulphate    (NH),.HgS04   =    (NH^),.S04     "  Bulphate. 


(t 
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The  formulae  iu  the  second  column  arc  exactly  analogous  to  those  of  the 
potassium  salts,  KCl,  KNO3,  K^SO^. 

The  aqueous  solution  of  ammonia  may  be  supposed  to  contain  the 
hydrate  ofcunmonium  NU^.HO  ;  but  this  compound  is  not  known  in  the  solid 
state. 

Any  ammoniacal  salt  can  at  once  be  recognized  by  the  evolution  of  am- 
monia which  takes  place  when  it  is  heated  with  slaked  lime,  or  solution 
of  potash  or  soda. 

HTDBOXTLAMINE,  NH,0. 

This  compound,  intermediate  in  composition  between  ammonia  NHg,  and 
ammonium  hydrate  NH^.HO,  is  formed  by  the  direct  union  of  hydrogen 
with  nitrogen  dioxide  :  NO  -f-  Hj  =  NH3O,  and  may  be  prepared  by  passing 
nitrogen  dioxide  through  a  series  of  flasks  in  which  hydrogen  is  evolved 
by  heating  hydrochloric  acid  with  tin.  The  resulting  liquid  is  freed  from 
tin  by  hydrogen  sulphide  ;  the  filtered  liquid  evaporated  to  dryness  ;  the 
residue  washed  with  cold  alcohol,  and  digested  with  boiling  alcohol  ;  the 
alcoholic  solution  mixed  with  platinic  chloride  to  precipitate  sal-ammoniac, 
and  the  filtered  alcoholic  liquid  mixed  with  ether,  which  throws  down 
pure  hydrochloride  of  hydroxylamine. 

Hydroxylamine  is  also  formed  by  the  action  of  hydrogen  (evolved  as 
above)  on  nitric  acid  or  ethyl  nitrate  : 

NO,H  +  6H  =  2H,0  +  NII3O. 

Hydroxylamine  is  a  very  volatile  and  easily  decomposible  base,  and  can 
he  obtained  only  in  solution,  its  salts  are  decomi)osed  by  potash,  with 
evolution  of  nitrogen  and  formation  of  ammonia,  quickly  in  concentrated, 
gradually  in  dilute  solutions.  Solutions  of  hydroxylamine  may,  however, 
be  obtained  by  decomposing  the  ealts  in  other  ways,  an  alcoholic  solution, 
for  example,  by  decomposing  the  nitrate  dissolved  in  alcohol  with  alcoholic 
potash.  Alkaline  carbonates  also  separate  hydroxylamine,  with  evolution 
of  carbon  dioxide.  The  solutions  have  an  alkaline  reaction,  and  precipi- 
tate many  metallic  salts ;  with  the  salts  of  lead,  iron,  nickel,  and  zinc, 
and  with  chrome-alum  and  common  alum,  they  form  precipitates  insoluble 
in  excess  of  hydroxylamine.  With  aqueous  cupric  sulphate,  hydroxyla- 
mine forms  a  grass-green  precipitate,  which  when  boiUnl  with  water,  is 
reduced,  with  evolution  of  gas,  to  cuprous  oxide ;  an  ammoniacal  cupric 
solution  is  decolorized  by  it.  Mercuric  chloride  is  reduced  to  mercurous 
chloride,  and  if  the  hydroxylamine  is  in  excess,  to  metallic  mercury. 
Silver  solutions  yield  a  black  precipitate,  which  is  quickly  reduced,  with 
evolution  of  gas,  to  metallic  silver.  Hydroxylamine  also  redna^s  acid 
potassium  chromate.  In  many  of  these  reactions  the  hydroxylamine  ap- 
pears to  be  completely  decomposed,  with  formation  of  nitrogen  or  its  mon- 
oxide. 

The  salts  of  hydroxylamine  decompose  when  heated,  with  copious  and 
sudden  evolution  of  gas ;  most  of  them  easily  from  supersaturated  solu- 
tions ;  none  of  those  yet  examined  contain  water  of  crystallization.  The 
h^rochloride,  NH,O.HCl,  crystallizes  from  alcohol  in  long  spicular  crystals 
resembling  urea  ;  from  water  in  large  irregular  six-sided  tables  ;  it  melts 
at  lOGP,  and  then  decomposes,  with  violent  evolution  of  gas,  into  nitrogen, 
hydrochloric  acid,  watef,  and  sal-ammoniac.  The  nitrate^  NHgCHNOj, 
Bolidl^es  slowly  by  spontaneous  evaporation  to  a  radio-crystalline,  very 
deliquescent  mass,  easily  soluble  in  absolute  alcohol,  decomposing  at  100. 
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CARBON. 

Atomic  weight,  12.    Symbol,  O. 

This  substance  occurs  in  a  state  of  purity,  and  crystallized,  in  two  dis- 
tinct and  very  dissimilar  forms — namely,  as  diamond,  and  as  graphite  or 
plumbago.  It  constitutes  a  large  proportion  of  all  organic  structures, 
animal  and  vegetable  :  when  these  latter  are  exposed  to  destructive  distil- 
lation in  close  vessels,  a  great  part  of  their  carlx)n  remains,  obstinately 
retaining  some  of  the  hydrogen  and  oxygen,  and  associated  with  the  earthy 
and  alkaline  matter  of  the  tissue,  giving  rise  to  the  many  varieties  of  char- 
coal, coke,  etc.  This  residue,  when  perfectly  separated  from  foreign  mat- 
ter, constitutes  a  third  variety  of  carbon. 

The  diamond  is  one  of  the  most  remarkable  substances  known :  long 
prized  on  account  of  its  brilliancy  as  an  ornamental  gem,  the  discovery  of 
its  curious  chemical  nature  confers  upon  it  a  high  degree  of  scientific  interest. 
Several  localities  in  India,  the  Island  of  Borneo,  South  Africa,  and  Brazil, 
furnish  this  beautiful  substance.  It  is  always  distinctly  crystallized,  often 
quite  transparent  and  colorless,  but  now  and  then  liaving  a  shade  of  yel- 
low, pink,  or  blue.  The  origin  and  true  geological  position  of  the  diamond 
are  unknown ;  it  is  always  found  imbedded  in  gravel  and  transported 
materials  whose  history  cannot  be  traced.  The  crystalline  form  of  the 
diamond  is  that  of  the  regular  octohedron  or  cube,  or  some  figure  geometri- 
cally connected  with  these.  Many  of  the  octohedral  crystals  exhibit  a 
very  peculiar  appearance,  arising  from  the  faces  being  curved  or  rounded, 
which  gives  to  the  crystal  an  almost  spherical  figure. 

The  diamond  is  infusible  and  unalterable  even  by  a  very  intense  heat, 
provided  air  be  excluded  ;  but  when  heated,  thus  protected,  between  the 
poles  of  a  strong  galvanic  battery,  it  is  converted  into  coke  or  graphite ; 
heated  to  wliitcness  in  a  vessel  of  oxygen,  it  burns  with  facility,  yielding 
carbonic  acid  gas. 

Fig.  107. 


The  diamond  is  the  hardest  substance  known  :  it  admits  of  being  split 
or  cloven  without  difficulty  in  particular  directions,  but  can  only  be  cut  or 
abraded  by  a  second  portion  of  the  same  material ;  the  powder  rubbed  off 
in  this  process  serves  for  polishing  the  new  faces,  and  is  also  highly  useful 
to  the  lapidary  and  seal-engraver.  One  very  curious  and  useful  applica- 
tion of  the  diamond  is  made  by  the  glazier :  a  fragment  of  this  mineral, 
like  a  bit  of  flint,  or  any  other  hard  substance,  scratches  the  surface  of  the 
glass  ;  a  crystal  of  diamond,  having  the  rounded  octohedral  figure  spoken 
of,  held  in  one  particular  position  on  the  glass — namely,  with  an  edge 
formed  by  the  meeting  of  two  a<ijacent  faces  presented  to  the  surface — and 
then  drawn  along  with  gentle  pressure,  causes  a  split  or  cut,  which  pene- 
trates to  a  considerable  depth  into  the  glass,  and  determines  its  fracture 
with  perfect  certainty. 

Graphite  or  plumbago  appears  to  consist  essentially  of  pure  carbon, 
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although  most  specimens  contain  iron,  the  quantity  of  which  varies  from 
a  mere  trace  up  to  five  per  cent.  Graphite  is  a  somewhat  rare  mineral ; 
the  finest  and  most  valuable  for  pencils  was  formerly  obtained  from  Bor- 
rowdale,  in  Cumberland,  where  a  kind  of  irregular  vein  is  found  travers- 
ing the  ancient  slate  beds  of  that  district,  but  the  mine  is  now  nearly 
exhausted.  Large  quantities  of  graphite  are  imported  from  Germany,  the 
East  Indies,  and  the  United  States.*  Crystals  are  not  common :  when 
they  occur,  they  have  the  figure  of  a  short  six-sided  prism — a  form  bearing 
no  geometric  relation  to  that  of  the  diamond. 

Graphite  is  often  formed  artificially  in  certain  metallurgic  operations  : 
the  brilliant  scales  which  sometimes  separate  from  melted  cast-iron  on 
cooling,  called  by  the  workmen  "klsh,"  consist  of  graphite. 

Lamp-black,  the  soot  produced  by  the  imperfect  combustion  of  oil  or 
resin,  is  the  best  example  that  can  be  given  of  carbon  in  its  uncrystallized 
or  amorphous  state.  To  the  same  class  belong  the  diff'erent  kinds  of  char- 
coal. That  prepared  from  wood,  either  by  distillation  in  a  large  iron  re- 
tort, or  by  the  smothered  combustion  of  a  pile  of  fagots  partially  covered 
with  earth,  is  the  most  valuable  as  fuel.  Coke,  the  charcoal  of  pit-coal,  is 
much  more  impure ;  it  contains  a  large  quantity  of  earthy  matter,  and 
very  often  sulphur,  the  quality  depending  very  much  upon  the  mode  of 
preparation.  Charcoal  from  bones  and  animal  matters  in  general  is  a  yery 
valuable  substance,  on  account  of  the  extraordinary  power  it  possesses  of 
removing  coloring  matters  from  organic  solutions  ;  it  is  used  for  this  pur- 
pose by  the  sugar-refiner  to  a  very  great  extent,  and  also  by  the  manufac- 
turing and  scientific  chemist.  The  property  in  question  is  possessed  by  all 
kinds  of  charCoal  in  a  small  degree. 

Charcoal  made  from  box,  or  other  dense  wood,  has  the  property  of  con- 
densing gases  and  vapors  into  its  pores  ;  of  ammoniacal  gas  it  is  said  to 
absorb  not  less  than  ninety  times  its  volume,  while  of  hydrogen  it  takes 
up  less  than  twice  its  own  bulk,  the  quantity  being  apparently  connected 
with  the  property  in  the  gas  of  sufi'ering  liquefaction.  This  property  of 
absorbing  gases,  as  well  as  the  decolorizing  power,  no  doubt  depends  in 
some  way  upon  the  same  peculiar  action  of  surface  so  remarkable  in  the 
case  of  platinum  in  a  mixture  of  oxygen  and  hydrogen.  The  absorbing 
power  is.  Indeed,  considerably  increased  by  saturating  charcoal  with  solu- 
tion of  platinum,  and  subsequently  igniting  it,  so  as  to  coat  the  charcoal 
with  a  thin  film  of  platinum.  Dr.  Stenhouse,  who  suggested  this  plan, 
finds  that  the  gases  thus  absorbed  undergo  a  kind  of  oxidation  within  the 
pores  of  the  charcoal. 


Compounds  of  Carbon  and  Oxygen. 

There  arc  two  direct  inorganic  compounds  of  carbon  and  oxygen,  called 
carbon  monoxide  and  carbon  dioxide;  their  composition  may  be  thus 
stated : — 

♦  The  jrriiphite  which  can  be  dlrectlv  cut  for  penoilu  occurring  only  In  lirfiitrd 
qonntitv,  powder-d  urnphite,  obtained" from  the  inferior  vnrietiep  of  the  minernl, 
in  now  frequently  consolidated  for  this  piirpoae.  The  mechnniCHl  dIviMon  of  gra- 
phite presents  considerable  dlfflrultles,  which  mny  be  entirely  obvlnted  by  adopt- 
Irnr  A  chemical  process  sugpested  bv  Sir  Benjamin  Brodle,  applicable,  however, 
only  to  certain  varieties,  such  as  Ceylon  and  Siberian  graphite.  This  process 
consists  in  Introduclne  the  coarsely  powdered  graphite,  previously  mixed  with  ^  ^ 
of  !ta  weight  of  potassium  chlorate,  into  2  parts  of  concentrated  sulphuric  acid, 
which  Is  heated  In  a  water  bath  until  the  evolution  of  acid  fumes  ceases,  ine 
add  is  then  removed  by  water,  and  the  graphite  dried.  Thus  prepared,  this  suh- 
•f  ance.  when  heated  to  a  temperature  approaching  a  red  heat,  swells  up  to  a  bulky 
miuiof  Anely  divided  graphite. 

14* 


Catbon  Dloxldfl  or  Caiboolo  Anhydride — (comnionlj  called  Car- 
bonic Add),  is  always  produrjud  wlicn  charcoal  burns  in  air  or  oxvgen  gas; 
it  ia  must  convenieDtlj  obtained,  liowever,  hy  dpcnm posing  a  carbonate 
with  one  of  the  stronger  acids.  For  this  purpose  the  apparatus  for  gene- 
rating hydrogen  (p.  130),  may  again  bo  employed  ;  fragments  of  marble 
aru  put  into  the  bottlo  with  enough  wattr  to  cover  the  ektr^mity  of  the 
funnel-tube,  and  hydrochloric  nr  nitric  acid  is  added  by  the  latter,  nntil 
the  gas  ia  freely  dispngaged.  Chalk.powder  and  diluti>  sulphuric  acid  may 
be  used  instead.  Tiie  gas  may  be  collected  over  water,  although  with 
some  loss  ;  or  very  conveniently  by  displacement,  if  it  be  reqnired  dry,  aa 
shown  in  fig.  108.  The  long  dryfng-tubi;  is  filled  with  fragments  of  calcium 
chloride,  and  the  hi^avy  gas  is  conducted  to  the  bottom  of  the  vessel  in 
which  it  is  to  tie  received,  the  mouth  of  the  latter  being  lightly  closed.* 


I 
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Carbon  dioxide  is  a  colorless  gas  ;  it  has  an  agreeable  pungent  taste  and 
odor,  but  cannot  bo  rinpired  for  a  minute  without  insensibility  following. 
Its  Bpecific  gravity  is  1.524;  a  litre  weighs  I.SeSM  grams,  and  100  cubic 
inches  weigh  47. 2S  grains. 

This  gas  is  very  hurtful  to  animal  life,  even  whi'n  largely  diluted  with 
air  ;  it  acts  as  a  narcotic  poison  :  hence  the  danger  arising  from  imperfect 
ventilation,  the  use  of  fire-places  and  stoves  of  all  kinds  unprovided  with 

E roper  chimneys,  and  the  crowding  together  of  many  individuals  in 
ouses  and  ships  without  elGcieiit  means  for  renewing  the  air  :  tor  carbon 
dioxide  is  constantly  disengaged  during  the  process  of  respiration,  which, 
as  already  mentioned  (p.  124),  is  nothing  but  a  process  of  slow  combus- 
tion. This  gas  is  sometimes  emitted  in  large  quantity  from  the  earth  in 
volcanic  districts,  and  it.  \t,  constantly  generated  where  organic  matter  ia 
in  the  act  of  undergoing  fermentive  decomposition.  The  fatal  "after- 
damp" of  the  coal-mines  contains  a  large  profiortion  of  carbon  dioxide. 
A  lighted  taper  plunged  into  carbon  dioxide  is  instantly  extinguished 

■  In  coriDeotlnK  tuhe-uppnriiluii  for  coinreyini;  gutft  or  colli  Hnuldt,  not  eorro- 

very  aervlcCFible.    (}I>ibs  tubea  Hre  »ally  bent  In  the  flume  of  a  splrlt.lmiii',  or  a 
ItunivD  burner,  and,  when  aeceuarf,  cut  by  Hrstchlng  with  a  file  nDd  broken 
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even  to  the   recl-liot  8m:rl.    The  gas,  when  diluted  with  three  times  its 

volume  of  air,  atill  retains  the  power  of  extinguishing  a  light.    It  is  easily 

distinguished  from  nitrogen,  which  is  al^o  incapable  of  supporting  coni- 

hustion,  by  its  rapid  absorption  by  caustic  alkali,  or  by  lime-water ;  the 

turbidity  communicated  to  the  latter  from  the  production  of  insoluble 

calcium  carbonate  is  very  characteristic. 

Cold  water  dissolves  about  its  own  volume  of  carbon  dioxide,  whatever 
be  the  density  of  the  gas  with  which  it  is  in  contact  (oomp.  p.  146)  :  the 
solution  temporarily  reddens  litmus  paper.  In  common  soda-water,  and 
in  effervescent  wines,  examples  may  be  seen  of  the  solubility  of  the  gas. 
Even  boiling  water  absorbs  a  perceptible  quantity. 

Some  of  the  interesting  phenomena-  attending  the  liquefaction  of  carbon 
dioxide  have  been  already  described  (p.  64)  :  it  requires  for  the  purpose 
a  pressure  of  38.«5  atmospheres  at  (P.  The  liquefied  oxide  is  colorless  and 
limpid,  lighter  than  water,  and  four  times  more  expansible  than  air  ;  it 
mixes  in  all  proportions  with  ether,  alcohol,  naphtha,  oil  of  turpentine, 
and  carbon  disulphide,  and  is  insoluble  in  water  and  fat  oils.  In  this 
condition  it  does  not  exhibit  any  of  the  properties  of  an  acid. 

Carbon  dioxide  exists,  as  already  mentioned,  in  the  air  :  relatively  its 
quantity  is  but  small ;  but  absolutely,  taking  into  account  the  vast  extent 
.  of  the  atmosphere,  it  is  very  great,  and  fully  adequate  to  the  purpose  of 
supplying  plants  with  their  carbon,  these  latter  having  the  jwwer,  by  the 
aid  of  their  green  leaves,  of  decomposing  carbon  dioxide,  retaining  the 
carbon,  and  expelling  the  oxygen.  The  presence  of  light  is  essential  to 
this  effect,  but  of  the  manner  in  which  it  is  produced  we  are  yet  ignorant. 

The  carbonates  form  a  very  large  and  important  group  of  salts, 
some  of  which,  as  the  carbonates  of  calcium  and  magnesium,  occur  very 
abundantly  in  nature.  They  contain  the  elements  of  carbon  dioxide  and 
a  metallic  oxide :  calcinm  carbonate,  for  example,  being  composed  of  ,06 
parts  of  calcium  oxide  or  lime,  and  44  parts  by  weight  of  carbon  dioxide, 
or  of  40  calcium,  12  carbon,  and  48  oxygen,  a  composition  which  is  repre- 
sented by  the  formula  CaO.CO,  or  CaCO, ;  but  they  are  never  formed  by 
the  direct  union  of  dry  carbon  dioxide  with  a  dry  metallic  oxide,  the 
intervention  of  water  being  always  required  to  bring  about  the  combina- 
tion. Potassium  carbonate  (pearlash)  is  the  chief  constituent  of  wood- 
ashes  ;  sodium  carbonate  is  contained  in  the  ashes  of  marine  plants,  and 
is  manufactured  on  a  very  large  scale  by  heating  sodium  sulphate  with 
lime  and  coal.  These  carbonates  are  soluble  in  water.  The  other  metallic 
carbonates,  which  are  insoluble,  may  be  formed  by  mixing  a  solution  of 
potassium  or  sodium  carbonate  with  a  soluble  metallic  salt ;  thus,  when 
solutions  of  lead  nitrate  and  sodium  carbonate  are  mixed  together,  the 
lead  and  sodium  change  places,  forming  sodium  nitrate,  which  remains 
dissolved,  and  lead  carbonate,  which,  being  insoluble  in  water,  is  precipi- 
Uted  in  the  form  of  a  white  powder:  Pb(NO,),  +  Na,COg  =  2NaN0. -}- 
PbCO,. 

This  is  an  example  of  double  decomposition,  the  most  frequent  of  all  forms 
of  chemical  action. 

The  solution  of  carbon  dioxide  in  water  may  be  supposed  to  contain 
hydrogen  carbonate  or  carbonic  acid,  consisting  of  2  parts  by 
weight  of  hydrogen,  12  carbon,  and  48  oxygen,  and  represented  by  the 
formula  H^CO,  or  H,O.CO, ;  but  this  compound  is  not  known  in  the  separate 
state,  only  in  aqueous  solutions. 

Carbon  Monoxide  (commonly  called  Carbonic  Oxide). — ^When  car- 
bon dioxide  is  passed  over  red-hot  charcoal  or  metallic  iron,  one  half  of  its 
oxygen  is  removed,  and  it  becomes  converted  into  carbon  monoxide.  A 
very  good  method  of  preparing  this  gas  is  to  introduce  into  a  tlask  fitted 
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with  a  bent  tube  some  crystallized  oxalic  acid  (HjCgO^),  and  jwur  upon  it 
five'  or  six  times  as  much  strong  oil  of  vitriol.  On  heating  the  mixture,  the 
oxalic  acid  is  resolved  into  water,  carbon  dioxide,  and  carbon  monoxide, 
H.^C,04=sCO-l-COj4-H.^^ :  and  by  passing  the  gases  through  a  strong  solution 
of  caustic  potash,  the  first  is  withdrawn  by  absorption,  while  tlie  second 
remains  unchanged.  Another  and,  it  may  be,  preferable  method,  is  to  heat 
finely  powdered  yellow  potassium  ferrocyanide  with  eight  or  ten  times  its 
weight  of  concentrated  sulphuric  acid.  The  salt  is  entirely  decomposed, 
yielding  a  most  copious  supply  of  perfectly  pure  carbon  monoxide,  which 
may  be  collected  over  water  in  the  usual  manner.  The  reaction  is  repre- 
sented by  the  equation — 

K.FeCeN-    +     6Hj,0    +     BH^SO^    «    6C0    +     2K^0^    + 
Potassium  (erro-  Sulphuric  Potassium 

cyanide.  aoid.  sulphate. 

3(NH4).S04    +    FeSO^ 
Ainmoiiiuin  Ferrous 

sulphate.  sulphate. 

Carbon  monoxide  is  a  combustible  gas,  which  bums  with  a  beautiful 
pale-blue  flame,  generating  carbon  dioxide.  It  has  never  been  liquefied. 
It  is  colorless,  has  very  little  odor,  and  is  extremely  poisonous — ^much  more 
so  than  carbon  dioxide.  Mixed  with  oxygen,  it  explodes  by  the  electric 
spark,  but  with  some  difficulty.  Its  specific  gravity  is  0.973 ;  a  litre  weighs 
1.2515  grams  ;  100  cubic  inches  weigh  30.21  grains. 

The  relation  by  volume  of  these  oxides  of  carbon  is  as  follows :  Carbon 
dioxide  contains  its  own  volume  of  oxygen,  that  gas  suff'ering  no  change 
of  bulk  by  its  conversion.  One  measure  of  carbon  monoxide,  mixed  with 
half  a  measure  of  oxygen  and  exploded,  yields  one  measure  of  carbon 
dioxide  :  hence  carbon  monoxide  contains  half  its  volume  of  oxygen. 

Carbon  monoxide  unites  with  chlorine  under  the  influence  of  light, 
forming  a  pungent,  suflbcating  compound,  possessing  acid  properties,  called 
phosgene  gas,  or  carbonyl  chloride,  COCl,.  It  is  made  by  mix- 
ing equal  volumes  of  carbon  monoxide  and  chlorine,  both  perfectly  dry, 
and  exposing  the  mixture  to  sunshine  :  the  gases  unite  quietly,  the  color 
disappears,  and  the  volume  becomes  reduced  to  one-half.  A  more  conve- 
nient method  of  preparing  this  gas  consists  in  passing  carbon  monoxide 
through  antimony  pentachloride.  It  must  be  received  over  mercury,  as  it 
is  decomposed  by  water.  When  pure  it  condenses  to  a  liquid  at  GO  ;  or  more 
quickly  at  the  temperature  of  a  mixture  of  ice  and  salt. 

Compounds  of  Carbon  and  Hydrogen, 

The  compounds  of  carbon  and  hydrogen  already  known  are  exceedingly 
numerous :  perhaps  all,  in  strictness,  belong  to  the  domain  of  organic 
chemistry,  as  they  cannot,  except  in  very  few  cases,  be  formed  by  the 
direct  union  of  their  elements,  but  always  arise  from  the  decomposition  of 
a  complex  body  of  organic  origin.  It  will  be  found  convenient,  notwith- 
standing, to  describe  three  of  them  in  this  part  of  the  volume,  as  they 
very  well  illustrate  the  important  subjects  of  combustion  and  the  nature 
of  flame. 

Methane  or  Marsh  Oas ;  Light  Carlmretted  Hydrogen ;  Fire-damp^  CII4. 
— This  gas  is  but  too  often  tbuud  to  bo  abundantly  disengaged  in  coal 
mint's  from  the  fresh-cut  surface  of  the  coal,  and  from  remarkable  aiiertures 
or  '*  blowers,"  which  emit  for  a  great  length  of  time  a  copious  stream  or  jet 
of  gas,  probably  existing  in  a  state  of  compression,  pent  up  in  the  coal. 

When  the  mud  at  the  lx)ttom  of  pools  in  which  water-plants  grow  is 
stilled,  bubbles  of  ^aa  escape,  which  may  be  easily  collected.    This,  on 
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examination,  is  fonnd  to  be  chiefly  a  mixture  of  light  carburottod  hydrogen 
and  carbon  dioxide  :  the  latter  is  easily  absorbed  by  lime-water  or  cauBtlo 
potash. 

For  a  long  time,  no  method  was  known  by  which  methane  could  be  pro- 
duced in  a  state  approaching  to  purity  by  artificial  means  ;  the  various 
illuminating  gases  from  pit-coal  and  oil,  and  that  obtained  by  passing  the 
rapor  of  alcohol  through  a  red-hot  tube,  contain  large  quantities  of  it, 
associated,  however,  with  other  substances  which  hardly  admit  of  separa- 
tion ;  bat  Dumas  has  discovered  a  method  by  which  it  can  be  produc<!d 
perfectly  pure,  and  in  any  quantity. 

A  mixture  ia  made  of  40  parts  crystallized  sodium  acetate,  40  parts  solid 
sodium  hydroxide,  and  GO  parts  quicklime  in  powder.  This  mixture  is 
transferred  to  a  flask  or  retort,  and  strongly  heated  ;  the  gas  is  disengaged 
in  great  abundance,  and  may  be  coUecttxl  over  water,  while  sodium  -car- 
bunate  remains  behind.     The  reaction  is  rex)resented  by  the  equation — 


NaC,H,0, 

4-       NaHO       = 

en.     H 

Mnrsh 

h      Na^CO, 

Scxlium 

Sodium 

Sodium 

acetate. 

hydroxide. 

gH8. 

carbonate. 

Thft  nse  of  lime  is  merely  to  prevent  the  soda  from  fusing  and  attacking 
the  glass. 

Methane  is  a  colorless  and  nearly  inodorous  gas,  which  does  not  affect 
vegetable  colors.  It  burns  with  a  yellow  llame,  generating  carbon  dioxide 
and  water.  It  is  not  poisonous,  and  may  be  respired  to  a  great  extent 
without  apparent  injury.  Tlie  density  of  this  comjwund  is  alwut  0.5.19,  a 
litre  weighing  0.71558  gram,  and  100  cubic  inches  weighing  17.41  grains; 
it  contains  carbon  and  hydrogen  associated  in  the  pro|x)rtion  of  12  parts 
by  weigUt  of  the  former  to  4  of  the  latter. 

When.  100  measures  of  this  gas  are  mixed  with  200  of  pure  oxygen  in 
the  euciiometer,  and  the  mixture  exploded  by  the  ehnjtric  spark,  100  mea- 
sures of  gas  remain,  which  are  entirely  absorbable  by  a  little  solution  of 
caustic  potash.  Now,  carbon  dioxide  contains  its  own  volume  of  oxygen  ; 
hence,  one-half  the  oxygen  added — that  is,  100  measures — must  have  be{»n 
consamod  in  uniting  with  the  hydrogen.  ConstH^uently,  the  gas  must  con- 
tain twice  its  own  measure  of  hydrogen,  and  enough  carbon  to  produce, 
when  completely  burned,  an  equal  quantity  of  carbon  dioxide. 

When  chlorine  is  mixed  with  marsh-gas  over  water,  no  change  follows, 
provided  light  be  excluded.  The  presence  of  light,  however,  brings  alx)ut 
de(V)mposition,  hydrochloric  acid,  carbon  dioxide,  and  other  products,  b4>ing 
formed.  It  is  important  to  remember  that  this  gas  is  not  acted  upon  by 
chlorine  in  the  dark. 

Bthene  or  Oleflant  Oas,  C^H^. — Strong  spirit  of  wine  is  mixed  with 
five  or  six  times  its  weight  of  oil  of  vitriol  in  a  glass  flask,  the  tube  of 
which  passes  into  a  wash-bottle  containing  caustic  potash.  A  second  wash- 
bottle,  partly  filled  with  oil  of  vitriol,  is  connected  with  the  first,  and  fur- 
nished with  a  tube  dipping  into  the  water  of  the  pneumatic  trough.  On 
the  first  application  of  heat  to  the  contents  of  the  flask,  alcohol,  and  after- 
wards ether,  make  their  appearance  ;  but,  as  the  temperature  rises,  and 
the  mixture  blackens,  the  ether-vapor  diminishes  in  quantity,  and  its 
place  beoomes  in  great  part  supplied  by  a  permanent  inflammable  gas ; 
carlx>n  dioxide  and  sulphurous  oxide  are  also  generated  at  the  same  time, 
lK»3ides  traces  of  other  products.  The  two  last-men tion(»d  gases  are  al>- 
sorbed  by  the  alkali  in  the  first  Iwttle,  and  the  ether-vapor  by  the  acid  in 
the  second,  so  that  the  defiant  gas  is  delivered  tolerably  pure.  The  entire 
reaction  is  too  complex  to  be  discussed  at  the  present  moment ;  it  will  be 
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foand  fully  described  in  the  third  part ;  but  the  ethene  may  be  regarded 
as  resulting  from  a  simple  dehydration  of  the  alcohol  by  the  oil  of  vitriol. 

C,H„0    =    C,H^    +     H,0 
Alcohol.         Ethene.         Water. 

Olefiant  gas  thus  produced  is  colorless,  neutral,  and  but  slightly  soluble  in 
water.  Alcohol,  ether,  oil  of  turpentine,  and  even  olive  oil,  dissolve  it  to 
a  considerable  extent.  It  has  a  faint  odor  of  garlic.  On  the  approach  of 
a  kindled  taper  it  takes  fire,  and  burns  with  a  splendid  white  light,  far 
surpassing  in  brilliancy  that  produced  by  marsh-gas.  This  gas,  when 
mixed  with  oxygen  and  fired,  explodes  with  extreme  violence.  Its  density 
is  0.981 ;  a  litre  weighs  1.25194  grams ;  100  cubic  inches  weigh  30.57 
grains. 

By  the  use  of  the  eudiometer,  as  already  described,  it  has  been  found 
that  each  measure  of  ethene  requires  for  complete  combustion  exactly  three 
of  oxygen,  and  produces  under  these  circumstances  two  measures  of  carbon 
dioxide :  whence  it  is  evident  that  it  contains  twice  its  own  volume  of 
hydrogen  combined  with  twice  as  much  carbon  as  in  methane. 

By  weight,  these  proportions  are  24  parts  carbon  and  4  parts  hydrogen. 

Ethene  is  decomposed  by  passing  it  through  a  tube  heated  to  bright  red- 
ness ;  a  deposit  of  charcoal  and  tar  takes  place,  and  the  gas  becomes  con- 
verted into  marsh-gas,  or  even  into  free  hydrogen,  if  the  temperature 
be  very  high.  This  latter  change  is,  of  course,  attended  by  increase  of 
volume. 

Chlorine  acts  upon  ethene  in  a  very  remarkable  manner.  When  the 
two  bodies  are  mixed,  even  in  the  dark,  they  combine  in  equal  measures, 
and  give  rise  to  a  heavy  oily  liquid,  of  sweetish  taste  and  ethereal  odor,  to 
which  the  name  of  ethene  chloride,  or  Dutch  liquid,  CgH^Cl.^,  is  given.  It 
is  from  this  peculiarity  that  the  term  olefiant  gas  is  derived. 

On  mixing  in  a  tall  jar  two  measures  of  chlorine  and  one  of  ethene,  and 
then  quickly  applying  a  light  to  the  mouth  of  the  vessel,  the  chlorine  and 
hydrogen  unite  with  tlame,  which  passes  quickly  down  the  jar,  while  the 
whole  of  the  carbon  is  set  free  in  the  form  of  a  thick  black  smoke. 

Ethine  or  Acetylene,  CyH^. — ^This  hydrocarbon  is  formed  by  the  direct 
union  of  its  elements.  Hydrogen  and  carbon  do  not  combine  at  ordinary 
temperatures,  or  even  under  the  influence  of  the  most  intense  heat ;  but 
when  an  electric  arc  from  a  very  powerful  voltaic  battery  is  passed  between 
carbon  poles  in  a  current  of  hydrogen,  the  carbon  and  hydrogen  unite  to 
form  acetylene.  This  compound  is  carried  forward  by  the  stream  of  hydro- 
gen, and  on  passing  the  mixed  gases  into  a  solution  of  cuprous  chloride, 
the  acetylene  is  separated  in  the  form  of  a  red  solid  copper  compound, 
which,  when  decomposed  by  hydrochloric  acid,  yields  pure  acetylene. 

Acetylene  is  a  colorless  gas  of  specific  gravity  0.92.  It  bums  in  the  air 
with  a  bright  smoky  fiame,  and  when  mixed  with  chlorine,  detonates  almost 
instantly,  even  in  diifused  daylight,  with  separation  of  carbon. 

Acetylene  is  one  of  the  constituents  of  coal-gas,  and  is  produced  in  the 
imperfect  combustion  of  various  bodies  containing  carbon  and  hydrogen. 
The  modes  of  formation,  reactions,  and  derivatives  of  this  compound  will 
be  further  considered  under  Organic  Chemistry. 

Coal  Oil  and  G-ases. — The  manufacture  of  coal  gas  is  a  branch  of  in- 
dustry of  great  interest  and  importance  in  several  points  of  view.  The 
process  is  one  of  great  simplicity  of  principle,  but  requires,  in  practice, 
some  delicacy  in  management  to  yield  a  good  result. 

When  pit-coal  is  subjected  to  destructive  distillation,  a  variety  of  pro- 
ducts show  themselves — ^permanent  gases,  steam  and  volatile  oils,  besides 
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a  not  inoonsiderable  quantity  of  ammonia  from  the  nitrogen  always  present 
in  the  coal.  These  substances  vary  very  much  in  their  proportions  with 
the  temperature  at  which  the  process  is  conducted,  the  pei'umnent  gases 
becoming  more  abundant  with  increased  heat,  but,  at  the  same  time,  losing 
much  of  their  value  for  the  purposes  of  illumination. 

The  coal  ia  distilled  in  cast-iron  retorts,  maintained  at  a  bright-red  heat, 
and  the  volatilized  product  is  conducted  into  a  long  horizontal  pipe  of 
large  dimensions,  always  half  filled  with  liquid,  into  which  the  extremity 
of  each  separate  tube  dips :  this  is  called  the  hydraulic  main.  The  gas 
and  its  accompanying  vapors  are  next  made  to  traverse  a  refrigerator — 
usually  a  series  of  iron  pipes,  cooled  on  the  outside  by  a  stream  of  water ; 
here  the  condensation  of  the  tar  and  the  ammoniacal  liquid  becomes  com- 
plete, and  the  gas  proceeds  onwards  to  another  part  of  the  apparatus,  in 
which  it  is  deprived  of  the  sulphuretted  hydrogen  and  carbonic  acid  always 
present  in  tlie  crude  product.  Tlie  separation  was  formerly  ell'ected  by 
slaked  lime,  which  readily  absorbs  the  compounds  in  question.  The  use 
of  lime,  however,  has  been  almost  superseded  by  that  of  a  mixture  of  saw- 
dust and  iron  oxide.  This  mixture,  after  having  been  used,  is  exposed  for 
some  time  to  the  atmosphere,  and  is  then  fit  for  use  a  second  time.  The 
purifiers  are  large  iron  vessels  filled  either  with  slaked  lime  or  with  the 
iron  oxide  mixture.  The  gas  is  admitted  at  the  bottom  of  the  vessel,  and 
made  to  pass  over  a  large  surface  of  the  purifying  agents.  Tlie  last  part 
of  the  operation,  which,  indeed,  is  often  omitted,  consists  in  passing  tlie 
gas  through  dilute  sulphuric  acid,  in  order  to  remove  ammonia.  The 
quantity  thus  separated  is  very  small,  relatively,  to  the  bulk  of  the  gas, 
but,  in  an  extensive  work,  becomes  an  object  of  importance. 

Coal-gas  thus  manufactured  and  purified  is  preserved  for  use  in  immense 
cylindrical  receivers,  closed  at  the  top,  suspended  in  tanks  of  water  hy  chains 
to  which  counterpoises  are  attached,  so  that  the  gas-holders  rise  and  aink 
in  the  liquid  as  they  become  filled  from  the  purifiers  or  emptied  by  the 
mains.  These  latter  are  made  of  large  diameter,  to  diminish  as  much  as 
possible  the  resistance  experienced  by  the  gas  in  passing  through  such  a 
h*ngth  of  pipe.  The  joints  of  these  mains  are  still  made  in  so  imperfect  a 
manner  that  immense  loss  is  experienced  by  leakage  when  pressure  upon 
the  gas  exceeds  that  exerted  by  a  column  of  watt^r  an  inch  in  height.* 

Coal  gas  varies  very  much  in  composition,  judging  from  its  variable 
density  and  illuminating  powers,  and  from  the  analyses  which  have  been 
made.  The  difficulties  of  such  investigations  are  very  great,  and  unless 
particular  precaution  be  taken,  the  results  are  merely  approximate.  Tlie 
purified  gas  is  believed  to  contain  the  following  substances,  of  which  the 
first  13  the  most  abundant  and  the  second  the  most  valuable : — 

Methane,  or  Marsh  gas. 
Ethene,  or  Olefiant  gas. 
Ethine,  or  Acetylene. 
Hydrogen. 

♦  It  may  give  some  Idea  of  thfe  extent  of  this  Bpcies  of  manufacture,  to  mention 
thit  in  the  yew  1838,  for  ]i«;hfln7  London  and  the  suburhs  alnne,  there  wore 
eighteen  public  gia  works,  and  £2,8^i>,rO)  invested  in  pipes  and  npparitus.  The 
yearly  revenue  amounted  to  £i*K>,ono,  and  the  consumption  of  coal  in  tlie  s^ime 
period  to  180,^)00  tons.  1160  miilioni  of  cubic  feet  of  gns  being  made  in  the  yctr. 
There  were  l.»i.30O  private  lights,  and  3VX)  street  Umps.  89i  tons  of  conls  were 
useil  in  the  retort*  in  the  space  of  twenty-four  hours  at  midwinter ;  and  7.120  0  0 
etibic  feet  of  gas  consumed  la  the  longest  night.^ (7re,  Dictionary  of  Artt  and 
Manu/acturet. 

Since  that  time,  the  production  of  gas  has  been  enormously  in(*rensed.  The 
amount  of  coal  used  in  London  for  gas-making  in  the  year  enriing  June,  185'2,  is 
estimated  at  4  »8,000  tons,  which  on  nn  avorai^e  wotild  yield  about  400n  millions  of 
cable  feet  of  gas.  In  the  year  18^7  the  mains  in  the  London  streets  had  reached 
the  extraordinary  length  of  2000  miles. 
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Carbon  Monoxide. 

Kitrogen. 

Vapors  of  volatile  liquid  Hydrocarbons.* 

Vapor  of  Carbon  Bisulphide. 

Separated  hy  Condensation  and  by  the  Purifiers. 

Tar  and  Volatile  Oils. 

Ammonium  Sulphate,  Chloride,  and  Sulphide. 

Hydrogen  Sulphide. 

Carbon  Dioxide. 

Hydrocyanic  acid,  or  Ammonium  Cyanide. 

Sulphocyanic  acid,  or  Ammonium  Sulphocyanate. 

A  far  better  illuminating  gas  may  be  prepared  from  oil,  by  dropping  it 
into  a  red-hot  iron  retort  filled  with  coke ;  the  liquid  is  in  great  part  de- 
composed and  converted  into  permanent  gas,  which  requires  no  purifica- 
tion, as  it  is  quite  free  from  the  ammoniacal  and  sulphur  compounds  which 
vitiate  gas  from  coal.  Many  years  ago  this  gas  was  prepared  in  London ; 
it  was  compressed,  for  the  use  of  the  consumer,  into  strong  iron  vessels,  to 
the  extent  of  thirty  atmospheres  ;  these  were  furnished  with  a  screw-valve 
of  peculiar  construction,  and  exchanged  for  others  when  exhausted.  The 
comparatively  high  price  of  the  material,  and  other  circumstances,  led  to 
tlie  abadonment  of  the  undertaking.  On  the  Continent  gas  is  now  exten- 
sively prepared  from  wood. 

Combustion^  and  the  Structure  of  Flame, 

When  any  solid  substance  capable  of  bearing  the  fire  is  heated  to  a  cer- 
tain point,  it  emits  light,  the  character  of  which  depends  upon  the  tem- 
perature. Thus,  a  bar  of  platinum  or  a  piece  of  porcelain,  raised  to  a 
particular  temperature,  becomes  what  is  called  red-hot,  or  emissive  of  red 
light :  at  a  higher  degree  of  heat,  this  light  becomes  whiter  and  more  in- 
tense, and  when  urged  to  the  utmost,  as  in  the  case  of  a  piece  of  lime 
placed  in  the  flame  of  the  oxyhydrogen  blow-pipe,  the  light  becomes  ex- 
ceedingly powerful,  and  ac<iuires  a  tint  of  violet.  Bodies  in  these  states 
are  said  to  bo  incandescent  or  ignited. 

Again,  if  the  same  experiment  be  made  on  a  piece  of  charcoal,  similar 
effects  will  be  olwerved  ;  but  something  in  addition  ;  for  whereas  the  pla- 
tinum and  porcelain,  when  removed  from  the  fire,  or  the  lime  from  the 
blow-pipe  flame,  begin  immediately  to  cool,  and  emit  less  and  less  light, 
until  they  become  completely  olwcure,  the  charcoal  maintains  to  a  great 
extent  its  high  temperature.  Unlike  the  other  bodies,  too,  which  suffer 
no  change  whatever,  either  of  weight  or  substance,  the  charcoal  gradually 
wastes  away  until  it  disappears.  This  is  what  is  called  combustiony  in  con- 
tradistinction to  mere  ignition  ;  the  charcoal  burns,  and  its  temperature  is 
kept  up  by  the  heat  evolved  in  the  act  of  union  with  the  oxygen  of  the  air. 

In  the  most  general  sense,  a  body  in  a  state  of  combustion  is  one  in  the 
act  of  undergoing  intense  chemical  action :  any  chemical  action  whatso- 
ever, if  its  energy  rise  sufficiently  high,  may  produce  the  phenomenon  of 
combustion,  by  heating  the  body  to  such  an  extent  that  it  becomes  luminous. 

In  all  ordinary  cases  of  combustion,  the  action  lies  between  the  burning 
body  and  the  oxygen  of  the  air  ;  and  since  the  materials  employed  for  the 
economical  production  of  heat  and  light  consist  of  carlwn  chiefly,  or  that 
substance  conjoined  with  a  certain  proportion  of  hydrogen  and  oxygen,  all 

*  Thene  bodies  increase  the  iUuminatiBg  power,  and  confer  on  the  gas  its  pecu> 
liar  odor. 
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common  effects  of  this  nature  are  casiH  of  the  rapid  and  violent  oxidation 
of  carbun  and  hydrogen  by  the  aid  of  the  free  oxygen  of  tlie  air.  Tlie  heat 
most  be  referred  to  the  aot  of  chemical  union,  and  the  light  to  the  elevated 
temperature. 

By  this  principle,  it  is  easy  to  understand  the  means  which  must  be 
adopted  to  increase  the  heat  of  ordinary  fires  to  the  point  neceBsary  lo  melt 
refractory  metals,  and  lo  bring  about  certain  desired  eOecta  of  chemical 
decompoHilion.  If  the  rate  of  consuoiptton  of  the  fuel  cod  be  increased 
bj  a  more  rapid  introduction  of  air  into  the  burning  maua,  the  intenaity 
of  the  heat  wilt  of  neuessily  rise  in  the  some  ratio,  the  quantity  of  heat 
evolvud  being  lixed  and  definite  for  the  same  constant  quantity  of  ohemicol 
action.  TluH  increased  8upi)1.T  of  air  may  be  effected  by  two  distinct  roe- 
thivla :  it  may  be  forced  into  tlie  fire  by  bellons  or  blowing-machines,  as  in 
the  common  forge  and  in  the  blast  and  cnpola-fiirnaces  of  the  iron-worker ; 
or  it  may  bo  drawn  throngh  the  bnrning  mati-riaU  by  the  help  of  a  tall 
chimney,  the  fireplace  being  closed  on  all  sides,  and  no  entrance  of  air 
allowed,  save  between  the  bars  of  the  grate.  Such  is  the  kind  of  furnace 
generally  employed  by  the  scientific  chemist  in  assaying  and  in  the  redno- 
tinn  of  metallic  oxides  by  charcoal :  the  principle  will  be  at  once  under- 
stood by  the  aid  of  the  sectional  drawing  (fiR.  1U9),  in  which  a  crncible  is 
represented  arranged  in  tlie  lire  for  an  operation  of  the  kind  mentioned. 

The  "reverberatory"  furnace  (fig.  UU)  is  one  very  much  used  in  the  arts 
when  ButiBtances  are  to  be  exposed  to  heat  without  contact  with  the  fuel. 

FiB.  va.  Fig.  uo. 


The  Bre-chambcr  is  separated  from  the  bed  or  hearth  of  the  furnace  by  a 
low  wall  or  bridge  of  brickwork,  and  the  flame  and  heated  air  are  reflected 
doimwards  by  the  arched  form  of  the  roof.  Any  dejrree  of  hent  can  he 
obtained  in  a  furnace  of  tin's  kind — from  the  temperature  of  dull  redness 
to  that  reqnired  to  melt  very  lai^e  quantities  of  ca.it-imn.  The  Bre  is 
urged  by  a  chimney  provided  with  a  sliding-plate,  or  damper,  to  ri^ulate 
the  draught. 
15 
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Solids  and  liquids,  as  melted  metal,  possess,  when  sufficiently  heated, 
the  faculty  of  emitting  light :  the  same  power  is  exhibited  by  gaseous 
bodies,  but  the  temperature  required  to  render  a  gas  luminous  is  incompar- 
ably higher  than  in  the  cases  already  described,  (ias  or  vapor  in  this  con- 
dition constitutes  Jiame^  the  actual  temperature  of  which  generally  exceeds 
that  of  the  white  heat  of  solid  bodies. 

The  light  emitted  from  pure  Hame  is  often  exceedingly  feeble ;  but  the 
illuminating  power  may  be  immensely  increased  by  the  presence  of  solid 
matter.  The  flame  of  hydrogen,  or  of  the  mixed  gases,  is  scarcely  visible 
in  full  daylight ;  in  a  dusty  atmosphere,  however,  it  becomes  much  more 
luminous  by  igniting  to  intense  whiteness  the  floating  particles  with  which 
it  comes  in  contact.  The  piece  of  lime  in  the  blow-pipe  flame  cannot  have 
a  higher  temperature  than  that  of  the  flame  itself,  yet  the  light  it  throws 
off  is  inflnitely  greater. 

On  the  other  hand,  it  is  possible,  as  recently  pointed  out  by  Dr.  Frank- 
land,  to  produce  very  bright  flames  in  which  no  solid  particles  are  present. 
Metallic  arsenic  burnt  in  a  stream  of  oxygen  produce's  an  intense  white 
flame,  although  both  the  metal  itself  and  the  product  of  its  combustion 
(arsenious  oxide)  are  gaseous  at  the  temperature  of  the  flame.  The  com- 
bustion of  a  mixture  of  nitrogen  dioxide  and  carbon  bisulphide  also  pro- 
duces a  dazzling  white  flame,  without  any  separation  of  solid  matter. 

The  conditions  most  essential  to  luminosity  in  a  flame  are  a  high  temx)e- 
rature,  and  the  presence  of  gases  or  vapors  of  considerable  density.  The 
eflfect  of  high  temperature  is  seen  in  the  greater  brightness  of  t)ie  flame  of 
sulphur,  phosphorus,  and,  indeed,  all  suljstances,  when  burnt  in  pure 
oxygen,  as  compared  with  that  which  results  from  their  combustion  in 
common  air  ;  in  the  former  case,  the  whole  of  the  substances  present  take 
part  in  the  combustion,  and  generate  heat,  whereas,  in  the  latter,  the  tem- 
perature is  lowered  by  the  presence  of  a  large  quantity  of  nitrogen,  which 
contributes  nothing  to  the  efl"ect.  The  relation  between  the  luminosity  of 
a  flame  and  the  vapor-densities  of  its  constituents  may  Ihj  seen  from  the 
following  table,  in  which  the  vapor-densities  are  referred  to  that  of  hydro- 
gen as  unity. 


Relative  Densities  of  Gases  and  Vapors, 


^ydrogen 

.       1 

Arsenious  chloride 

Water     .... 

.      9 

Phosphoric  oxide 

Hydrochloric  acid    • 

.     181 

Metallic  arsenic 

Carbon  dioxide 

.     22 

Arsenious  oxide 

Sulphur  dioxide 

.     32 

.      90} 
71,  or  142 
.     150 
.     198 


A  comparison  of  these  numbers  shows  that  the  brightest  flames  are  those 
which  contain  the  densest  vapors.  Hydrogen  burning  in  chlorine  produces 
a  vapor  more  than  twice  as  heavy  as  that  resulting  from  its  combustion  in 
oxygen,  and  accordingly  the  light  produced  in  the  former  case  is  stronger 
than  in  the  latter  ;  carbon  and  sulphur  burning  in  oxygen  produce  vapors 
of  still  greater  density,  namely,  carlwn  dioxide  and  sulphur  dioxide,  and 
their  combustion  gives  a  still  brighter  light ;  lastly,  phosphorus,  which 
has  a  very  dense  vapor,  and  likewise  yields  a  product  of  great  vapor-density, 
burns  in  oxygen  with  a  brilliancy  which  the  eye  can  scarcely  endure. 
Moreover,  the  luminosity  of  a  flame  is  increasi»d  by  condensing  the  sur- 
rounding gaseous  asmosphere,  and  diminished  by  rarefying  it.  The  flame 
of  arsenic  burning  in  oxygen  may  be  rendered  quite  feeble  by  rarefying 
the  oxygen  ;  and,  on  the  contrary,  the  faint  flame  of  an  ordinary  spirit- 
lamp  becomes  very  bright  when  placed  under  the  receiver  of  a  condensing- 
pump.  Frankland  has  also  found  that  candles  give  much  less  light  when 
burning  on  the  top  of  Mont  Blanc  than  in  the  valley  below,  although  the 
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Fig.  UL 


Fig.  112. 


rate  of  combustion  in  the  two  cases  is  nearly  tlie  same.  The  effect  of  con- 
densation in  increasing  the  brightness  of  allame  is  also  strikingly  seen 
iu  the  oombustion  of  a  mixture  of  oxygen  and  hydrogen,  which  gives 
but  a  feeble  light  when  burnt  under  the  ordinary  atmospheric  pressure,  as 
in  the  oxy-bydrogen  blow-pipe,  but  a  very  bright  flash  when  exploded  in 
the  Cavendish  eudiometer  (p.  138),  in  which  the  water-vapor 
produced  by  the  combustion  is  prevented  from  expanding. 

Flames  burning  in  the  air,  and  not  supplied  with  oxygen 
from  another  source,  are,  as  already  stated,  hollow,  the  che- 
mical action  being  necessarily  confined  to  the  spot  where  the 
two  bodies  unite.     That  of  a  lamp  or  candle  when  carefully 
examined,  is  seen  to  consist  of  three  separate  portions.     The 
dark  central  part,  easily  rendered  evident  by  depressing  upon 
the  flame  a  piece  of  fine  wire-gauze,  consists  of  combustible 
matter  drawn  up  by  the  capillarity  of  the  wick,  and  volatilized 
by  the  heat.     This  is  surrounded  by  a  highly  luminous  cone 
or  envelope,  which,  in  contact  with  a  cold  body,  deposits  soot. 
On  the  outside,  a  second  cone  is  to  be  traced,  feeble  in  its  light- 
giving  power,  but  having  au  exceedingly  high  temperature. 
The  most  probable  explanation  of  these  appearances  is  as  fol- 
lows :  Carbon  and  hydrogen  are  very  unequal  in  their  attrac- 
tion for  oxygen,  the  latter  greatly  exceeding  the  former  in  this  respect : 
consequently,  when  both  are  present,  and  the  supply  of  oxygen  is  limited, 
the  hydrogen  takes  up  the  greater  portion  of  the  oxy- 
gen, to  the  exclusion  of  a  great  part  of  the  carbon. 
Now,  this  happens,  in  the  case  under  consideration, 
at  some  little  distance  within  the  outer  surface  of  the 
flame — ^namely,   in   the  luminous    portion ;    the  little 
oxygen   which   has    penetrated   thus    far   inwards   is 
mostly  consumed  by  the  hydrogen,  and  hydro-carbons 
are  separated,  rich  in  carbon  and  of  great  density  in 
the  state   of  vapor   (naphthalene,   chrysene,  pyrene, 
etc.).     These  hydro-carbons,  which  would  form  smoke 
if  they  were  cooler,  and  are  deposited  on  a  cold  body 
held  in  the  flame  in  the  form  of  soot,*  become  intensely 
ignited  by  the  burning  hydrogen,  and  evolve  a  light 
whose  whiteness  marks  a  very  elevated  temperature. 
In  the  exterior  and  scarcely  visible  cone,  these  hydro- 
carbons undergo  combustion. 

A  jet  of  coal-gas  exhibits  the  same  phenomena  ;  but, 
if  the  gas  be  previously  mingled  with  air,  or  if  air  be 
forcibly  mixed  with,  or  driven  into,  the  flame,  no  such 
separation  of  carbon  occurs  ;  the  hydrogen  and  carbon 
burn  together,  forming  vapors  of  much  lower  density, 
and  the  illuminating  power  almost  disappears. 

The  common  mouth  blow-pipe  is  an  instrument  of 
great  utility  ;  it  is  merely  a  brass  tube  fitted  with  an 
ivory  mouth-piece  and  terminated  by  a  jet  having  a 
small  aperture,  by  which  a  current  of  air  is  driven 
across  the  flame  of  a  candle.  The  best  form  is  per- 
haps that  contrived  by  Mr.  Pepys,  and  shown  in  fig. 
112.     The  flame  so  produced  is  very  peculiar. 

Instead  of  the  double  envelope  just  described,  two  long  pointed  cones 
are  observed  (fig.  113),  which,  when  the  blow-pipe  is  good,  and  the  aper- 


o 


*  Soot  is  not  pure  carbon,  but  a  mixture  of  heavy  hydro-carbons. 
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tore  Bmooth  and  round,  ore  very  well  dellni^,  the  outer  cone  being  jel- 
lotrisli,  and  the  inner  blue.     A  double  cuinbuiition  is,  iu  faut,  going  on,  by 
the  blast  in  the  inside,  and  by  the  external  air. 
Fig.  118.  The  fpaee  betvet'n  the  inner  and  outer  oonee  is 

filled  nith  exceedingly  hot  oombuatible  matter, 
possessing  strong  reducing  or  deoxidijiug  pow- 
ers ;  while  the  higlily  heated  air  just  beyond 
thopoint  oftheeuterior  cone  oxidiies  Willi  great 
fauility.  A  small  portion  of  matter,  sapported 
on  a  piece  of  charcoal,  or  fixed  in  a  ring  at  tlie 
end  of  a  lino  platinum  wire,  can  thus  in  an  in- 
stant be  exposed  to  a  very  high  degree  of  heat 
under  these  contrasted  vircumstaucea,  and  ob- 
servations of  great  value  made  in  a  very  short 
instrument  requires  an  even  and  uiiintorrui>ted  blast 
t  method  easily  acquired  witli  a  little  patience:  it 
1  employing  for  the  porpose  tlie  muscles  of  lite  cheeks  alone, 
respiration  being  conducted  tlirongh  the  nostrils,  and  the  mouth  from  time 
to  time  replenished  with  air,  without  intermissiou  of  the  blast. 

The  Argand  lamp,  adapts  to  burn  cither  oil  or  spirit,  but  especially  the 
latter,  is  a  very  useful  piece  of  chemical  apparatus.     In  this  lamp  the  wick 
is  cylindrical,  tho  fiame  being  supplied  with  air  both  inside  and  outside : 
the  combustion  is  greatly  aided  by  tho  chimney,  which  is  made  of  copper 
when  tlie  lamp  is  used  as  a  source  of  heat- 
Fig.  114  exhibits,  in  section,  an  excellent  lamp  of  this  kind  for  burning 
alcohol    or     wood-spirit. 
Tig.m.  Fig.  lis.  It  is  constructed  of  tliin 

copper,  and  furnished 
with  ground  caps  to  the 
wick -holder  and  aper- 
ture," by  which  the  spirit 
is  introduced,  i 


(he 


spirit-lamps  (flg.  IIA), 
fltfed  with  caps  to  pre- 
vent evaporation,  are 
Tcry  convenient  for  occa- 
sional use,  being  always 
ready  and  in  order. ( 


•  Wlicn  In  use,  Ihla  nperlure  must  Hfways  he  open, 
sure  1o  {""PP^j  *hc  heJit  expands  the  ii<r  Id  the  lumr,  r 


f r:\itnt  Is 


t  The  Bplritlnnip  rrjirrrenteil  tn  nr. 
lift,  in  one  rontrLved  hy  Dr.  J.  K.  Kllchell. 
'■It  is  mailsof  tlaned  Iron.  The  Rlcohol 
Is  poured  out  by  menoi   of  the  hollow 

Bj  .uch  nn  arrnnirenient  of  purl.,  the 
aknhol  tnKir  be  added  «>  it  U  coiiBunie.1, 
■  ncl  the  nnme  kept  UDlfnrin  (  sod  ss  the 

liecomei  healed  >o  ni  to  flj  off  thmueh 
the  venl-hnle,  and  thui  »o  caute  grrUm 

A  eyitndrloil  fblmney  la  ail  advanta- 
geoua  addition  for  many  piirpoaea.  II 
maybe  made  of  tln-filale  or  copper.— H.B. 
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Id  London,  and  other  large  towns  where  coal-gas  is  to  be  had,  it  is  con- 
stantly used  with  the  greattnit  economy  and  advantage  in  every  respect  as 
a  source  of  heat.  Retorts,  tlasks,  capsules,  and  other 
vtssels,  can  be  thus  exposed  to  an  easily  regulated 
and  invariable  temperature  for  many  successive  hours. 
Small  platinum  crucibles  may  be  ignited  to  redness  by 
placing  them  orer  the  flame  on  a  little  wire  triangle. 
Tiie  arrangement  shown  in  fig.  117,  consisting  of  a 
common  Argand  gas-burner  fixed  on  a  heavy  and  low 
foot,  and  connected  with  a  flexible  tube  of  caoutchouc 
or  other  material,  is  very  convenient. 

A  higher  temperature,  and  a  perfectly  smokeless 
flame,  are,  however,  obtained  by  burning  the  gas  pre- 
vioasly  mixed  with  air.  Such  a  flame  is  easily  pro- 
duced by  placing  a  cap  of  wire-gauze  on  the  chimney 
of  the  Argand  burner  just  described,  and  setting  fire 
to  the  gas  above  the  wire-gauze.  The  flame  does  not 
penetrate  below,  but  the  gas,  in  passing  up  the  chim- 
ney, becomes  mixed  with  air,  and  this  mixture  burns  above  the  cap  with 
a  blue,  smokeless  flame. 

Another  kind  of  burner  for  producing  a  smokeless  flame  has  been  con- 
trived by  Professor  Bunsen,  and  is  now  very  generally  used  in  chemical 
laboratories.  In  this  burner  (fig.  118)  the  gas,  supplied  by  a  flexible  tube 
tf  passes  through  a  set  of  small  holes  into  the  box 
at  a,  in  which  it  mixes  with  atmospheric  air  enter- 
ing freely  by  a  number  of  holes  near  the  top  of 
the  box.  The  gaseous  mixture  passes  up  the  tube 
6,  and  is  inflamed  at  the  top,  where  it  burns  with 
a  tall,  blue,  smokeless  flame,  giving  very  little 
light,  but  much  heat.  By  arranging  two  or  more 
such  tubes,  together  with  an  air-box  containing  a 
sufficient  number  of  holes,  a  very  powerful  burner 
may  be  constructed. 

Considerable  improvements  in  this  form  of  burner 
have  been  made  by  Mr.  Griffin,  who  has  also  con- 
structed, on  the  same  principle,  powerful  gas-furnaces,  afibrding  heat  suf- 
ficient for  the  decomposition  of  silicates,  and  the  fusion  of  considerable 
quantities  of  copper  or  iron.*  The  principle  of  burning  a  mixture  of  gas 
and  air  is  also  applied  in  Hofmann's  gas-furnace  for  organic  analysis,  which 
will  be  described  under  Organic  Chemistry. 

The  kindling-point,  or  temperature  at  which  combustion  commences,  is 
very  different  with  different  substances  ;  phosphorus  will  sometimes  take 
fire  in  the  hand  ;  sulphur  requires  a  temperature  exceeding  that  of  boiling 
water ;  charcoal  must  be  heated  to  redness.  Among  gaseous  bodies  the 
same  fact  is  observed  ;  hydrogen  is  inflamed  by  a  red-hot  wire  ;  light  car- 
boretted  hydrogen  requires  a  white  heat  to  effect  the  same  thing.  When 
flame  is  cooled  by  any  means  below  the  temperature  at  which  the  rapid 
oxidation  of  the  combustible  gas  occurs,  it  is  at  once  extingnished.  Upon 
this  depends  the  principle  of  Sir  H.  Davy's  invaluable  safety-lamp. 

Mention  has  already  been  made  of  the  frequent  disengagement  of  great 
quantities  of  light  carburetted  hydrogen  gas  in  coal  mines.  This  gas, 
mixed  with  seven  or  eight  times  its  volume  of  atmospheric  air,  becomes 
highly  explosive,  taking  fire  at  a  light  and  burning  with  a  pale-blue  flame  ; 
and  many  fearful  accidents  have  occurred  from  the  ignition  of  large  qunn- 

*  See  the  article  on  Gas-burners  and  FuroAces  in  WattB'B  Dictionary  of  Chem- 
istry, Jl.  782. 
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titiM  of  mixed  gas  and  air  occii paring  thp  extensive  galierii»  and  irorkings  of 
a  miiiu.  Davy  undfirlook  an  invustigation  with  a  view  l«  diHcovet  sums 
remedy  for  this  coniitantly  occurring  calamity  ;  Lis  lal>orB  rcBulted  in  n>me 
exceedingly  important  discoveries  respecting  flomt:,  which  led  to  the  con- 
struction uf  tLu  lamp  which  bears  liis  name. 

When  two  vessels  fllted  with  B  gaseous  explosive  mixture  are  connM^ted 
by  a  narrow  Culw,  and  the  contents  of  one  fired  by  tlie  electric  spark,  or 
otiierwise,  the  dame  in  not  comiuunicnted  to  the  other,  provided  tlie  diam- 
eter of  the  tube,  its  length,  and  tlie  conducting  power  for  heat  of  its  mate- 
rial, bear  a  certain  proportion  to  each  other  ;  tlie  llame  is  extinguished  by 
cooling,  and  ita  transiuistiion  rendered  impossible. 

lu  this  experiment,  high  conducting  power  and  diminished  diameter 
oompensate  for  diminution  in  length  ;  and  to  such  an  extent  can  this  be 
carried,  that  mutallio  gauze,  wliieh  may  bo  looked  upon  as  a  serits  of  very 
short  square  tubus  arranged  aide  byside,wheuof  sufficient  degree  of  fineness, 
arrettts  in  the  most  oomplute  manner  the  passage  of  Hame  in  explosive  mix- 
tures.   Now  the  fire-damp  mixture  has  an  exceedingly  high  kindling  puint ; 
a  red  heat  does  not  cause  jnUauimatiun  ;  couaequently,  the 
Fig.  HI).         gauze  will  be  safe  for  this  substance,  when  Hame  would 
"  pass  in  almost  any  other  cose. 

The  miner's  safety-lamp  is  merely  an  ordinary  oil-lamp, 
the  Hame  of  which  is  inclosed  in  a  cage  of  wire-gauie, 
made  double  at  the  upper  part,  oontainiiig  about  4Utl  aper- 
tures to  the  square  inch.  The  tube  for  supplying  oil  to 
the  reservoir  reaches  nearly  to  the  bottom  of  the  latter, 
while  the  wick  admits  of  being  trimmed  by  a  beat  wire 
passing  with  friution  through  a  small  lube  in  the  body  of 
the  lamp ;  the  flame  can  tlius  be  kept  burning  for  any 
length  of  time,  without  the  necessity  of  unscrewing  tho 
cage.  When  this  lamp  is  taken  into  an  explosive  atmos- 
phere, although  the  lire-damp  may  burn  within  the  cage 

with  such  energy  as  SOI      ■         ■     •  ■  

to  dull  redness,  the  dau 
ture  on  the  outside. 

These  effects  may  be  conueaiently  studied  by  suspending 
the  lamp  in  a  large  glass  jar,  and  gradually  admitting  coal- 
gas  below.    The  oil-fiame  is  at  first  elongated,  and  then, 
as  the  proportion  of  gaa  increases,  extinguished,  while 
I  the  interior  of  the  gauze  cylinder  becomes  filled  with  the 

burning  mixture  of  gas  and  air.     As  the  atmosphere  be- 
comes purer,  the  wick  is  once  more  reliKhled.     These  ap- 
pearances are  so  remarkable  that  the  lamp  becomes  an 
admirable  indicator  of  the  slate  of  the  air  in  different  parts 
of  the  mine." 
The  same  principle  is  ingeniously  applied  in  the  oonatrnclion  of  [lem- 
ming's Qxyhydrogen  aafety-jet  already  mentioned.     This  is  a  lube  of  brass 
about  four  inches  long,  filled  with  straight  pieces  of  fine  brass  wire,  the 
whole  being  tightly  wedged  together  by  a  pointed  rod,  forcibly  driven 
into  the  centre  of  Ihe  bundle.     The  arrangement  thus  presents  a  series 

•  Thlt  li  the  true  uie  of  the  l»mp.  rnmely,  to  permit  the  viewer  oriupf  rlntenilent, 

Gp  .low  to  upDCHr.  Owners  of  C0Jil-nilnei''ihouid"be  conuwIJeil'elTher  to  'hOopi 
ellleienl  metiu  o(  veuillMlon,  or  to  clo»o  worklagi  0(  this  Utagerous  obaracter 
allege  I  her 
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of  metallio  tubes,  very  long  in  proportion  to  their  di-  Fig,  120. 

ameter,  the  cooling  powers  of  which  are  so  great  as  to 
prevent  the  possibility  of  the  passage  of  flame,  even  with 
oxygen  and  hydrogen.  The  jet  may  be  used,  as  before 
mentioned,  with  a  common  bladder,  without  the  chance 
of  explosion.  The  fundamental  fact  of  flame  being  ex- 
tinguished by  contact  with  a  cold  body,  may  be  strikingly 
shown  by  twisting  a  copper  wire  into  a  short  spiral,  about 
0.1  in.  in  dianaeter,  and  then  passing  it  cold  over  the  flame 
of  a  wax  candle ;  the  latter  is  extinguished.  If  the 
spiral  be  now  heated  to  redness  by  a  spirit  lamp,  and  the 
experiment  repeated,  no  such  effect  follows. 

Compound  of  Carbon  and  Nitrogen,     Cy an o gen. 

When  a  stream  of  air  is  passed  over  a  mixture  of  char- 
coal and  potassium  carbonate  kept  at  a  bright  red  heat, 
the  nitrogen  of  the  air  unites  with  the  carbon  and  the 
potassium,  forming  a  compound  called  potassium  cyanide, 
containing  39  parts  of  potassium,  12  of  carbon,  and  14 
of  nitrogen,  and  represented  by  the  formula  KCN.  It  is 
a  crystalline  salt,  which  dissolves  easily  in  water,  and  decomposes  mercuric 
oxide,  forming  potassium  hydrate  and  mercuric  cyanide  : — 


2KCN     +     H,0    +     HgO    : 
PotAssium       Water.       Mercuric 
cyanide.  oxide. 


2KH0     +     HgCjN, 
PotasBium         Mercuric 
hydroxide.         cyauide. 


Now,  when  dry  mercuric  cyanide,  which  is  a  white  crystalline  sub- 
stance, is  strongly  heated  in  a  glass  tube,  fitted  up  like  that  used  for  the 
evolution  of  oxygen  from  mercuric  oxide  (p.  121),  it  splits  up,  like  the  oxide, 
into  metallic  mercury,  and  a  gaseous  body  called  cyanogen,  containing 
12  parts  by  weight  of  carbon  and  14  of  nitrogen,  and  represented  by  the 
formula  CN.  It  must  be  collected  over  mercury,  as  it  is  rapidly  absorbed 
by  water. 

Cyanogen  is  a  colorless  gas,  having  a  pungent  and  very  peculiar  odor, 
remotely  resembling  that  of  peach-kernels.  Exposed  while  at  the  tem- 
perature of  7.20  C.  (450  F.)  to  a  pressure  of  3.6  atmospheres,  it  condenses 
to  a  thin,  colorless,  transparent  liquid.  It  is  Inflammable,  and  burns  with  a 
beautiful  purple  or  peach-blossom-colored  flame,  generating  carbon  dioxide 
and  liberating  nitrogen.  Its  specific  gravity  is  1.801  referred  to  air,  or  26 
referred  to  hydrogen  as  unity.  One  volume  of  it  exploded  with  2  vols, 
oxygen  yields  1  vol.  nitrogen  and  2  vols,  carbon  dioxide.  Now,  the 
weights  of  equal  volumes  of  cyanogen,  nitrogen,  and  carbon  dioxide  are 
as  26 :  14 :  22.  Consequently,  26  parts  by  weight  of  cyanogen  yield  by 
combustion  14  parts  of  nitrogen  and  44  parts  of  carbon  dioxide,  containing 
12  parts  of  carbon  ;  or  26  cyanogen  ass  12  carbon  -f-  14  nitrogen. 

Water  dissolves  4  or  5  times  its  volume  of  cyanogen  gas,  and  alcohol  a 
much  larger  quantity :  the  solution  rapidly  decomposes,  yielding  ammo- 
nium oxalate,  a  brown  insoluble  matter,  and  other  products. 

Cyanogen  unites  (though  not  directly)  with  hydrogen,  forming  the  very 
poisonous  compound  called  hydrocyanic  or  prussic  acid;  and  with 
metals,  forming  compounds  called  cyanides,  analogous  in  composition 
and  character  to  the  chlorides,  iodides,  bromides,  etc.  In  short,  this  group 
of  elements,  represented  by  the  formula  CN,  combines  with  elementary 
bodies,  and  is  capable  of  passing  from  one  state  of  combination  to  another, 
just  as  if  it  were  itself  an  elementary  body.  Such  a  group  of  elements  is 
called  a  compound  radicle.     We  have  already  had  occasion  to  notice 
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another  snch  groap,  viz.,  ammonium,  NH^.  Cyanogen,  however,  is  analo- 
gous in  its  chemical  relations  to  the  non-metallic  elements,  chlorine,  bro- 
mine, oxygen,  etc. ;  whereas  ammonium  is  a  quasi-metal  analogous  to 
potassium,  etc. 

The  compounds  of  cyanogen  will  be  further  oonsidered  under  Organic 
Chemistry. 


Atomic  weight,  85.6.    Sjmbol,  GL 

This  substance  is  a  member  of  a  very  important  natural  group,  contain- 
ing also  iodine,  bromine,  and  fluorine.  So  great  a  degree  of  resemblance 
exists  between  these  bodies  in  all  their  chemical  relations,  especially  be- 
tween chlorine,  bromine,  and  iodine,  that  the  history  of  one  will  almost 
serve,  with  a  few  little  alterations,  for  that  of  the  rest.  On  account  of  the 
occurrence  of  chlorine,  bromine,  and  iodine  in  sea-water,  the  elements  of 
this  group  are  called  halogen-elements,  and  their  metallic  compounds, 
haloid  compounds.* 

Chlorine  is  a  very  abundant  substance :  in  common  salt  it  exists  in  com- 
bination with  sodium.  It  is  most  easily  prepared  by  jwuring  strong  hydro- 
chloric acid  upon  finely  powdered  black  oxide  of  manganese  (MnO,)  con- 
tained in  a  retort  or  flask  (fig.  121),  and  applying  a  gentle  heat ;  a  heavy 
yellow  gas  is  disengaged,  which  is  the  substance  in  question. 

It  may  be  collected  over  warm  water,  or  by  displacement :  the  mercurial 
trough  cannot  be  employed,  as  the  chlorine  rapidly  acts  upon  the  metal, 
and  becomes  absorbed. 

The  reaction  consists  in  an  interchange  between  the  2  atoms  of  oxygen 
of  the  manganese  dioxide  and  4  atoms  of  chlorine  from  the  hydrochloric 
acid,  the  oxygen  uniting  with  the  hydrogen  to  form  water,  while,  of  the 
chlorine,  one-half  unites  with  the  manganese,  forming  a  chloride,  MnCl,, 
and  the  other  half  is  given  off  as  gas  : — 

MnO,  +  4HC1  =  2H,0  +  MnCl,  +  CI,. 

The  same  process  is  used  for  the  preparation  of  chlorine  on  the  manu- 
facturing scale,  the  hydrochloric  acid  which  is  evolved  in  large  quantities 
by  heating  common  salt  with  sulphuric  acid,  in  Leblanc's  soda-process, 
being  utilized  for  the  purpose. 

The  waste-liquor  obtained  in  the  chlorine  manufacture  consists  of  an 
impure  solution  of  manganous  chloride,  MnCl2,  from  which  the  manganese 
may  be  separated  by  an  alkali  in  the  form  of  manganous  oxide,  MnO. 
But  to  render  the  manganese  thus  precipitated  again  available  for  the 
production  of  chlorine,  it  must  first  be  brought  to  the  state  of  dioxide, 
and  this  may  be  eff'ected  by  mixing  the  manganese  liquor  with  an  excess 
of  hot  milk  of  lime,  or  magnesia,  and  blowing  hot  air  through  tlie  mix- 
ture. By  this  means,  a  compound  of  manganese  dioxide  with  lime  or 
magnesia,  6.^.,  CaO.MnO,,  or  CaMnO,,  called  calcium  or  magnesium 
manganite,  is  formed,  which,  when  heated  with  hydrochloric  acid, 
gives  off  chlorine  in  the  manner  above  described.  This  is  Weldon's  pro- 
cess for  the  regeneration  of  manganese,  which  is  now  largely  used  both  in 
England  and  on  the  Continent. 

From  A\Ct  tlie  sea. 
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A  proc<»s  for  the  separation  of  chlorine  from  hj- 

drochloric  a<!id,  without  the  use  of  any  manganese 

couipound,  has  been  introduced  by  Mr.  H.  Deacon. 

It  consists  in  passing  a  mixture  of  hydrochloric  acid 

gas  and  oxygen,  or  air,  over  cuprio  sulphate  or  other 

cupric  salt  heated  to  370-40()O  c.  (6'98-7520  p.),  the 

hydrochloric  acid  being  then  decomposed,  its  hydro- 
gen combining  with  the  oxygen,  and  the  chlorine 

being  set  free.  The  best  way  of  conducting  the  pro- 
cess is  to  pass  the  mixed  gases  over  pieces  of  brick 
soaked  in  solution  of  cupric  sulphate  and  dried. 
The  action  of  the  copper  salt  is  not  well  understood, 
bnt  appears  to  belong  to  that  class  of  phenomena 
called  catalytic  or  contact  actions.  Other  metallic 
salts  act  in  a  similar  way,  but  less  completely. 

Chlorine  is  a  yellow  gaseous  body,  of  intolerably 
suffocating  properties,  producing  very  violent  cough 
and  irritation  when  inhaled,  even  in  exceedingly 
small  quantity.  It  is  soluble  to  a  considerable  ex- 
tent in  water,  that  liquid  absorbing  at  15. 50  about 
twice  its  volume,  and  acquiring  the  color  and  odor 
of  the  gas.  When  this  solution  is  exposed  to'  light, 
it  is  slowly  changed,  by  decomposition  of  water,  into 
hydrochloric  acid,  the  oxygen  being  at  the  same  time 
liberated.  When  moist  chlorine  gas  is  exposed  to  a  cold  of  (P,  yellow 
crystabi  are  formed,  which  consist  of  a  definite  compound  of  chlorine  and 
water  containing  35.5  parts  of  the  former  to  90  of  the  latter. 

Chlorine  has  a  specific  gravity  of  2.47 ;  a  litre  of  it  weighs  3.17344  grams  • 
exposed  to  a  pressure  of  about  four  atmospheres,  it  condenses  to  a  yellow 
lunpid  liquid.  "^ 

Chlorine  has  but  little  attraction  for  oxygen,  its  energies  being  princi- 
pally exerted  towards  hydrogen  and  the  metals.  A  lighted  taper  plunired 
into  the  gas  continues  to  burn  with  a  dull-red  light,  and  emits  a  large 
quantity  of  smoke,  the  hydrogen  of  the  wax  being  alone  consumed, 
and  the  carbon  separated.  If  a  piece  of  paper  be  wetted  with  oil  of 
turpentine,  and  thrust  into  a  bottle  filled  with  chlorine,  the  chemical 
a^ion  of  the  latter  upon  the  hydrogen  is  so  violent  as  to  cause  inflamma- 
tion, accompanied  by  a  copious  deposit  of  soot.  Chlorine  may,  by  indirect 
means,  be  made  to  combine  with  carbon  ;  but  this  combination  never  oc- 
curs under  the  circumstanc(:*s  described. 

Phosphorus  takes  fire  spontaneously  in  chlorine,  burning  with  a  pale 
and  feebly  luminous  flame.  Several  of  the  metals,  as  copper-leaf,  pow- 
dered antimony,  and  arsenic,  undergo  combustion  in  the  same  manner. 
A^  mixture  of  equal  measures  of  chlorine  and  hydrogen  explodes  with 
violence  on  the  passage  of  an  electric  spark,  or  on  the  application  of  a 
lighted  taper,  hydrochloric  acid  gas  being  formed.  Such  a  mixture  may 
be  kept  in  the  dark  for  any  length  of  time  without  change :  exposed  to 
diffuse  daylight,  the  two  gases  slowly  unite,  while  the  direct  rays  of  the 
Bun  induce  instantaneous  explosion. 

The  most  chara<;teristic  property  of  chlorine  is  its  bleaching  power  ;  the 
most  stable  organic  coloring  principles  are  instantly  decomposc^d  and  de- 
stroyed by  this  remarkable  agent:  indigo,  for  example,  which  resists  the 
action  of  strong  oil  of  vitriol,  is  converted  by  chlorine  into  a  brownish 
Bubstanc/e,  to  which  the  blue  color  cannot  be  restored.  The  presence  of 
water  is  essential  to  these  changes,  for  the  gas  in  a  state  of  perfect  dryness 
is  incapable  even  of  affecting  litmus. 

Chlorine  is  largely  used  in  the  arts  for  bleaching  linen  and  cotton  goods, 
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rags  for  the  manufacture  of  paper,  etc.  For  these  purx)oses,  it  is  employed, 
sometimes  in  the  state  of  gas,  sometimes  in  that  of  solution  in  water,  but 
more  frequently  in  combination  with  lime,  forming  the  substance,  called 
bleaching-powder.  It  is  also  one  of  the  best  and  most  potent  substances 
that  can  be  used  for  the  purpose  of  disinfection,  but  its  employment  re- 
quires care.  Bleaching-powder  mixed  with  water,  and  exposed  to  the  air 
in  shallow  vessels,  becomes  slowly  decomposed  by  the  carbonic  acid  of  the 
atmosphere,  and  the  chlorine  is  evolved :  if  a  more  rapid  disengagement 
be  wished,  a  little  acid  of  any  kind  may  be  added.  In  the  absence  of 
bleaching-powder,  either  of  the  methods  for  the  production  of  the  ga«  de- 
scribed may  be  had  recourse  to,  always  taking  care  to  avoid  an  excess  of 
acid. 

Hydrogen  Chloride,  or  Hydrochloric  Acid,  HCl ;  also  called  Chlor- 
hydric  and  Muriatic  Acid, — ^This  substance,  in  a  state  of  solution  in  water, 
has  long  been  known.  The  gas  is  prepared  with  the  utmost  ease  by  heating, 
in  a  flask  fitted  with  a  cork  and  bent  tube,  a  mixture  of  common  salt  and 
oil  of  vitriol  diluted  with  a  small  quantity  of  water ;  it  must  be  collected 
by  displacement,  or  over  mercury.  It  is  a  colorless  gas,  which  fumes 
strongly  in  the  air  from  condensing  the  atmospheric  moisture ;  it  has  an 
acid,  suffocating  odor,  but  is  much  less  offensive  than  chlorine.  Exposed 
to  a  pressure  of  40  atmospli^res,  it  liquefies. 

Hydrochloric  acid  gas  has  a  density  of  1.269  compared  with  air,  or  18.25 
compared  with  hydrogen  as  unity.  It  is  exceedingly  soluble  in  water, 
that  liquid  taking  up,  at  the  temperature  of  the  air,  about  418  times  its 
bulk.    The  gas  and  solution  are  powerfully  acid. 

The  action  of  sulphuric  acid  on  common  salt,  or  any  analogous  substance, 
is  explained  by  the  equation, 

2NaCl  +  HjSO^  =  NajSO^  +  2Ha. 

The  composition  of  hydrochloric  acid  may  be  determined  by  synthesis  : 
when  a  measure  of  chlorine  and  a  measure  of  hydrogen  are  fired  by  the 
electric  spark,  two  measures  of  hydrochloric  acid  gas  result,  the  combina- 
tion being  unattended  by  change  of  volume.  •  By  weight  it  contains  35.5 
parts  of  chlorine  and  1  part  of  hydrogen. 

Solution  of  hydrochloric  acid,  the  liquid  acid  of  commerce,  is  a  very  im- 
portant preparation,  and  of  extensive  use  in  chemical  pursuits :  it  is  best 
prepared  by  the  following  arrangement : — 

A  large  glass  flask,  containing  a  quantity  of  common  salt,  is  fitted  with 
a  cork  and  bent  tulje,  in  the  manner  represented  in  fig.  122;  this  tube 
passes  through  and  below  a  second  tube  into  a  wide-necked  bottle,  con- 
taining a  little  water,  into  which  the  open  tube  dips.  A  bent  tube  is 
adapted  to  another  hole  in  the  cork  of  the  wash-bottle,  so  as  to  convey  the 
purified  gas  into  a  quantity  of  distilled  water,  by  which  it  is  instantly 
absorbed :  the  joints  are  made  air-tight  by  melting  a  little  yellow  wax 
over  the  corks. 

A  quantity  of  sulphnrio  acid,  about  equal  in  weight  to  the  salt,  is  then 
slowly  introduced  by  the  funnel ;  the  disengaged  gas  is  at  first  wholly 
absorbed  by  the  water  in  the  wash-bottle,  but  when  this  becomes  saturated, 
it  passes  into  the  second  vessel,  and  there  dissolves.  Wlien  all  the  acid 
has  been  added,  heat  may  be  applied  to  the  fiask  by  a  charcoal  chauffer, 
until  its  contents  appear  nearly  dry,  and  the  evolution  of  gas  almost  ceases, 
when  the  process  may  be  stopped.  As  much  heat  is  erivon  out  during  the 
condensation  of  the  gas,  it  is  necessary  to  surround  the  condensing  vessel 
with  cold  water. 

The  simple  wash-bottle,  shown  in  figure  122,  will  Ik»  found  an  exceed- 
ingly useful  contrivance  in  a  great  number  of  chemical  operations.     It 


emp\ojed  when  a  gas  or  ftny  kind  is  to  be  passed  throngh  on  alkaline  or 
other  £olDtion.     The  open  tabe  dipping  into  the  liquid  preventB  the  crea- 
tion of  a  partial  vacuum  by  absorption,  and  the  liquid  of  the  second 
vessel  from  being  driven  into  the  first.  Fig,  ]is. 

The  arrangement  by  wliich  the  acid  is  introduced  also  deaerres* 
a  moment's  notice  (llg.  123).  The  tube  la  bent  twice  upon  itself, 
and  a  bulb  blown  in  one  portion ;  the  liquid  poured  into  the  Tun- 
nel riaes  upon  the  opposite  side  of  the  first  bond  until  it  reaches 
tbo  second ;  it  then  ttows  over  and  runs  into  the  flask.  Anj 
qnantity  can  Iben  be  got  into  the  latter  without  the  introduction 
of  air,  and  without  the  escape  of  gun  from  the  interior.  The  fun- 
nel acts  also  as  a  kind  of  safety-valve,  and  in  both  directiona  ;  for 
if  by  any  chance  the  delivery-tube  should  be  stopped,  and  the 
issue  of  gas  prevented,  its  increased  elastic  force  soon  drives  the 
little  column  of  liquid  oDt  of  the  tube,  the  gas  escapes,  and  the 
Tessel  is  saved.  On  the  other  hand,  any  absorption  within  is 
qnickly  compensated  by  the  entrance  of  air  through  the  liquid  in 
the  bulb. 

The  plan  employed  on  the  large  scale  by  the  mann facto rer  is 
the  same  in  principle  ns  that  descri1>ed  ;  he  merely  substitutes  a 
large  iron  cylinder,  or  apparatus  made  of  luad,  for  the  flaak,  and 
vessels  of  stoneware  for  those  of  glass. 

Pure  solution  of  hydrochloric  acid  is  transparent  and  colorless  :  when 
strong  it  fames  in  the  air  tiy  evolving  a  little  gas.     It  leaves  no  residue  on 
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eraporation,  and  gives  no  precipitate  or  opacity  with  diluted  solution  of 
barium  chloride.  When  saturated  with  the  gas,  it  has  a  specific  gravity 
of  1.21,  and  contains  about  42  per  cent,  of  real  acid.  The  commercial  acid 
which  is  obtained  in  immense  quantity  as  a  secondary  product  in  the  manu- 
facture of  sodium  sulphate  by  the  action  of  sulphuric  acid  upon  common 
salt,  has  usually  a  yellow  color,  and  is  very  impure,  containing  salts,  sul- 
phuric acid,  chloride  of  iron,  and  organic  matter.  It  may  be  rendered  suf- 
ficiently pure  for  most  purposes  by  diluting  it  to  the  density  of  1.1,  which 
happens  when  the  strong  acid  is  mixed  with  its  own  bulk,  or  rather  less, 
of  water,  and  then  distilling  it  in  a  retort  furnished  with  a  Liebig's 
condenser. 

On  distilling  an  aqueous  solution  of  hydrochloric  acid,  an  acid  is  pro- 
duced, boiling  at  lllP  C.  (23UO  F.),  which  contains  20.22  per  cent,  of 
anhydrous  hydrochloric  acid  :  a  more  concentrated  solution,  "when  heated, 
gives  off  hydrochloric  acid  gas ;  a  weaker  solution  loses  water.  Roscoe 
and  Dittmar  have  proved  that  the  composition  of  the  distillate  varies  with 
the  atmospheric  pressure  ;  it  cannot,  therefore,  be  viewed  as  a  chemical 
compound. 

A  crystalline  hydrate  of  hydrochloric  acid,  having  the  composition 
HC1.2HjO,  is  formed  by  passing  a  stream  of  nearly  dry  hydrochloric  acid 
gas  through  the  concentrated  aqueous  acid  cooled  by  a  freezing  mixture  to 
—  220  C.  ( — 7.eo  F.).  The  crystals  decompose  rapidly  in  the  air,  emit- 
ting white  fumes  ;  they  dissolve  very  quickly  in  water  at  ordinary  tempe- 
ratures ;  very  slowly  at  — 18©  C.  ( —  0.4  F.) 

Mixtures  of  snow  and  hydrochloric  acid  form  very  powerful  and  econo- 
mical refrigerants.  With  two  parts  of  snow  and  1  part  of  the  acid  a  lower- 
ing of  temperature  to  —  320  c.  ( —  25. GO  F.)  is  readily  obtained.* 

Nitro-hydrocJtloric  Add, — A  mixture  of  nitric  and  hydrochloric  acid  has 
long  been  known  under  the  name  of  a^ua  regia,  from  its  property  of  dis- 
solving gold.  When  these  two  substanc^ss  are  heated  together,  they  both 
undergo  decomposition,  nitrogen  tetroxide  and  chlorine  being  evolved. 
This,  at  least,  appears  to  be  the  final  result  of  the  action :  at  a  certain 
stage,  however,  two  peculiar  substances,  consisting  of  nitrogen,  oxygen, 
and  chlorine  (chloronitrio  acid  gas,  NOCl,,  and  chloronitrous  gas,  NOCl), 
appear  to  be  formed.     It  is  only  the  chlorine  which  attacks  the  metal. 

The  p^ence  of  hydrochloric  acid,  or  any  other  soluble  chloride,  is  easily 
detected  by  solution  of  silver  nitrate.  A  white  curdy  precipitate  is  pro- 
duced, insoluble  in  nitric  acid,  freely  soluble  in  ammonia,  and  subject  to 
blacken  by  exposure  to  the  light. 

Oxides  and  Oxyacids  of  Chlorine. 

There  are  four  oxyacids  of  chlorine,  which  may  be  regarded  as  oxides  of 

hydrochloric  acid  :  thus — 

CoinpoBltion  by  weight 

Formula.  Hydrogen.  Chlorine.  Oxygen. 

Hydrochloric  acid,         HCl  1  '     +  35.5 

Ilypochlorous  acid,       HCIO  1        +  35.5  +         lb 

Chlorous  acid,                HCIO,  1          f  35.5  +         32 

Chloric  acid,                   HClOg  1          h  35.5  +         48 

Perchloric  acid,             KCIO4  1        +  35.5  +         ^ 

The  anhydrous  chlorine  oxides  corresponding  with  hypochlorous  and 
chlorous  acids  are  also  known^  namely — 

•  Pierre  and  Puchot,  OompteB  rendus,  Ixxxll.  46. 
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Chlorine.  Chlorine.              Oxygen. 

Chlorine  monoxide,  or  Hypo-  )orr          i  35  5  1          ig 

chlorous  oxide,  C1,0      .     .  j"          "             ""  *  • 

Chlorine  trloxide,  or  Chlorous  5      35  5          1  35  5  1          40 

oxide,  Cl^O, )  "*  '  ' 

Alao,  an  oxide  to  which  there  is  no  corresponding  acid,  namely — 

Chlorine.  Oxygen. 

Chlorine  tetroxide,  CI5O4      .        .        •    2  x  35.5      +       G4 

The  oxides  corresponding  with  chloric  and  perchloric  acid  have  not  been 
obtained. 

Hypochlorons  and  chloric  acids  are  produced  by  the  action  of  chlorine 
on  certain  metallic  oxides  in  presence  of  water  ;  hypochlorous  and  chlorous 
acids  also  by  direct  oxidation  of  hydrochloric  acid.  Perchloric  acid  and 
chlorine  tetroxide  result  from  the  decomposition  of  chloric  acid. 

HypoohlorouB  Oxide,  Aoid,  and  Salts. — ^The  oxide  is  best  prepared 
by  the  action  of  chlorine  gas  upon  dry  mercuric  oxide.  This  oxide,  pre- 
I>ared  by  precipitation,  and  dried  by  exposure  to  a  strong  heat,  is  intro- 
duced into  a  glass  tube  kept  cool,  and  well-washed  dry  chlorine  gas  is 
slowly  passed  over  it.  Mercuric  chloride  (HgClj)  and  hypochlorous  oxide 
are  thereby  formed  ;  the  latter  is  collected  by  displacement.  The  reaction 
by  which  it  is  produced  is  represented  by  the  equation, 

2HgO  +  CI4  =  Cl^O  +  HgClj. 

The  mercuric  chloride,  however,  does  not  remain  as  such ;  it  combines 
with  another  portion  of  the  oxide  when  the  latter  is  in  excess,  forming  a 
peculiar  brown  compound,  an  oxychloride  of  mercury,  HgClg.HgO.  It  is 
remarkable  that  the  crystalline  mercuric  oxide  prepared  by  calcining  the 
nitrate,  or  by  the  direct  oxidation  of  the  metal,  is  scarcely  acted  upon  by 
chlorine  under  the  circumstances  described. 

Hypochlorous  oxide  is  a  pale-yellow  gaseous  body,  containing,  in  every 
two  measures,  two  measures  of  chlorine  and  one  of  oxygen,  and  is  there- 
fore analogous  in  constitution  to  water.  It  explodes,  although  with  no 
great  violence,  by  slight  elevation  of  temperature.  Its  odor  is  peculiar, 
and  quite  different  from  that  of  chlorine.  When  the  flask  or  bottle  in 
which  the  gas  is  received  is  exposed  to  artificial  cold  by  the  aid  of  a  mix- 
ture of  ice  and  salt,  the  hypochlorous  oxide  condenses  to  a  deep-red  liquid, 
slowly  soluble  in  water,  and  very  subject  to  explosion. 

Hypochlorous  acid  is  produced  by  the  solution  of  hypochlorous  oxide  in 
water :  also  by  passing  air  saturated  with  hydrochloric  acid  gas  through 
a  solution  of  potassium  permanganate  acidulated  with  hydrochloric  acid 
and  heated  in  a  water-bath :  the  distillate  is  a  solution  of  hyi)ochlorou8 
acid,  formed  by  oxidation  of  the  hydrochloric  acid  ;  thirdly,  by  decompos- 
ing a  metallic  hypochlorite  with  sulphuric  acid  or  other  oxacid  ;  fourthly, 
by  passing  chlorine  gas  into  water  holding  in  suspension  a  solution  con- 
taining metallic  oxides,  hydroxides,  carbonates,  sulphates,  phosphates, 
etc.,  the  most  advantageous  for  the  purpose  being  mercuric  oxide,  or  cal- 
cium carbonate  (chalk),  CaCOg,  the  products  in  this  case  being  carbon 
dioxide,  calcium  chloride,  and  hypochlorous  acid  : 

CaCO,  +  H,0  +  CI4  »  CO,  -t-  CaCl,  +  2nC10. 

The  aqueous  solution  of  hypochlorous  acid  has  a  yellowish  color,  an  acid 
taste,  and  a  characteristic  sweetish  smell.     The  string  acid  decomposes 
rapidly  even  when  kept  in  ice.     The  dilute  acid  is  more  stable,  but  is  de- 
16 
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composed  hy  long  boiling  into  cLIoric  acid,  water,  chlorine,  and  oxygen. 
Ilydrochlorio  acid  decomposes  it,  with,  formation  of  clilorine : 

HCIO  +  HCl  =  H,0  +  a,. 

It  is  a  verj  powerful  bleaching  and  oxidizing  agent,  converting  many  of 
the  elements — iodine,  selenium,  and  arsenic,  for  example— into  their 
highest  oxides,  and  at  the  same  time  liberating  chlorine. 

Metallic  hypochlorites  may  be  obtained  in  the  pure  state  by  neutralizing 
hypochlorous  acid  with  metallic  hydroxides,  such  as  those  of  sodium,  cal- 
cium, copper,  etc. ;  but  they  arc  usually  prepared  by  passing  chlorine  gas 
into  solutions  of  alkalies  or  alkaline  carbonates,  or  over  the  dry  hydroxides 
of  the  earth-metals.  In  this  process  a  metallic  chloride  is  formed  at  the 
same  time.  With  dry  slaked  lime,  for  example,  which  is  a  hydroxide  of 
calcium,  CaH^Oj,  the  products  are  calcium  hypochlorite,  CaCl^O,}  calcium 
chloride,  and  water : 

2CaHaO,  ^01^  =  CaagOg  +  CaQg  +2HjO. 

The  salts  thus  obtained  constitute  the  bleaching  and  disinfecting  salts  of 
commerce.  They  will  be  more  fully  described  under  the  head  of  Calcium 
Salts. 

CMorooB  Oxide,  Acid,  and  Salts. — ^Tho  oxide  is  prepared  by  heat- 
ing in  a  flask  filled  to  the  neck,  a  mixture  of  four  parts  of  potassium  chlo- 
rate and  3  parts  of  arsenious  oxide  with  12  parts  of  nitric  acid  previously 
diluted  with  4  parts  of  water.  During  the  operation,  which  must  be 
performed  in  a  water-bath,  a  greenish-yellow  gas  is  evolved,  which  is 
permanent  in  a  freezing  mixture  of  ice  and  salt,  but  liquefiable  by  extreme 
cold.  It  dissolves  freely  in  water  and  in  alkaline  solutions,  forming  chlo- 
rous acid  and  metallic  chlorites.  The  reaction  by  which  chlorous  oxide  is 
formed  is  somewhat  complicated.  The  arsenious  oxide  deprives  the  nitric 
acid  of  part  of  its  oxygen,  reducing  it  to  nitrous  acid,  which  is  then  reox- 
idized  at  the  expense  of  the  chloric  acid,  reducing  it  to  chlorous  oxide : 


2HC103 

-f     2HN0-    =s    2nN03 

+ 

HgO 

+     CljO, 

Ohlorio 

Nitrous             Nitric 

OhlorouB 

sold. 

aoid.                   aciU. 

oxide. 

Odorous  Acid  may  be  prepared  by  condensing  chlorous  oxide  in  water, 
or  by  decomposing  a  metallic  chlorite  with  dilute  sulphuric  or  phosphoric 
acid.  Its  concentrated  solution  is  a  greenish-yellow  liquid,  having  strong 
bleaching  and  oxidizing  properties.  It  does  not  decompose  carbonates,  but 
acts  strongly  with  caustic  alkalies  and  earths  to  form  chlorites. 

Chlorine  Tetrozide,  Cl^O^. — ^When  x>otassium  chlorate  is  made  into  a 
paste  with  concentrated  sulphuric  acid,  and  cooled,  and  this  paste  is  very 
cautiously  heated  by  warm  water  in  a  small  glass  retort,  a  deep  yellow  gas 
is  evolved,  which  is  the  body  in  question  ;  it  can  be  collected  only  by  dis- 
placement, since  mercury  decomposes  and  water  absorbs  it. 

Chlorine  tetroxide  has  a  powerful  odor,  quite  different  from  that  of  the 
preceding  compounds,  and  of  chlorine  itself.  It  is  exceedingly  explosive, 
being  resolved  with  violence  into  its  elements  by  a  temperature  short  of 
the  boiling  point  of  water.  Its  preparation  is,  therefore,  always  attended 
with  danger,  and  should  be  performed  only  on  a  small  scale.  It  is  com- 
posed by  measure  of  one  volume  of  chlorine  and  two  volumes  of  oxygen, 
condensed  into  two  volumes.  It  may  be  liquefied  by  cold.  The  solution 
of  the  gas  in  water  bleaches. 

The  eucldorine  of  ©avy,  prepared  by  gently  heating  potassium  chlorate 
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with  dilute  hydrochloric  acid,  is  probably  a  mixture  of  chlorine  tetroxide 
aud  free  chlorine. 

Tlie  production  of  chlorine  tetroxide  from  potassium  chlorate  and  sul- 
phuric acid  depends  upon  the  apontaneou^i  splitting  of  the  chloric  acid  into 
chlorine  tetroxide  and  perchloric  acid,  which  latter  remains  as  a  potassium 
salt. 

GKCIO3  +  3H,S04  s=  2CljO^  +  2HC10,  +  3K,S0,  -f  2HgO. 
PotAssiuin     Hydrogen  Uydrogen     Potassium 

ehlorate.        sulphate.  perchlorate.    sulphate. 

When  a  mixture  of  potassium  chlorate  and  sugar  is  touched  with  a  drop 
of  oil  of  vitriol,  it  is  instantly  set  on  fire,  the  chlorine  tetroxide  disengaged 
being  decomposed  by  the  combustible  substance  with  such  violence  as  to 
cause  inflammation.  If  crystals  of  potassium  chlorate  be  thrown  into  a 
glass  of  water,  a  few  small  fragments  of  phosphorus  added,  and  then  oil 
of  vitriol  poured  down  a  narrow  funnel  reaching  to  the  bottom  of  the  glass, 
the  phosphorus  will  burn  beneath  the  surface  of  the  water,  by  the  assist- 
ance of  the  oxygen  of  the  chlorine  tetroxide  disengaged.  The  liquid  at 
the  same  time  becomes  yellow,  and  acquires  the  odor  of  that  gas. 

Chloric  Acid,  HCIO3. — This  is  the  most  important  compound  of  the 
series.  When  chlorine  is  passed  to  saturation  into  a  moderately  strong 
hot  solution  of  potassium  hydroxide  or  carbonate,  and  the  liquid  concen- 
trated by  evaporation,  it  yields,  on  cooling,  flat  tabular  crystals  of  a  color- 
less salt,  consisting  of  potassium  chlorate.  The  mother-liquor  contains 
iwtassium  chloride  i^- 

3KjO    +     a,    =    5Ka    -f     KClOj, 
Potassiuxa  Potassium      Potassium 

oxide.  chloride.         chlorate. 

From  potassium  chlorate,  chloric  acid  may  be  obtained  by  boiling  the 
salt  with  a  solution  of  hydrofluosilicic  acid,  which  forms  an  almost  in- 
soluble x)otasaium  salt,  decanting  the  clear  liquid,  and  digesting  it  with  a 
little  silica,  which  removes  the  excess  of  the  hydrofluosilicic  acid.  Filtra- 
tion through  paper  must  be  avoided. 

By  cautious  evaporation,  the  acid  may  be  so  far  concentrated  as  to 
assume  a  syrupy  consistence  ;  it  is  then  very  easily  decomposed.  It  some- 
times sets  fire  to  paper,  or  other  dry  organic  matter,  in  consequence  of  the 
facility  with  which  it  is  deoxidized  by  combustible  bodies. 

The  chlorates  are  easily  recognized  ;  they  give  no  precipitate  when  in 
solution  with  silver  nitrate  ;  they  evolve  pure  oxygen  when  heated,  pass- 
ing thereby  into  chlorides  ;  and  they  afl'ord,  when  treated  with  sulphuric 
add,  the  characteristic  explosive  yellow  gas  already  described.  The  dilute 
solution  of  the  acid  has  no  bleaching  power. 

Perchloric  Add,  HCIO^. — ^When  powdered  potassium  chlorate  is 
thrown  by  small  portions  at  a  time  into  hot  nitric  acid,  a  change  takes 
place  of  the  same  description  as  that  which  happens  when  sulphuric  acid 
is  used,  but  with  this  important  difference,  tliat  the  chlorine  and  oxygen, 
instead  of  being  evolved  in  a  dangerous  state  of  combination,  are  emitted 
in  a  state  of  mixture.  The  result  of  the  action  is  a  mixture  of  potassium 
nitrate  and  perchlorate,  which  may  be  readily  separated  by  their  difference 
of  solubility. 

Perchloric  acid  is  obtained  by  distilling  potassium  perchlorate  with  sul- 
phuric acid.  Pure  perchloric  acid  is  a  colorless  liquid,  of  1.782  sp.  gr.  at 
15.50  c.  (60O  F.),  not  solidifying  at  —  35©  C.  (—  310  F.);  it  soon  beoomes 
colored,  even  if  kept  in  the  dark,  and  after  a  few  weeks  decomposes  with 
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explosion.  The  vapor  of  perchloric  acid  is  transparent  and  colorless  :  in 
contact  with  moist  air,  it  produces  dense  white  fumes.  The  acid,  when 
cautiously  mixed  with  a  small  quantity  of  water,  solidities  to  a  crystalline 
mass,  which  is  a  compound  of  perchloric  acid  with  one  molecule  of  water, 
HCIO^  +  HgO.  When  brought  in  contact  with  carlx)n,  ether,  or  other 
organic  substances,  perchloric  acid  explodes  with  nearly  as  much  violence 
as  chloride  of  nitrogen. 

Compound  of  Chlorine  and  Nitrogen,  NCI,. — ^^Vhen  sal-ammoniao 
or  ammonia  nitrate  is  dissolved  in  water,  and  a  jar  of  chlorine  inverted  in 
the  solution,  the  gas  is  absorbed,  and  a  deep  yellow  oily  liquid  is  observed 
to  collect  upon  the  surface  of  the  solution,  ultimately  siuking  in  globules 
to  the  bottom.  This  is  nitrogen  chloride,  one  of  the  most  dangerously 
explosive  substances  known.  The  following  is  the  safest  method  of  con- 
ducting the  experiment : — 

A  somewhat  dilute  and  tepid  solution  of  pure  sal-ammoniac  in  distilled 
water  is  poured  into  a  clean  basin,  and  a  bottle  of  chlorine,  the  neck  of 
which  is  quite  free  from  grease,  inverted  in  it.  A  shallow  and  heavy 
leaden  cup  is  placed  beneath  the  mouth  of  the  bottle  to  collect  the  product. 
When  enough  has  been  obtained,  the  leaden  vessel  may  be  withdrawn 
with  its  dangerous  contents,  the  chloride  remaining  covered  with  a  stratum 
of  water.  The  operator  should  protect  his  face  with  a  strong  wire-gauze 
mask  when  experimenting  upon  this  substance. 

The  change  may  be  explained  by  the  equation — 

NH^a  +  6C1  =  NCI,  +  4IIC1. 

Nitrogen  chloride  is  very  volatile,  and  its  vapor  is  exceedingly  irritating 
to  the  eyes.  It  has  a  specific  gravity  of  1.653.  It  may  be  distilled  at  710 
C.  (16(P  F.),  although  the  exporimtmt  is  attended  with  great  danger. 
Between  93^  C.  (200©  F.)  and  105O  C.  (2210  F.)  it  explodes  with  the  most 
fearful  violence.  Contact  with  almost  any  combustible  matter,  as  oil  or 
fat  of  any  kind,  determines  the  explosion  at  common  temperatures :  a 
vessel  of  porcelain,  glass,  or  even  of  cast-iron,  is  broken  to  pieces,  and  the 
leaden  cup  receives  a  deep  indentation.  This  body  has  usually  been  sup- 
posed to  contain  nitrogen  and  chlorine  in  the  proportion  of  14  parts  of  the 
former  to  106.5  parts  of  the  latter,  but  recent  experiments  upon  the  cor- 
responding iodine  compound  (p.  188)  induce  a  belief  that  it  contains 
hydrogen.* 

Chlorine  and  Carbon. — Several  compounds  of  chlorine  and  carbon  are 
known,  namely,  C^Clj,  C^Cl,,  C^Clg,  and  CCI4.  They  are  obtained  indirectly 
by  the  action  of  chlorine  upon  certain  organic  compounds,  and  will  be  de- 
scribed under  Organic  Chemistry. 

The  Oxychloride  of  Carbon,  COClj,  called  also  Carhonyl  Chloride  and  Fhos- 
genCf  has  been  already  mentioned  (p.  164). 


BROBfflNXI. 

Atomio  weight,  80.    Symbol,  Br. 


BRovTREf  was  discovered  by  Balard  in  1826.     It  is  found  in  sea-water, 
and  is  a  frequent  constituent  of  saline  springs,  chiefly  as  magnesium  bro- 

♦  Inatend  of  NCI,,  It  mny  f n  reality  be  NHCl^  or  NH.CU 
t  From  /9piii|uec,  '^  noUonie  smell. 
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mde :  a  cele'braied  spring  of  the  kind  exists  near  Kreuznach,  in  Prussia. 
BTomine  may  be  obtained  pure  hy  the  following  process,  which  depends 
ilpon  tbe  fact  tbat  ether,  agitated  with  an  aqueous  solution  of  bromine, 
removes  tbe  greater  part  of  that  substance. 
\  Tbe  Tnoiber-Uq.uor,  from  which  the  less  soluble  salts  have  separated  hy 

I  crystaUization,  is  exposed  to  a  stream  of  chlorine,  and  then  shaken  up 

I  with  ether ;  the  chlorine  decomposes  the  magnesium  bromide,  and  the 

ether  dissolves  the  bromine  thus  set  free.  On  standing,  the  ethereal  solu- 
tion, baring  a  fine  red  color,  separates,  and  may  be  removed  by  a  funnel 
or  pipette.  Caustic  potash  is  then  added  in  excess,  and  heat  applied; 
bromide  and  bromate  of  potassium  are  formed.  The  solution  is  evaporated 
to  dryness,  and  the  saline  matter,  after  ignition  to  redness  to  decompose 
the  bromate,  is  heated  in  a  small  retort  with  manganese  dioxide  and  sul- 
phuric acid  diluted  with  a  little  water,  the  neck  of  the  retort  being  plunged 
into  cold  water.  The  bromine  volatilizes  in  the  form  of  a  deep  red  vapor, 
which  condenses  into  drops  beneath  the  liquid. 

Bromine  is  at  common  temperatures  a  thin  red  liquid  of  an  exceedingly 
:  intense  color,  and  very  volatile ;  it  freezes  at  about  — ^24.5°  C.  ( — 12.1^  F.) 

and  boils  at  630  C.  (1430  F.).  The  density  of  the  liquid  is  2.976,  and  that 
of  the  vapor  5.54  compared  with  air,  and  80  compared  with  hydrogen. 
Tbe  odor  of  bromine  is  very  suffocating  and  offensive,  much  resembling 
tbat  of  iodine,  but  more  disagreeable.  It  is  slightly  soluble  in  water,  more 
freely  in  alcohol,  and  most  abundantly  in  ether.  The  aqueous  solution 
bleaches. 

Hydrogen  Bromide,  or  Hydrobromlo  Acid,  IIBr. — This  substance 
bears  the  closest  resemblance  to  hydriodic  acid :  it  has  the  same  constitu- 
tion by  volume,  very  nearly  the  same  properties,  and  may  be  prepared  by 
means  exactly  similar,  substituting  the  one  body  fo^  the  other  (see  page 
186).  The  solution  of  hydrobromic  acid  has  also  the  power  of  dissolving 
a  large  quantity  of  bromine,  thereby  acquiring  a  red  tint.  Hydrobromic 
acid  contains  by  weight  80  parts  bromine  and  1  part  hydrogen. 

Bromic  Acid,  HBrO,. — Caustic  alkalies  in  presence  of  bromine  undergo 
the  same  change  as  with  chlorine,  a  metallic  bromide  and  bromate  being 
produced ;  these  may  be  separated  by  the  inferior  solubility  of  the  latter. 
Bromic  acid,  obtained  from  barium  bromate,  closely  resembles  chloric  acid  ; 
it  is  easily  decomposed.  The  bromates,  when  heated,  lose  oxygen  and 
become  bromides. 

A  hypobromoos  acid  corresponding  with  hypochlorous  acid  is  likewise 
known. 


IODINE. 

Atomic  weight,  127.    Symbol,  I. 


This  element  was  first  noticed  in  1812  by  M.  Courtois,  of  Paris.  Minute 
traces  are  found  in  combination  with  sodium  or  potassium  in  sea-water, 
and  occasionally  a  much  larger  proportion  in  that  of  certain  mineral  springs. 
It  seems  to  be  in  some  way  beneficial  to  many  marine  plants,  as  these 
latter  have  the  power  of  abstracting  it  from  the  surrounding  water,  and 
accumulating  it  in  their  tissues.  It  is  from  this  source  that  all  the  iodine 
of  commerce  is  derived.  It  has  lately  been  found  in  minute  quantity  in 
some  alominoaa  slates  of  Sweden,  and  in  several  varieties  of  coal  and  turf. 

16* 
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Kelpf  or  the  half-vitrified  ashes  of  sea-weeds,  prepared  by  the  inhabi- 
tants of  the  Western  Islands  and  the  northern  shores  of  Scotland  and 
Ireland,  is  treated  with  water,  and  the  solution  filtered.  The  liquid  is  then 
concentrated  by  evaporation  until  it  is  reduced  to  a  very  small  volume, 
the  sodium  chloride,  sodium  carbonate,  potassium  chloride,  and  other  salts 
being  removed  as  they  successively  crystallize.  The  dark-brown  mother- 
liquor  left  contains  very  nearly  the  whole  of  the  iodine,  as  iodide  of  sodium, 
magnesium,  etc. :  this  is  u^ixed  with  sulphuric  acid  and  manganese  dioxide, 
and  gently  heated  in  a  leaden  retort,  when  the  iodine  distils  over  and  con- 
denses in  the  receiver.  The  theory  of  the  operation  is  exactly  analogous 
to  that  of  the  preparation  of  chlorine  (p.  176) ;  in  practice,  however,  it 
requires  careful  management,  otherwise  the  impurities  present  in  the  so- 
lution interfere  with  the  general  result : 

MnO,  +  2KI  +  2HjS0^  =  2H.0  +  K,SO^  +  MnSO^  +  I,. 

The  manganese  is  not  absolutely  necessary  :  potassium  or  sodium  iodide, 
heated  with  an  excess  of  sulphuric  acid,  evolves  iodine.  This  effect  is  due 
to  a  secondary  action  between  the  hydriodio  acid  first  produced  and  the 
excess  of  the  sulphuric  acid,  in  which  both  sufifer  decomposition,  yielding 
iodine,  water,  and  sulphurous  acid. 

Iodine  crystallizes  in  plates  or  scales  of  a  bluish-black  color  and  imper- 
fect metallic  lustre,  resembling  that  of  plumbago  :  the  crystals  are  some- 
times very  large  and  brilliant.  Its  density  is  4.948.  It  melts  at  107^  C. 
(2250  F.),  and  boils  at  1750  C.  (3470  F.),  the  vapor  having  an  exceedingly 
beautiful  violet  color.*  It  is  slowly  volatile,  however,  at  common  tempe- 
ratures, and  exhales  an  odor  much  resembling  that  of  chlorine.  The 
density  of  the  vapor  is  8.716  compared  with  air,  127  compared  with  hydro- 
gen. Iodine  requires  for  solution  about  7000  parts  of  water,  which  never- 
theless acquires  a  brcyvn  color ;  in  alcohol  it  is  much  more  freely  soluble. 
Solutions  of  hydriodic  acid  and  the  iodides  of  the  alkali-metals  also  dissolve 
a  large  quantity :  these  solutions  are  not  decomposed  by  water,  which  is 
the  case  with  the  alcoholic  tincture. 

Iodine  stains  the  skin,  but  not  permanently ;  it  has  a  very  energetic 
action  upon  the  animal  system,  and  is  much  used  in  medicine. 

One  of  the  most  characteristic  properties 
p.    J21  o^  iodine  is  the  production  of  a  splendid 

blue  color  by  oontact  with  starch.  The 
iodine  for  this  purpose  must  be  free  or  nn- 
combined.  It  is  easy,  however,  to  make 
the  test  available  for  the  purpose  of  recog- 
nizing the  presence  of  the  element  in  ques- 
tion when  a  soluble  iodide  is  suspected  ;  it 
is  only  necessary  to  add  a  very  small  quan- 
tity of  chlorine-water,  when  the  iodine, 
being  displaced  from  combination,  becomes 
capable  of  acting  upon  the  starch. 

Hydrogen  Iodide,  or  Hydriodic 
Acid,  HI. — ^The  simplest  process  for  pre- 
paring hydriodio  acid  gas  is  to  introduce 
into  a  glass  tube,  sealed  at  once  extremity, 
a  little  iodine,  then  a  small  quantity  of 
roughly-powdered  glass  moistened  with 
water,  upon  this  a  few  fragments  cf  phos- 

*  Whenoe  the  name,  from  i^t,  violet-oolored* 
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phomfl,  and  lastly,  more  glass,  this  order  of  iodine,  glass,  phosphorus, 
glass,  being  repeated  until  the  tube  is  half  or  two-thirds  tilled.  A  cork 
and  narrow  beut  tube  are  then  fitted,  and  gentle  heat  applied.  The  gas 
is  best  ooUect^Kl  by  dis placement  of  air.  The  process  depends  on  the  lor- 
mation  of  an  iodide  of  piiosphorus  and  its  subsequent  decomposition  by 
water,  whereby  hydrogen  phosphite,  or  phosphorous  acid,  HsPO^,  and 
hydrogen  iodide  are  produced  :  F,  -h  !«  +  6H,0  =  6111  -f  2HftP0j.  The 
glass  merely  serves  to  moderate  the  Tiolence  of  the  action  of  the  iodine 
upon  the  phosphorus. 

Uydriodic  acid  gas  greatly  resembles  the  corresponding  chlorine  com- 
pound ;  it  is  colorless,  and  highly  acid ;  it  fumes  in  the  air,  and  is  very 
soluble  in  water.  Its  density  is  about  4.4  compared  with  air,  64  compared 
with  hydrogen.  By  weight,  it  is  composed  of  127  parts  iodine  and  1  part 
hydrogen  ;  and  by  measure  of  equal  yolumes  of  iodine  vapor  and  hydro- 
gen united  without  condensation. 

Solution  of  hydriodic  acid  may  be  prepared  by  a  process  much  less 
troublesome  than  the  above.  Iodine  in  tine  powder  is  suspended  in  water, 
and  a  stream  of  washed  hydrogen  sulphide  passed  through  the  mixture  ; 
sulphur  is  deposited,  and  the  iodine  converted  into  hydriodic  acid.  When 
the  liquid  has  become  colorless,  it  is  heated,  to  expel  the  excess  of  hydro- 
gen snlphide,  and  filtered.  The  solution  cannot  be  kept  long,  especially 
if  it  be  oonoentrated ;  the  oxygen  of  the  air  gradually  decomposes  the 
hydriodic  acid,  and  iodine  is  set  free,  which,  dissolving  in  the  remainder, 
communicates  to  it  a  brown  color. 


Compounds  of  Iodine  and  Oxygen, 

The  most  important  of  these  are  the  iodio  and  periodic  oxides. 

Gompofltlon  by  welfrht. 

i *- , 

Iodine.       Oxygen. 

Iodio  oxide,       I^O,     •        .        .    2     x     127    -f      80 
Periodic  oxide,  1,0,     •        .        .    2     X     127    +     112 

Both  these  are  acid  oxides,  uniting  with  water  and  metallic  oxides,  and 
forming  salts  called  iodates  and  periodates. 

Hydrogen  lodate,  or  Iodic  Acid,  Ufi.lfi^,  or  HlOg,  may  be  pre- 
pared by  the  direct  oxidation  of  iodine  with  nitric  acid  of  specific  gravity 
1.5.  Five  parts  of  dry  iodine  with  200  parts  of  nitric  acid  are  kept  at  a 
boiling  temperature  for  several  hours,  or  until  the  iodine  has  disappeared. 
The  solution  is  then  cautiously  distilled  to  dryness,  and  the  residue  dis- 
solved in  water  and  made  to  crystallize. 

Iodic  acid  is  a  very  soluble  substance,  crystallizing  in  colorless  six-sided 
tables.  At  107^  it  is  resolved  into  water  and  iodic  oxide,  which  forms 
tabular  rhombic  crystals,  and  when  heated  to  the  temperature  of  boiling  olive 
oil,  is  completely  resolved  into  iodine  and  oxygen.  The  solution  of  iodic  acid 
is  readily  deoxidized  by  sulphurous  acid.  The  iodates  much  resemble  the 
chlorates  :  that  of  potassium  is  decomposed  by  heat  into  potassium  iodide 
and  oxygen  gas. 

Hydrogen  Periodate,  or  Periodic  Acid,  H^CIjO^,  or  HIO,. — ^When 
solution  of  sodium  iodate  is  mixed  with  caustic  soda,  and  a  current  of 
chlorine  passed  through  the  liquid,  two  salts  are  formed — namely,  sodium 
chloride  and  a  sparingly  soluble  compound  of  sodium  periodate  with 
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sodium  hydroxide  and  water,  NalO^.NaHO.H,0,  or  NayHJO^,  the  reaction 
taking  place  as  represented  by  the  equation— 

NalO,  4-  3NaH0  +  CI,  =  2NaCl  +  Na,H,IOe. 

This  sodium  salt  is  separated,  converted  into  a  silver  salt,  and  dissolved 
in  nitric  acid  :  the  solution  yields,  on  evaporation,  crystals  of  yellow  silver 
periodate,  from  which  the  acid  may  be  separated  by  the  action  of  wat^r, 
which  resolves  the  salt  into  free  acid  and  an  insoluble  basic  periodate. 

Periodic  acid  crystallizes  from  its  aqueous  solution  in  deliquescent  ob- 
lique rhombic  prisms,  which  melt  at  130O  C.  (266^  F.))  and  are  resolved 
at  17(P  C.  (33^  F.)  into  water  and  a  white  mass  of  periodic  oxide,  which 
at  180O  or  190O  C.  (36G-374P  F.)  gives  off  oxygen  with  great  rapidity,  and 
iodic  oxide. 

The  solution  of  periodic  acid  is  reduced  by  many  organic  substances, 
and  instantly  by  hydrochloric  acid,  sulphurous  acid,  and  hydrogen  sul- 
phide. With  hydrochloric  acid  it  forms  water,  iodine  chloride,  and  free 
chlorine.  The  metallic  periodates  are  resolved  by  heat  into  oxygen  and 
metallic  iodide. 

ComponndB  of  Iodine  and  Nitrogen. — When  finely  powdered  iodine 
is  put  into  caustic  ammonia,  it  is  in  part  dissolved,  giving  a  deep-brown 
solution,  and  the  residue  is  converted  into  a  black  powder,  called  nitro- 
gen iodide,  NI,.  The  brown  liquid  consists  of  hydr iodic  acid  holding 
iodine  in  solution,  and  is  easily  separated  from  the  solid  product  by  a  filter. 
The  latter,  while  still  wet,  is  distributed  in  small  quantities  upon  sepa- 
rate pieces  of  bibulous  paper,  and  left  to  dry  in  the  air. 

Nitrogen  iodide  ia  a  black  insoluble  powder,  which,  when  dry,  explodes 
with  the  slightest  touch — even  that  of  a  feather — and  sometimes  without 
any  obvious  cause.  The  explosion  is,  however,  not  nearly  so  violent  as 
that  of  nitrogen  chloride,  and  is  attended  with  the  production  of  violet 
fumes  of  iodine.  According  to  Dr.  Gladstone,  this  substance  contains 
hydrogen,  and  may  be  viewed  as  NHI,,  that  is,  as  ammonia  in  which  two- 
thirds  of  the  hydrogen  are  replaced  by  iodine.  According  to  the  researches 
of  Bunsen,  it  must  be  viewed  as  a  combination  of  nitrogen  tri-iodide  with 
ammonia,  NI3.NII3.  It  appears,  however,  that  the  substance  called  nitro- 
gen iodide  varies  in  com]K)sition.  Gladstone,  by  changing  the  mode  of 
preparation,  obtained  several  compounds  of  nitrogen  tri-iodide  with  am- 
monia. 

Componnda  of  Iodine  and  Chlorine. — ^Iodine  unites  directly  with 
clilorine,  forming  a  mon<xjhloride  and  a  trichloride.  There  is  also  a  tetra- 
chloride produced  by  spontaneous  decomposition  of  the  monochloride. 

The  monochloride,  ICl,  is  obtained  by  passing  dry  chlorine  over  iodine  till 
the  whole  is  liquefied,  but  no  longer  ;  also  by  distilling  iodine  with  potas- 
sium clilorate,  oxygen  being  then  evolved,  the  monochloride  distilling  over, 
and  a  mixture  of  chloride,  iodate,  and  perchlorate  of  potassium  remaining 
behind. 

1, 4-  3Kao,  =  0,  -f  la  -t-  Ka  +  kio,  +  kcio^. 

Iodine  monochloride  is  a  reddiah-brown  oily  liquid,  having  a  suffocating 
odor  and  astringent  taste ;  soluble  in  alcohol  and  ether ;  decomposed  by 
water,  with  formation  of  hydrochloric  and  iodic  acids,  and  separation  of 
i«Kline.  It  sometimes  solidifies  in  yellow  needles.  Sulphurous  acid  and 
hydrogen  sulphide  decompose  it,  with  separation  of  iodine  ;  with  aqueous 
solutions  of  alkalies,  it  yields  a  chloride  and  an  iodate,  together  with  free 
iodine ;  thus,  with  potash — 

^ICl  -I-  6KH0  B  5Ka  -I-  KIO3  -I-  3n,0  +  l^. 
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The  tricMoride,  ICI3,  is  produced  by  treating  iodine  at  a  gentle  heat  with 
chlorine  in  excess.  It  crystallizes  in  orange-yellow  needles  ;  melts  at  2UO 
to  250  C.  (t>S-77<^  F-),  giving  off  chlorine,  which  it  reabsorbs  on  cooling  ; 
acts  on  most  other  substances  like  the  monochloride. 

In  contact  with  a  small  quantity  of  water  it  is  partly  resolved  into  an 
insoluble  yellowish  body  (probably  a  mixture  of  tlie  trichloride  with  iodic 
oxide),  and  a  solution  containing  hydrochloric  acid  and  the  monochloride-^ 

4ICli  +  5H,0  =  lOHCl  +  IjOj  +  2IC1. 

A  large  quantity  of  water  dissolves  it,  probably  without  decomposition, 
or  perhaps  as  a  mixture  of  hydrochloric  and  iodic  acids  containing  free 
iodine— 

5IC1,  +  9H,0  ==  15HC1  +  3HIOs  +  I,. 

The  tetrachloride f  ICI4,  produced  by  spontaneous  decomposition  of  the 
monochloride,  4IC1  =>  ICl^  -f- 13,  crystallizes  in  red  octohedrons. 


FLUORINE. 

Atomic  weight,  19.    Symbol,  F. 

This  element  has  never  been  isolated — at  least,  in  a  state  fit  for  exam- 
ination ;  its  properties  are  consequently  in  great  measure  unknown  :  but 
from  the  observations  made,  it  is  presumed  to  be  gaseous,  and  to  possess 
color,  like  chlorine.  The  compounds  containing  fluorine  can  be  easily  de- 
composed, and  the  element  transferred  from  one  body  to  another  ;  but  its 
intense  chemical  energies  towards  the  metals  and  towards  silicium,  a  com- 
ponent of  glass,  have  hitherto  baffled  all  attempts  to  obtain  it  pure  in  the 
separate  state.  As  calcium  tluoride,  it  exists  in  considerable  quantities 
as  fluor-spar,  a  mineral  which  crystallizes  in  fine  cubes  of  various  colors, 
and  in  small  quantities  in  many  animal  substances,  such  as  bones.  Seve- 
ral chemists  have  endeavored  to  obtain  it  by  decomposing  silver  fluoride 
by  means  of  chlorine  in  vessels  of  fluor-spar,  but  even  these  experiments 
have  not  led  to  a  decisive  result. 

Hydrogen  Fluoride,  or  Hydrofluoric  Acid,  IIF. — ^When  powdered 
calcium  fluoride  is  heated  with  concentrated  sulphuric  acid  in  a  retort  of 
platinum  or  lead  connected  with  a  carefully  cooled  receiver  of  the  same 
metsil,  a  very  volatile  colorless  liquid  is  obtained,  which  emits  copious 
white  and  highly  suffocating  fumes  in  the  air.  This  is  the  anhydrous  acid, 
not  however  quite  pure.  It  may  be  obtained  in  a  state  of  perfect  purity 
by  distilling  hydrogen-potassium  fluoride,  HF.KF,  to  redness  in  a  platinum 
vessel.  As  Uius  prepared,  it  is  at  ordinary  temperatures  a  colorless,  trans- 
parent, mobile  liquid,  having  a  specific  gravity  of  0.9879  at  12.80  C.  (55°  F.), 
extremely  volatile,  boiling  at  19.40  C.  (66. 90  F.),  fuming  densely  at  ordi- 
nary temperatures,  and  absorbing  water  greedily  from  the  air.*  It  con- 
tains 19  parts  by  weight  of  fluorine  to  1  part  of  hydrogen. 

When  hydrofluorto  acid  is  put  into  water,  it  unites  with  the  latter  with 
great  violence ;  the  dilute  solution  attacks  glass  with  great  facility.  The 
concentrated  acid,  dropped  upon  the  skin,  occasions  deep  and  malignant 
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ulcers,  so  that  great  care  ii  requisite  in  ila  management.  Hydrofluoric  acid 
coutaina  lU  parts  fluorine  and  I  pari  hydrogen. 

Ill  a  diluted  state,  tltis  acid  in  occBsionally  used  in  tlie  analysis  of  silioe- 
oua  minurals,  irhen  alkali  is  to  be  itatimated ;  it  is  employed  aliio  for  etch- 
ing on  glass,  for  which  purpose  the  acid  may  be  prepared  in  vessels  of 
lead,  thai  metal  being  but  slowly  attacked  under  theiie  circumstauoes. 
The  vapor  of  the  acid  is  also  very  advantageously  appliod  to  the  same  pur- 
pose in  the  following  manner ;  Tlie  glass  to  bo  engraved  is  coated  with 
etching-ground  or  wax,  and  the  design  traced  in  the  usual  way  with  a 
poinlod  instrument.  A  shallow  basin,  made  by  beating  up  a  piece  of 
sheet-lead,  is  then  prepared,  a  littlo  powdered  fluor-spar  placed  in  it,  and 
enough  sulphuric  acid  added  to  form  with  the  latter  a  thin  paste.  The 
gla»i<  is  placed  upon  the  basin,  witli  the  waxed  side  downwards,  and  gentle 
heat  applied  beneath,  which  speedily  disengages  the  vapor  of  hydrofluoric 
acid.  In  a  very  few  minutes  tlie  operation  is  complete  ;  the  glass  ia  then 
removed,  and  cleaned  by  a  little  warm  oil  of  turpentine.  When  the  ex- 
periment is  successful,  the  lines  afe  very  clean  and  smooth. 

Ho  combination  of  fluorine  and  oxygon  had  yet  been  discovered. 


anLFHTTR. 

Alomlo  weight,  sa.    Sf  mbal,  S. 

Tnia  ia  an  elementary  body  of  great  importance  and  interest.  It  Is  often 
found  in  tliu  free  state  in  connection  with  deposits  of  gypsum  and  rock-salt, 
and  in  the  flssures  of  volcanic  craters.  Sicily  furnishes  a  large  proportion 
of  the  sulphur  employed  in  Europe.  Sulphur  also  occurs  abundantly  in 
combination  with  iron  and  other  metals,  and  as  sulphuric  acid,  unitijil  to 
lime  and  magnesia. 

Pure  sulphur  is  a  pale-yellow  brittle  solid,  of  well-known  appearance. 
It  melts  when  heated,  and  distils  over  unaltered,  if  air  be  excluded.  The 
crystals  of  sulphur  exhibit  two  distinct  and  incompatible  forms — namely, 
flrst,  an  octohedron  with  rhombic  base  (flg.  125),  which  is  the  figure  of 
native  sulphur,  and  that  assumed  when  sulphur  separates  from  solution 
at  common  temperatures,  aa  when  a  solution  of  sulphnr  in  carbon  biHul- 
phido  is  exposed  to  slow  evaporation  in  the  air  ;  and,  secondly,  a  length- 
ened prism  having  no  relation  to  the  preceding ;  this  happens  when  a  mass 

Fig.  13fc  FIs.  13S. 


of  snlphnr  is  melted,  and,  a^er  partial  ooolinf;,  the  cmst  on  the  snrfacs 

is  broken,  and  the  fluid  portion  poured  out.     Fig.  126  shows  the  result  of 
such  an  experiment. 
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The  specific  gravity  of  sulphur  varies  according  to  the  fonn  in  which  it 
is  cryslaWlzed.  The  octohedral  variety  has  the  specific  gravity  2.045  ;  the 
prismatic  variety  the  specific  gravitv  1.982. 

Sulphur  melts  at  lll'^'  C.  (2320  f!),— at  114.50  C.  (238.10  p.),  according 
to  Brodie ;  at  this  temperature  it  is  of  the  color  of  amher,  and  thin  and 
fluid  as  water  ;  when  further  heated,  it  begins  to  thicken,  and  to  acquire 
&  deeper  color ;  and  between  221o  C.  (430O  F.)  and  249^  C.  (480O  F.)  it  is 
80  ienacnous  that  the  vessel  in  which  it  is  contained  may  be  inverted  for  a 
moment  without  the  loss  of  its  contents.  If  in  this  state  it  be  poured  into 
water,  it  retains  for  many  hours  a  remarkably  soft  and  flexible  condition, 
which  may  be  looked  upon  as  the  amorjihous  state  of  sulphur.  After  a 
while  it  again  becomes  brittle  and  crystalline.  From  the  temperature  last 
mentioned  to  the  boiling-point — ^about  400O  C.  (702O  F.) — sulphur  again 
becomes  thin  and  liquid.  In  the  preparation  of  commercial  flowers  of  sul- 
phur, the  vapor  is  conducted  into  a  large  cold  chamber,  where  it  condenses 
in  minute  crystals.  The  specific  gravity  of  sulphur  vapor  is  2.22  referred 
to  that  of  air  as  unity,  or  32  compared  with  that  of  hydrogen  (Deville). 

Sulphur  is  insoluble  in  water  and  alcohol ;  oil  of  turpentine  and  the  fat 
oils  dissolve  it,  but  the  best  substance  for  the  purpose  is  carbon  bisulphide. 
In  its  chemical  relations,  sulphur  bears  great  resemblance  to  oxygen :  to 
very  many  oxides  there  are  corresponding  sulphides,  and  the  sulpliides 
often  unite  among  themselves,  forming  crystallizable  compounds  analogous 
to  oxysalts. 

Sulphur  is  remarkable  for  the  great  number  of  modifications  which  it  is 
capable  of  assuming.  Of  these,  however,  there  are  two  principal  well- 
characterized  varieties,  one  soluble,  and  the  other  insoluble  in  carbon 
bisulphide,  and  many  minor  modifications.  The  soluble  variety  is  distin- 
guished by  Bcrthelot  by  the  name  of  electro-negative  sulphur,  because  it  is 
the  form  which  appears  at  the  positive  pole  of  the  voltaic  battery  during 
the  decomposition  of  an  aqueous  solution  of  hydrogen  sulphide,  and  is 
separated  from  the  combinations  of  sulphur  with  the  electro-positive 
metals.  The  insoluble  variety  is  distinguished  as  electro-positive  sulphur, 
because  it  is  the  form  which  appears  at  the  negative  pole  during  the  electro- 
decomposition  of  sulphurous  acid,  and  separates  from  compounds  of  sul- 
phur with  the  electro-negative  elements,  chlorine,  bromine,  oxygen,  etc. 

The  principal  modifications  of  soluble  sulphur  are  the  octohedral  and 
prismatic  varieties  already  mentioned,  and  an  amorphous  variety  wliich  is 
precipitated  as  a  greenish-white  emulsion,  known  as  milk  of  sulphur,  on 
adding  an  acid  to  a  dilute  solution  of  an  alkaline  polysulphide,  such,  for 
example,  as  is  obtained  by  boiling  sulphur  with  milk  of  lime.  This  amor- 
phous sulphur  changes  by  keeping  into  a  mass  of  minute  octohedral  crys- 
tals. Sublimed  sulphur  appears  also  to  be  allied  to  this  modification,  but 
it  always  contains  a  small  portion  of  one  of  the  insoluble  modifications. 

The  chief  modifications  of  insoluble  sulphur  are  :  1.  The  amor])hous 
insoluble  variety,  obtained  as  a  soft  magma  by  decomposing  chlorine  bisul- 
phide with  water,  or  by  adding  dilute  hydrochloric  acid  to  the  solution  of 
a  thiosulphate  (p.  198).  2.  The  plastic  sulphur  already  mentioned  as 
obtained  by  pouring  viscid  melted  sulphur  into  water.  A  vi^ry  similar 
variety  is  pioduced  by  boiling  metallic  sulphides  with  nitric  or  nitro- 

muriatic  acid. 

When  solutions  of  hydrogen  sulphide  and  ferric  chloride  are  mixed 
together,  a  blue  precipitate  is  sometimes  formed,  which  is  said  to  be  a 
peculiar  modification  of  sulphur. 
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Compounds  of  Sulphur  and  Oxygen* 

There  are  two  oxides  of  sulphar,  wlioso  names  and  composition  are  as 
follows  :^ 

Composition  by  weight. 


"» 


Sulphur.  OxyKen. 

Sulphar  dioxide  or  Sulphurous  oxide,  SO,     .32-^-32 
Sulphur  trioxide  or  Sulphuric  oxide,    SO,     .         32        -{-        48 

Both  those  oxides  unite  with  water  and  metallic  oxides,  or  the  elements 
thereof,  producing  salts  ;  those  derived  from  sulphurous  oxide  are  called 
sulphites,  and  those  derived  from  sulphuric  acid,  sulphates.  The 
composition  of  the  hydrogen  salts  or  acids  is  as  follows  : — 

Hydrogen.    Sulphur.        Oxygen.        Water.     ^uJ^^^di. 

Hydrogen  Sulphite,  or )      2      +       32      +       48      =       18      +     64     ' 
bulphurous  acid,       )  '  "^  «      -i-     v 

Water      Sulphwrio 
water.        ^j^j^^^ 

Hydrogen  Sulphate      I     2      +       32      +      64     «      18      +     80 
or  Sulphuric  acid,    )  -r       »        -j-      '^^x  *»      -p     wv 

The  formulae  of  these  acids  are — 

Sulphurous  acid,  H^SO,  «=  Hp.SO, 
Sulphuric  acid,     H^O^  =  HgO.SOg 

The  replacement  of  half  or  the  whole  of  the  hydrogen  by  metals  gives 
rise  to  metallic  sulphites  and  sulphates. 

By  the  combination  of  sulphuric  oxide  with  sulphuric  acid  in  the  pro- 
portion of  SO3  to  H^Oj  (or  80  parts  by  weight  of  the  oxide  to  98  of  the 
acid)  an  acid  is  formed  called  disulphuric  or  pyrosulphuric  acid, 
having  the  composition  IljSgO,,  or 

Hydrogen.  Sulphur.  Oxygen. 

2         +         64         +         112 

There  arc  also  several  acids  of  sulphur,  with  their  corresponding  metallic 
fialts,  to  which  there  are  no  corresponding  anhydrous  oxides,  viz. : — 

1.  ITt/po8tdphnrou8  Acid,  H^SOg,  having  the  composition  of  sulphurouB 
acid  minus  one  atom  of  oxygen.     Its  composition  by  weight  is— 

Hydrogen.        Sulphur.  Oxygen. 

2        +         32         +         32 

2.  TMosiJphuric  Acid,  H^S^O,,  having  the  composition  of  sulphuric  acid 

in  which  one-fourth  of  the  oxygen  is  replaced  by  sulphur.    Its  composition 

by  weight  is — 

Hydrogen.         Sulphur.  Oxygen. 

2        +         64        +         48 

Closely  allied  to  this  acid  is — 

3.  Seleniosiilphuric  Acid,  HjSSeO,,  having  the  composition  of  sulphuric 
acid  in  which  one-fourth  of  the  oxygen  is  replaced  by  selenium.  Its  com- 
position by  weight  is — 

Hydrogen.        Sulphur.  Selenium.  Oxygen. 

2        +        32        +        79.4        +        48 
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4.  A  series  of  acids  called  Polythionic  Acids*  in  which  the  same  quanti- 
ties of  oxygen  and  hydrogen  are  united  with  quantities  of  sulphur  in  the 
proportion  of  the  numbers  2,  3,  4,  5,  yiz. : — 


Hydrogen.     Sulphur.        Oxygen. 

96 


Dithionic,  or  Hyposul-  |  ^  .^  .      2  +  (54  + 

phuric  acid  .         .  )  *^*  •                    '  ' 

Trithionic  acid         .  .  U,Sfi^  .      2  +  96  +      96 

Tetrathionic  acid     .  .  H^S^O,  .2  +  128  +      96 

PenUthionic  acid     .  .  U^fi^  .2  +  150  +      96 

Solphur  Dioxide,  or  Snlphorona  Oxide,  SO,. — This  is  the  only 
product  of  the  combustion  of  sulphur  in  dry  air  or  oxygen  gas.  It  is 
most  conveniently  prepared  by  heatiug  sulphuric  acid  with  metallic  mer- 
cury or  copper  clippings.  A  jMrtion  of  the  acid  is  deoompceed,  one-third 
of  the  oxygen  of  the  sulphuric  oxide  being  transferred  to  the  metal,  while 
the  sulphuric  oxide  is  reduced  to  sulphurous  oxide  which  escapes  as  gas  : 

2(H,0.S05)  +  Cu  =  CuO.SOj  +  2Hp  +  SO,. 
Sulphuric  Copper 

acid.  sulphate. 

Another  very  simple  method  of  preparing  sulphurous  oxide  consists  in 
heating  concentrated  sulphuric  acid  with  sulphur  ;  a  very  regular  evolu- 
tion of  sulphurous  oxide  is  thus  obtained. 

Sulphurous  oxide  is  a  colorless  gas,  having  the  peculiar  suffocating  odor 
of  burning  brimstone ;  it  instantly  extinguishes  ilame,  and  is  quite  irre- 
spirable.  Its  density  is  2.21 ;  a  litre  weighs  2.8605  grams  ;  100  cubic 
inches  weigh  68.69  grains.  At  — 17.80  C.  (OO  F.),  under  the  ordinary 
pressure  of'  the  atmosphere,  this  gas  condenses  to  a  colorless,  limpid 
liquid,  very  expansible  by  heat.  Cold  water  dissolves  more  than  thirty 
times  iU  volume  of.  sulphurous  oxide.  The  solution,  which  contains  hy- 
drogen sulphite  or  sulphurous  acid,  may  be  kept  unchanged  so  long  as 
air  is  excluded,  but, access  of  oxygen  gradually  converts  the  sulphurous 
into  sulphuric  acid,  although  dry  sulphurous  oxide  and  oxygen  gases  may 
remain  in  contact  for  any  length  of  time  without  change.  When  sulphurous 
oxide  and  aqueous  vapor  are  passed  into  a  vessel  cooled  to  below  — 8.3<^  or 
— 6^  C.  (17^  or  210  F.),  a  crystalline  body  forms,  which  contains  about 
24.2  sulphurous  oxide  to  75.8  of  water. 

One  volume  of  sulphurous  oxide  gas  contains  one  volume  of  oxygen  and 
half  a  volume  of  sulphur  vapor,  condensed  into  one  volume. 

Sulphurous  oxide,  like  other  gases  which  are  freely  soluble  in  water, 
must  be  collected  by  displacement,  or  by  the  use  of  the  mercurial  pneu- 
matic trough.  The  manipulation  with  the  latter  is  exactly  the  same  in 
principle  as  with  the  ordinary  water  trough,  but  rather  more  troublesome, 
from  the  great  density  of  the  mercury,  and  its  opacity.  The  whole  appa- 
ratus is  on  a  much  smaller  scale.  The  trough  is  best  constructed  of  liard, 
sound  wood,  and  so  contrived  as  to  economize  as  much  as  possible  the  ex- 
pensive liquid  it  is  to  contain. 

Sulphurous  acid  has  bleaching  properties ;  it  is  used  in  the  arts  for 
bleaching  woollen  goods  and  straw-plait.  A  piece  of  blue  litmus-paper 
plunged  into  the  moist  gas  is  first  reddened  and  then  slowly  bleached. 

The  sulphites  of  the  alkalies  are  soluble  and  crystallizable ;  they  are 
easily  formed  by  direct  combination.  The  sulphites  of  barium,  strontium, 
and  calcium  are  insoluble  in  water,  but  soluble  in  hydrochloric  acid. 
The  stronger  acids  decompose  them ;  nitric  acid  converts  them  into  sul- 

*  From  ▼•Xv,  many,  and  BiToty  eulphur. 
17 


194  SULPHUR, 

phates.  The  soluble  snlphites  act  as  i)owerful  reducing  agents,  and  are 
much  used  in  that  capacity  in  chemical  analysis. 

Sulphurous  oxide  unites,  under  peculiar  circumstances,  with  chlorine, 
and  also  with  iodine,  forming  compounds  which  have  been  called  chloro- 
and  iodo-sulphuric  acids.  They  are  decomposed  by  water.  It  also  combines 
with  dry  ammoniacal  gas  ;  and  with  nitric  oxide  in  presence  of  an  alkali. 

Sulphur  Trioxide,  or  Sulphuric  Oadde,  SO^,  (also  called  Anhydrous 
Sulphuric  acid,  or  Sulphuric  anhydride), — 'i'his  compound  may  be  formed 
directly  by  passing  a  dry  mixture  of  sulphurous  oxide  and  oxygen  gases 
over  heated  spongy  platinum ;  or  it  may  be  obtained  by  distilling  the 
most  concentrated  sulphuric  acid  with  phosphoric  oxide,  which  then 
abstracts  the  water  and  sets  the  sulphuric  oxide  free.  It  is  usually  pre- 
pared, however,  from  the  fuming  oil  of  vitriol  of  Nordhausen,  which  may 
be  regarded  as  a  solution  of  sulphuric  oxide  in  sulphuric  acid.  On  gently 
heating  this  liquid  in  a  retort  connected  with  a  receiver  cooled  by  a  freez- 
ing mixture,  the  sulphuric  oxide  distils  over  in  great  abundance,  and  con- 
denses into  beautiful  white  silky  crystals,  resembling  those  of  asbestos. 

Sulphuric  oxide  is  also  produced  in  considerable  quantity  by  the  follow- 
ing process.  Vapor  of  ordinary  strong  sulphuric  acid  is  passed  through  a 
white-hot  platinum  tube,  whereby  it  is  almost  completely  resolved  into 
water,  oxygen,  and  sulphurous  oxide  : — 

H^O^  =  H,0  +  0  +  SO,. 

These  mixed  gases,  after  passing  through  a  leaden  worm  to  condense  the 
greater  portion  of  the  water,  are  dehydrated  by  passing  them  through  a 
leaden  tower  filled  with  coke,  over  which  a  stream  of  concentrated  sul- 
phuric acid  is  allowed  to  trickle  ;  and,  finally,  the  dry  mixture  of  oxygen 
and  sulphurous  oxide  is  passed  through  platinum  tubes  heated  to  low 
redness  and  containing  fragments  of  platinized  pumice,  whereupon  they 
recombine  to  form  sulphuric  oxide,  which  is  condensed  in  a  series  of 
WouKTe's  bottles.  This  process  bids  fair  to  succeed  as  a  manufacturing 
operation.* 

Sulphuric  oxide,  when  thrown  into  water,  hisses  like  a  red-hot  iron, 
from  the  violence  with  which  combinsftion  occurs  :  the  product  is  sulphuric 
acid.  When  exposed  to  the  air,  even  for  a  few  moments,  it  liquefies  by 
absorption  of  moisture.  It  iinites  with  ammoniacal  gas,  forming  a  salt 
called  ammonium  sulphamate,  the  nature  of  which  will  be  explained 
farther  on. 

Sulphuric  oxide  is  susceptible  of  two  modifications  («  and  i?),  dlifering 
in  their  properties,  though  indentical  in  composition.  Bodies  thus  related 
are  said  to  be  isomeric  (from  i0-«c,  equal,  and  fcipoc»  part).  There  are  but 
few  examples  of  this  relation  amongst  inorganic  compounds,  but  it  is  of 
frequent  occurrence  in  organic  chemistry.  The  «-modification,  formed  by 
cooling  the  liquid  oxide,  solidifies  at  +160  in  long  colorless  prisms,  which 
melt  at  the  same  temperature  ;  it  boils  at  46^  ;  and  its  vapor  at  20O  has  a 
tension  represented  by  200  millimetres  of  mercury.  ff-Sulphuric  oxide  is 
produced  from  the  a-modification  at  temperatures  below  250 ;  above  27^ 
the  transformation  does  not  go  on.  It  forms  extremely  fine  white  needles  ; 
at  temperatures  above  5(^  it  gradually  liquefies  and  passes  into  the  first 
modification.  Liquid  sulphuric  oxide  undergoes  very  great  expansion  by 
heat,  its  mean  co-efficient  of  expansion  between  2^0  and  4i)^  being  0.0027 
for  lO  C,  that  is  to  say,  more  than  two-thirds  as  great  as  that  of  gases. 
The  two  modifications  differ  greatly  in  their  relations  to  solvents.  Liquid 
sulphuric  oxide  mixes  in««ll  proportions  with  hydrogen  sulphate,  HjSO^ ; 

*  Messel  and  Squire,  Chemical  News,  1876,  i.  177. 
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the  ^-ozide  dissolves  in  sulphuric  acid  with  extreme  slowness,  and  gradu- 
ally separates  from  a  mixture  of  10  parts  SO,  and  1^2  parts  H2i:>04.  With 
a  larger  proportion  of  the  acid,  no  solid  oxide  separates,  even  on  oooliug 
to  a  low  temperature ;  if  the  proportion  of  acid,  HgSO^,  amounts  to  5  parts 
for  10  parts  of  oxide,  the  liquid  may  deposit  crystals  of  pyrosulphurio 
acid,  HjSjO^  or  H^^.SOg. 

Salpharlc  Aoid,  HjSO^. — ^The  preparation  of  this  important  acid 
depends  upon  the  fact  that,  when  sulphurous  oxide,  nitrogen  tetroxide, 
and  water  are  present  together  in  certain  proportions,  the  sulphurous 
oxide  beoomes  oxidized  at  the  expense  of  the  nitrogen  tetroxide,  which, 
by  the  loss  of  one-half  of  its  oxygen,  sinks  to  the  condition  of  nitrogen 
dioxide.     The  operation  is  thus  conducted  : — 

A  large  and  very  long  chamber  is  built  of  sheet-lead  supported  by  tim- 
ber framing  ;  on  the  outside,  at  one  extremity,  a  small  furnace  or  oven  is 
constructed,  having  a  wide  tube  leading  into  the  chamber.  In  this,  sul- 
phur is  kept  burning,  the  Hame  of  which  heats  a  crucible  containing  a 
mixture  of  nitre  and  oil  of  vitriol.  A  shallow  stratum  of  water  occupies 
the  floor  of  the  chamber,  and  a  jet  of  steam  is  also  introduced.  Lastly, 
an  exit  is  provided  at  the  remote  end  of  the  chamber  for  the  spent  and 
useless  gases.  The  effect  of  these  arrangements  is  to  cause  a  constant 
supply  of  sulphurous  oxide,  atmospheric  air,  nitric  acid  vapor,  and  water 
in  the  state  of  steam,  to  be  thrown  into  the  chamber,  there  to  mix  and 
react  upon  each  other.  The  nitric  acid  immediately  gives  up  a  part  of  its 
oxygen  to  the  sulphurous  oxide,  and  is  itself  reduced  to  nitrogen  tetroxide, 
N,0^  or  NO,  ;  it  does  not  remain  in  this  state,  however,  but  suffers  further 
deoxidation  until  it  becomes  reduced  to  nitrogen  dioxide,  NgO,  or  NO. 
That  substance,  in  contact  with  free  oxygen,  absorbs  a  portion  of  the  latter, 
and  once  more  becomes  tetroxide,  which  is  again  destined  to  undergo  de- 
oxidation  by  a  fresh  quantity  of  sulphurous  oxide.  A  very  small  portion 
of  nitrogen  tetroxide,  mixed  with  atmospheric  air  and  sulphurous  oxide, 
may  thus  in  time  convert  an  indefinite  amount  of  the  latter  into  sulphuric 
acid,  by  acting  as  a  kind  of  carrier  between  the  oxygen  of  the  air  and  the 
Bulphurous  oxide.  The  presence  of  water  is  essential  to  this  reaction, 
which  may  be  lepresented  by  the  equation, 

NO,  +  SO,  +  H,0  =  NO  +  H,SO^. 

Such  is  the  simplest  view  that  can  be  taken  of  the  production  of  sul- 
phuric acid  in  the  leaden  chamber  ;  but  it  is  too  much  to  affirm  that  it  is 
strictly  true  ;  the  reaction  may  be  more  complex.  When  a  little  water  is 
put  at  the  bottom  of  a  large  glass  globe,  so  as  to  maintain  a  certain  degree 
of  humidity  in  the  air  within,  and  sulphurous  oxide  and  nitrogen  tetrox- 
ide are  introduced  by  separate  tubes,  symptoms  of  chemical  action  become 
inimediately  evident,  and  after  a  little  time  a  white  crystalline  matter  is 
observed  to  condense  on  the  sides  of  the  vessel.  This  substance  appears 
to  be  a  compound  of  sulphuric  acid,  nitrous  acid,  and  a  little  water.* 

*  Q-aaltierde  Olnubry  asslicned  to  this  substance  the  composition  expressed  by 
the  rormuia  2(N,03.2H30s).6S03,  and  this  view  has  generally  been  received  by 
recent  chemical  writers.  l)e  Ih  Provostaye  has  since  shown  that  a  compound 
possessing  all  the  esseatial  properties  of  the  body  in  question  rony  be  formed  by 
briagioK  together,  in  a  sealed  glass  tube,  liquid  sulphurous  oxide  and  liquid  nitro- 
gen tetroxide,  both  free  from  water.  The  white  crystalline  solid  soon  be^ns  to 
form,  and,  at  the  expiration  of  twenty-six  hours,  the  reaction  appears  complete. 
The  new  product  is  aeeompanied  by  nn  exceedinKly  volatile  greenish  liquid  having 
the  eharaoters  of  nitrous  acid.  The  white  substance,  on  analysis,  was  found  to 
contain  the  elements  of  two  molecules  of  sulphuric  oxide,  and  one  of  nitrous 
oxide,  or  N,03.8S0;i.  De  la  Provostaye  explains  the  anomalies  in  the  difl'erent 
analyses  of  the  leaden-oh amber  product,  by  showing  that  the  pure  substance  forms 
crysrallizahle  combinations  with  different  proportions  of  sulphuric  acid.  (Ann. 
Chlm.  Phys.  Ixxiii  S62  )  See  also  VVebpr  (.Tahresbericht  fur  CJhemle,  1803,  p.  738  ; 
I8v6,  p.  98;  BuJi.  Soc.  Chlm.  de  Paris,  18o7,  i.  15). 
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When  thrown  into  water,  it  is  resolved  into  Bulphnric  acid,  nitrogen 
dioxide,  and  nitric  acid.  This  curious  body  is  certainly  very  often  pro- 
duced in  large  quantity  in  the  leaden  chambers  ;  but  that  its  production 
is  indispensable  to  the  success  of  the  process,  and  constant  when  the  ope- 
ration goes  on  well  and  the  nitrogen  tetroxide  is  not  in  excess,  may  perhaps 
admit  of  doubt. 

The  water  at  the  bottom  of  the  chamber  thus  becomes  loaded  with  sul- 
phuric acid  :  when  a  certain  degree  of  strength  has  been  reached,  the  acid 
is  drawn  off  and  concentrated  by  evaporation,  first  in  leaden  pans,  and 
afterwards  in  stills  of  platinum,  until  it  attains  a  density  (when  cold)  of 
1.84,  or  thereabouts ;  it  is  then  transferred  to  carboys,  or  large  glass 
bottles  fitted  in  baskets,  for  sale.  In  Great  Britain  this  manufacture  is  one 
of  great  national  importance,  and  is  carried  on  to  a  vast  extent. 

Sulphuric  acid  is  now  more  frequently  made  by  burning  iron  pyrites,  or 
poor  copper  ore,  or  zinc-blende,  instead  of  Sicilian  sulphur :  as  thus  pre- 
pared it  very  frequently  contains  arsenic,  from  which  it  may  be  freed,  how- 
ever, by  heating  it  with  a  small  quantity  of  sodium  chloride,  or  by  passing 
through  the  heated  acid  a  current  of  hydrochloric  acid  gas,  whereby  the 
arsenic  is  volatilized  as  trichloride. 

The  most  concentrated  sulphuric  acid,  or  oil  of  vitriol j  as  it  is  often  called, 
is  a  definite  combination  of  40  parts  sulphuric  oxide  and  9  parts  of  water, 
and  is  represented  by  the  formula  HjO.SOj,  or  H^SO^.  It  is  a  colorless 
oily  liquitl,  having  a  specific  gravity  of  about  1.85,  of  intensely  acid  taste 
and  reaction.  Organic  matter  is  rapidly  charred  and  destroyed  by  it.  At 
the  temperature  of  —  2GO  c.  (— 15©  F.)  it  freezes  ;  at  327©  C.  (G2GO  p.) 
it  boils,  and  may  be  distilled  without  decomposition.  Oil  of  vitriol  has  a 
most  energetic  attraction  for  water  ;  it  withdraws  aqueous  vapor  from  the 
air,  and  when  it  is  diluted  with  water,  great  heat  is  evolved,  so  that  the 
mixture  always  requires  to  be  made  with  caution.  Oil  of  vitriol  is  not  the 
only  hydrate  of  sulphuric  oxide  ;  three  others  are  known  to  exist.  When 
the  fuming  oil  of  vitriol  of  Nordhausen  is  exposed  to  a  low  temi)erature,  a 
white  crystalline  substance  separates,  which  is  a  hydrate  containing  half 
as  much  water  as  the  common  liquid  acid.  Further,  a  mixture  of  98  parts 
of  strong  liquid  acid  and  18  parts  of  water,  2H2O.SO,  or  HjSO^.H^O,  con- 
geals or  crystallizes  at  a  temperature  above  OO  C,  and  remains  solid  even 
at  7.20  C.  (450  F.).  Lastly,  when  a  very  dilute  acid  is  concentrated  by 
evaporation  in  a  vacuum  over  a  surface  of  oil  of  vitriol,  the  evaporation 
stops  when  the  sulphuric  oxide  and  water  bear  to  each  other  the  propor- 
tion of  80  to  54,  answering  to  the  formula,  3H,0.S0,  or  lIgS0^.2Hj,0. 

When  the  vapor  of  sulphuric  acid  is  passed  over  red-hot  platinum,  it  is 
decomposed  into  oxygen  and  sulphurous  acid.  St.  Claire  Deville  and 
Debray  have  recommended  this  process  for  the  preparation  of  oxygen  on 
the  large  scale,  the  sulphurous  acid  befng  easily  separated  by  its  solubility 
in  water  or  alkaline  solutions. 

Sulphuric  acid  acts  readily  on  metallic  oxides  ;  converting  them  into 
sulphates.  It  also  decomposes  carbonates  with  the  greatest  ease,  expelling 
carbon  dioxide  with  efl'ervescence.  With  the  aid  of  heat  it  likewise  decom- 
poses all  other  salts  containing  acids  more  volatile  than  itself.  The  sul- 
phates are  a  very  important  class  of  salts,  many  of  them  being  extensively 
used  in  the  arts.  Slost  sulphates  are  soluble  in  water,  but  they  are  in- 
soluble in  alcohol.  The  barium,  calcium,  strontium,  and  lead  salts  are 
Insoluble,  or  very  slightly  soluble,  in  water :  and  are  formed  by  precipi- 
tating a  soluble  salt  of  either  of  those  metals  with  sulphuric  acid,  or  a 
soluble  metallic  sulphate.  Barium  sulphate  is  quite  insoluble  in  water  : 
consequently,  sulphuric  acid,  or  its  soluble  salts,  may  be  detected  with  the 
greatest  ease  by  solution  of  barium  nitrate  or  chloride :  a  white  precipitate 
is  thereby  formed  which  aoes  not  dissolve  in  nitric  or  hydrochloric  acid. 
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IMsQlplitirio  or  Fyrostllphtuic  Acid,  H^SjO,  (also  called  Fuming  Sul- 
pkuric  Acid  and  ^'o^dhausen  Sulphuric  Acid). — ^This  acid  contains  the  elements 
of  one  molecule  of  sulphuric  oxide,  and  one  molecule  of  sulphuric  acid, 
or  of  two  molecules  of  sulphuric  acid  nUnus  one  molecule  of  water  :— 

It  may  be  obtained  of  definite  composition  and  in  the  crystalline  form  by 
adding  liquid  sulphuric  oxide  to  strong  sulphuric  acid  in  the  proportions 
above  indicated.  The  resulting  crystals  melt  at  3&0.  This  acid  was 
originally  prepared  at  Nordhausen,  in  Saxony,  from  an  impure  ferric  sul- 
phate obtained  by  exposing  ordinary  ferrous  sulphate  (green  vitriol)  to  a 
moderate  heat  in  contact  with  the  air.  This  ferric  sulphate  is  distilled  in 
sulphur  retorts  arranged  in  a  reverberatory  furnace,  and  the  distillate, 
consisting  chiefly  of  sulphuric  oxide,  is  received  in  a  small  quantity  of 
water,  or  more  frequently  in  ordinary  strong  sulphuric  acid.  A  brown 
fuming  liquid  is  thus  obtained  which  agrees  nearly  in  composition  with  the 
formula  HjS^O,,  has  a  specific  gravity  of  1.9,  solidifies  at  OO  c.  to  colorless 
crystals,  and  is  resolved  at  a  gentle  heat  into  SOg,  which  distils  over,  and 
HjSO^  which  remains  behind. 

The  manufacture  of  fuming  sulphuric  acid  in  the  manner  just  described 
was  first  practised  at  Nordhausen,  in  Baxony,  and  appears  to  have  been 
known  since  the  fifteenth  century  :  but  it  is  now  carried  on  almost  exclu- 
sively in  Bohemia.  An  easier  and  more  productive  method  of  obtaining 
the  sulphuric  oxide  required  for  its  formation  is  that  of  Messel  and  Squire, 
already  described  (p.  194).  Fuming  sulphuric  acid  was  until  lately 
employed  only  for  dissolving  indigo,  but  it  is  now  used  in  very  large  quan- 
tities for  dissolving  anthraquinone  for  the  manufacture  of  artificial  alizarin. 
(See  Organic  Chemistry.) 

The  pyrosulphates,  that  of  potassium,  for  example,  which  has  the  com- 
position K^SjOf,  or  KjSO^.SOj,  are  prepared  by  the  action  of  sulphuric 
oxide  on  the  corresponding  sulphates.  When  strongly  heated,  they  give 
off  sulphuric  oxide,  and  are  converted  into  sulphates. 

Hyposiilplinroiis  Aold,  H^SO,  (also  called  Uydrosulphurous  Acid), — 
This  acid  is  formed  by  the  action  of  zinc  on  an  aqueous  solution  of  sul- 
phurous acid.  The  zinc  dissolves  without  evolution  of  hydrogen,  merely 
removing  an  atom  of  oxygen.  A  yellow  solution  is  thereby  formed  which 
possesses  much  greater  decolorizing  power  than  sulphurous  acid  itself,  and 
quickly  reduces  the  metals  from  salts  of  silver  and  mercury.  This  solu- 
tion is,  however,  very  unstable,  and  quickly  loses  its  bleaching  power. 
A  more  definite  product  is  obtained  by  immersing  clippings  of  zinc  in  a 
concentrated  solution  of  acid  sodium  sulphite,  NallSO,,  contained  in  a 
closed  vessel,  whereby  sodium  hyposulphite,  Na^SO^,  and  zinc-sodium  sul- 
phite, Na2Zn(S03)2,  are  produced,  the  latter  crystallizing  out.  To  isolate 
the  hyposulphite,  the  liquid  is  decanted,  after  about  half  an  hour,  into  a 
flask  three-fourths  filled  with  strong  alcohol,  and  the  fiask  is  sealed.  A 
crystalline  precipitate  immediately  forms,  consisting  for  the  most  part  of 
zinc-sodium  sulphite,  while  nearly  all  the  hyposulpliite  remains  dissolved 
in  the  alcohol.  The  solution,  decanted  into  a  fiask  quite  filled  with  it, 
well  closed,  and  left  in  a  co6l  place,  solidifies  in  a  few  hours  to  a  mass 
of  slender,  colorless  needles,  consisting  of  sodium  hyposulphite, 
which  must  be  quickly  pressed  between  folds  of  linen,  and  dried  in 
a  vacuum,  as  it  becomes  very  hot  if  exposed  to  the  air  in  the  moist 
state ;  when  dry,  however,  it  is  not  affected  by  oxygen.  This  salt  is  very 
soluble  in  water,  soluble  also  in  dilute  alcohol,  the  solutions  exhibiting  all 
this  bleaching  and  reducing  properties  above  described.    The  crystals  when 
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exposed  to  tlie  air  are  completely  converted  into  acid  sodinm^  sulphite, 
KaHSO,.  By  heating  them  with  oxalic  acid,  hyposulphurous  acid  is  ob- 
tained, as  a  deep  orange-colored  strongly  bleaching  liquid,  which  quickly 
decomposes,  becoming  colorless,  and  depositing  sulphur.* 

Thlosnlphurio  Aoid,  Hfifi^  (formerly  called  Hyposulphurous  Acid).^ 
By  digesting  sulphur  with  a  solution  of  potassium  or  sodium  sulphite,  a 
portion  of  that  substance  is  dissolved,  and  the  liquid,  by  slow  evaporation, 
furnishes  crystals  of  thiosulphate  :  NagSO,  +  ^  =  NajSjO,.  The  acid 
itself  is  scarcely  known,  for  it  cannot  be  isolated ;  when  hydrochloric  acid 
is  added  to  a  solution  of  a  thiosulphate,  the  acid  of  the  latter  is  almost 
instantly  resolved  into  sulphur,  which  precipitates,  and  sulphurous  aoid, 
easily  recognized  by  its  odor.  In  a  very  dilute  solution,  however,  it  ap- 
pears to  remain  undecomposed  for  some  time.  The  alkaline  thiosulphatos 
readily  dissolve  certain  salts  of  silver,  as  the  chloride,  which  are  insoluble 
in  water— ^  property  which  has  conferred  upon  them  a  considerable  share 
of  importance  in  relation  to  the  art  of  photography.  They  are  also  much 
used  as  antichlores  tor  removing  the  last  traces  of  chlorine  from 
bleached  goods. 

BelenioBulphnrlc  Acid,  H^SeSO,. — ^This  acid,  having  the  composition 
of  sulphuric  acid  in  which  1  atom  of  oxygen  is  replaced  by  selenium,  is 
formed  by  direct  addition  of  selenium  to  sulphurous  acid.  When  selenium 
is  digested  with  a  solution  of  neutral  potassium  sulphite,  and  the  easily 
decomposible  liquid,  after  being  filtered  from  the  selenium  whicli  separates 
on  cooling  and  dilution  with  water,  is  left  to  evaporate  at  ordinary  tempe- 
ratures, there  crystallizes  out,  first  a  sparingly  soluble  seleniferous  salt  in 
small  shining  prisms,  afterwards  a  much  more  soluble  salt,  which  is  the 
chief  product  of  the  reaction,  while  the  excess  of  sulphite  remains  in  the 
mother-liquor. 

The  more  soluble  seleniferous  salt  is  i)ot;assium  seleniosulphate,  KjSeSO,. 
It  is  likewise  formed,  together  with  thiosulphate,  when  a  solution  of  potas- 
sium seleuide  is  mixed  with  sulphurous  acid.  It  crystallizes  readily,  even 
from  small  quantities  of  solution,  in  large,  very  thin,  six-sided  tables 
belonging  to  the  rhombic  system,  which  deliquesce  in  moist  air,  and  effloresce 
with  partial  loss  of  water  over  oil  of  vitriol.  When  heated,  they  turn 
brown  and  yield  a  polysulphide  of  potassium.  Water  separates  selenium 
from  them,  and  the  filtered  solution  yields  by  evaporation  crystals  which 
again  react  in  the  same  way  with  water,  so  that,  by  repeated  crystalliza- 
tion, the  whole  of  the  seleniosulphate  may  be  decomposed ;  the  liquid 
then  contains  seleniotrithionate.  Acids,  even  sulphurous  acid,  throw  down 
the  whole  of  the  selenium  from  the  aqueous  solution  ;  barium  chloride  and 
baryta-water  precipitate  barium  sulphite  and  selenium ;  calcium  and  man- 
ganese salts  give  rise  to  a  similar  decomposition.  With  ammoniacal  silver 
solution  the  seleniosulpliate  forms  a  precipitate  of  silver  selenide,  together 
with  poiasslum  sulphate  : — 

K^eSO,  +  AgjO  =  AgjSe  +  K,SO^. 

The  sulphites  of  sodium,  ammonium,  and  magnesium  react  with  sele- 
nium in  the  same  manner  as  the  potassium  salt,  the  magnesium  salt,  how- 
ever,  very  slowly.  The  seleniosulphates  of  sodium  and  ammonium  are 
very  unstable. 

Dithionic  or  Hypooolphnrlc  Aoid,  H^^^. — This  acid  is  preparer, 
by  suspending  finely  divided  manganese  dioxide  in  water  artificially  cooled, 

*  Sobutzenbcrger,  Zeitschrift  fur  Cbcmie,  18G9,  p.  bV^, 
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and  then  transuLitting  a  stream  of  sulphurous  acid  gas  ;  the  dioxide  be- 
comes monoxide,  half  its  oxygen  converting  the  sulphurous  into  dithionio 
acid  :  MnO^  -4~  280,  =  MnSjO^ .  The  manganese  dithionate  thus  prepared 
is  decomposed  by  a  solution  of  pure  barium  hydrate,  and  the  barium  salt, 
in  turn,  by  enough  sulphuric  acid  to  precipitate  the  base.  The  solution 
of  dithionic  acid  may  be  concentrated  by  evaporation  in  a  vacuum,  until 
it  acquires  a  density  of  1.347 ;  on  further  concentration^  it  decomposes  into 
sulphuric  and  sulphurous  acids.  It  has  no  odor,  is  very  sour,  and  forms 
soluble  salts  with  baryta,  lime,  and  lead  oxide. 

Trithionic  Acid,  HgSgOg. — A  substance  accidentally  formed  by  Langlois, 
in  the  preparation  of  potaasium  thiosulphate,  by  gently  heating  with  sul- 
phur a  solution  of  potassium  carbonate  saturated  with  sulphurous  acid. 
It  is  also  produced  by  the  action  of  sulphurous  oxide  on  potassium  thio- 
sulphate :  2K2S2O,  -f-  3  SO,  s=  2K^,0g  +  S.  Its  salts  bear  a  great  resem- 
blance to  those  of  thiosulphuric  acid,  but  differ  completely  in  composition, 
while  the  acid  itself  is  not  quite  so  prone  to  change.  It  is  obtained  by 
deoomposing  the  potassium  salt  with  hydrofluosilicic  acid  :  it  may  be  con- 
oentrated  under  the  receiver  of  the  air-pump,  but  is  gradually  decomposed 
into  sulphur,  sulphurous  and  sulphuric  acid. 

Tetrathionic  Aoid,  Ufifl^, — ^This  acid  was  discovered  by  Fordos  and 
Gelis.  When  iodine  is  added  to  a  solution  of  barium  thiosulphate,  a  large 
quantity  of  that  substance  is  dissolved,  and  a  clear  colorless  solution 
obtained,  which,  besides  barium  iodide,  contains  barium  tetrathiouate  : 
2BaS,03  '^  ^t  =  ^^^2  ~l~  BaS^Of.  By  suitable  means,  the  acid  can  be  elimi- 
nat4.*d,  and  obtained  in  a  state  of  solution.  It  very  closely  resembles 
dithionic  acid.  The  same  acid  is  produced  by  the  action  of  sulphurous 
acid  on  chlorine  disulphide. 

Pentathionio  Acid,  H^S^O^. — ^This  acid  was  discovered  by  Wacken- 
roder,  who  formed  it  by  the  action  of  hydrogen  sulphide  on  sulphurous 
add :  SH^SO,  -f  5H5S  =s  H^SjOj  -|-  9HjO  -|-  S5.  It  is  colorless  and  inodorous, 
of  acid  and  bitter  taste,  and  capable  of  being  concentrated  to  a  considerable 
extent  by  cautious  evaporation. 

Under  the  influence  of  heat,  it  is  decomposed  into  sulphur,  sulphurous 
and  sulphuric  acids,  and  hydrogen  sulphide.  The  salts  of  pentathiouic 
acid  are  nearly  all  soluble.  The  barium  salt  crystallizes  from  alcohol  in 
square  prisms.  The  acid  is  also  formed  when  lead  dithionate  is  decom- 
posed by  hydrogen  sulphide,  and  when  chlorine  monosulphide  is  heated 
with  sulphurous  acid. 

Sulphur  with  Hydrogen. 

Hydrogen  Monosulphide— •S'u/jE>Aytfnc  Acid;  Hydrosulphuric  Acid; 
Sulphuretted  Utfdrogen^  HjS. — There  are  two  methods  by  which  this  import- 
ant compound  can  be  readily  prepared,  namely,  by  the  action  of  dilute 
sulphuric  acid  upon  iron  monosulphide,  and  by  the  decomposition  of  anti- 
mony triaulphide  with  hydrochloric  acid.  The  first  method  yields  it  most 
ea^sily,  the  second  in  the  purest  state. 

Iron  monosulphide  is  put  into  the  apparatus  for  hydrogen,  already 
several  times  mentioned,  together  with  water,  and  oil  of  vitriol  is  added 
by  the  funnel,  until  a  copious  disengagement  of  gas  takes  place.  This  is 
to  be  collected  over  tepid  water.     The  reaction  is  thus  explained  : — 

FeS        +        HjSO^ 
Ferrous  Hj'drogen 

■ulphiUe.  sulphate. 


=        H,S        =s 

FeSO^ 

Hydrogen 

Ferrous 

sulphide. 

sulphate. 
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By  the  other  plan,  finely-powdered  antimony  trisulphide  is  put  into  a 
flafik  to  which  a  cork  and  bent  tube  can  be  adapted,  and  strong  liquid 
hydrochloric  acid  poured  upon  it.  On  the  application  of  heat,  a  double 
interchange  occurs,  hydrogen  sulphide  and  antimony  trichloride  being 
formed.     The  action  lasts  only  while  the  heat  is  maintained. 


SbA        + 
Antimonlous 
sulphide. 


6HC1 
Hydrogen 
cnlorlue. 


3SH, 

Hydrogen 

Bulphide. 


4-         2SbCl, 
AntimoDloui 
chloride. 


Fig.  127. 


Hydrogen  sulphide  is  a  colorless  gas,  having  the  odor  of  putrid  eggs  ;  it 
is  most  offensive  when  in  small  quantity,  when  a  mere  trace  is  present  in 
the  air.  It  is  not  irritant,  but,  on  the  contrary,  powerfully  narcotic. 
When  set  on  fire,  it  bums  with  a  blue  flame,  producing  sulphurous  acid 
when  the  supply  of  air  is  abundant,  and  depositing  sulphur  when  the 
oxygen  is  deficient.  Mixed  with  chlorine,  it  is  instantly  decomposed,  with 
separation  of  the  whole  of  the  sulphur. 

This  gas  has  a  specific  gravity  of  1.171  referred  to  air,  or  17  referred  to 
hydrogen  as  unity;  a  litre  weighs  1.51991  grams. 

A  pressure  of  17  atmospheres  at  lOO  C.  (50O  F.)  reduces  it  to  the  liquid 
form.  Cold  water  dissolves  its  own  volume  of  hydrogen  sulphide,  and  the 
solution  is  used  as  a  test ;  it  is,  however,  somewhat  prone  to  decomposition 
by  the  oxygen  of  the  air,  and  should  therefore  be  kept  in  a  tightly  closed 
bottle.  Another  mode  of  testing  with  hydrogen  sulphide  is  to  keep  a  little 
apparatus  for  generating  the  gas  always  at  hand.     A  small  bottle  or  flask, 

to  which  a  bit  of  bent  tube  is  fitted  by  a  cork,  is  sup- 
plied with  a  little  iron  sulphide  and  water ;  when  it  is 
required  for  use,  a  few  drops  of  oil  of  vitriol  are  added, 
and  the  gas  is  at  once  evolved.  The  experiment  com- 
pleted, the  liquid  is  poured  from  the  bottle,  replaced 
by  a  little  clean  water,  and  the  apparatus  is  again 
ready  for  use. 

Potassium  heated  in  hydrogen  sulphide  bums  with 
great  energy,  becoming  converted  into  sulphide,  while 
pure  hydrogen  remains,  equal  in  volume  to  the  original 
gas.  Taking  this  fact  into  account,  and  comparing  the 
density  of  the  gas  with  those  of  hydrogen  and  sulphur 
vapor,  it  appears  that  every  volume  of  hydrogen  sul- 
phide contains  one  volume  of  hydrogen  and  half  of  a 
volume  of  sulphur-vapor,  the  whole  condensed  into  one 
volume,  a  constitution  precisely  analogous  to  that  of  water-vapor.  This 
corresponds  with  its  composition  by  weight,  determined  by  other  means — 
namely,  16  parts  sulphur  and  one  part  hydrogen. 

When  a  mixture  of  100  measures  of  hydrogen  sulphide  and  150  measures 
of  pure  oxygen  is  exploded  by  the  electric  spark,  complete  combustion 
ensues,  and  100  measures  of  sulphurous  oxide  gas  are  produced. 

Hydrogen  sulphide  is  a  frequent  product  of  the  putrefaction  of  organic 
matter,  both  animal  and  vegetable;  it  occurs  also  in  certain  mineral 
springs,  as  at  Harrowgate  and  elsewhere.  When  accidentally  present  in 
the  atmosphere  of  an  apartment,  it  may  be  instantaneously  destroyed  by 
a  small  quantity  of  chlorine  gas. 

There  are  few  re-agents  of  greater  value  to  the  practical  chemist  than 
this  substance  :  when  brought  in  contact  with  many  metallic  solutions,  it 
gives  rise  to  precipitates,  which  are  often  exceedingly  characteristic  in  ap- 
pearance, and  it  frequently  affords  the  means  of  separating  metals  from 
each  other  with  the  greatest  precision  and  certainty.  Tliese  precipitates 
are  insoluble  sulphides,  formed  by  the  mutual  decomposition  of  the  metal- 
lic oxides  or  chlorides  and  hydrogen  sulphide,  water  or  hydrochloric  acid 
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being  produced  at  the  same  time.  All  tho  metals  are,  in  fact,  precipitated, 
whose  sulphides  are  insoluble  in  water  and  in  dilute  adds. 

Arsenic  and  cadinium  solutions  thus  treated  give  bright  jellow  precipi- 
tates, the  former  soluble,  the  latter  insoluble,  in  ammonium  sulphide :  tin- 
salts  give  a  brown  or  a  jellow  precipitate,  according  as  the  metal  is  in  the 
form  of  a  stannous  or  a  stannic  salt ;  both  soluble  in  ammonium  sulphide. 
Antimony  solutions  give  an  orange-red  precipitate  soluble  in  ammonium 
sulphide.  Copper,  lead,  bismuth,  mercury,  and  silver  salts  give  dark-brown 
or  black  precipitaU'^s,  insoluble  in  ammonium  sulphide  ;  gold  and  platinum 
salts,  black  precipitates,  soluble  in  ammonium  snlphide. 

Hydrogen  sulphide  possesses  the  properties  of  an  acid :  its  solution  in 
water  reddens  litmus-paper. 

The  best  test  for  the  presence  of  this  compound  is  x>aper  wetted  with  solu- 
tion of  lead  acetate.     This  salt  is  blackened  by  the  smallest  trace  of  the  gas. 

Hy drogen  Pe rttilphide . — ^This  very  unstable  substance  is  prepared 
by  the  following  means  : — 

Equal  weights  of  slaked  lime  and  flowers  of  sulphur  are  boiled  with  5 
or  6  parts  of  water  for  half  an  hour,  whereby  a  deep  orange-colored  solu- 
tion is  produced,  containing  among  other  things,  calcium  disulphide.  This 
is  filtered,  and  slowly  added  to  an  excess  of  dilute  sulphuric  acid,  with 
constant  agitation.  A  white  precipitate  of  separated  sulphur  and  calcium 
sulphate  then  makes  its  appearance,  together  with  a  quantity  of  yellow 
oily-looking  matter,  which  collects  at  the  bottom  of  the  vessel :  this  is 
hydrogen  persulphide. 

This  compound  is  generally  regarded  as  a  disulphide  of  hydrogen,  11,8,, 
analogous  to  the  dioxide,  but  its  great  instability  prevents  the  determina- 
tion of  its  composition  by  direct  analysis.  Uofmann,  however,  by  treating 
strychnine  in  alcoholic  solution  with  ammonium  sulphide  containing  free 
sulphur,  has  obtained  an  orange-red  crystalline  compound,  C,jII„NjO^.HySj, 
which  is  resolved  by  sulphuric  acid  into  soluble  strychnine  sulphate  and 
a  yellow  oily  liquid  resembling  the  persulphide  of  hydrogen  obtained  as 
above.  Hence  it  might  be  inferred  that  this  persulphide  is  really  a  ses- 
quisulphide  U^S, ;  but  begins  to  decompose  as  soon  as  separated.*  .  On 
the  other  hand,  E.  Schmidt,  by  treating  an  alcoholic  solution  of  strych- 
nine with  sulphuretted  hydrogen,  has  obtained  a  compound  containing 
2C„H22N,02.31I^j.  The  composition  of  hydrogen  persulphide  must  there- 
fore be  regarded  as  still  undecided. 

Hydrogen  persulphide  dissolves  phosphorus  and  iodine,  forming  a  phos- 
phorus sulphide  and  hydrogen  iodide  respectively,  with  evolution  of  sul- 
phuretted hydrog'^n.  With  chlorine  it  forms  hydrochloric  acid  and  sulphur 
chloride,  S^Cl^.  Bromine  acts  in  a  similar  manner.  Ammonia,  either 
gaseous  or  in  aqueous  solution,  decomposes  it  instantly,  leaving  sulphur 
in  a  peculiarly  brittle,  blistered  state.  It  is  remarkable  that  sulphurous 
acid,  which  rapidly  decomposes  hydrogen  monosulphide,  with  separation 
of  sulphur,  has  scarcely  any  action  on  the  persulphide.  f 

Carbon  and  Sulphur, 

Two  compounds  of  these  elements  are  known,  viz. :  the  disulphide  pro- 
daced  by  the  direct  combination  of  its  elements  at  a  high  temperature,  and 
the  monosulphide,  produced  by  redudtion  of  the  disulphide. 

Carbon  Disnlphlde,  or  Blsnlphide,  CSj. — ^To  prepare  this  compound 
a  wide  porcelain  tube  filled  with  pieces  of  charcoal  w^hich  have  been  re- 

»  Bprichte  der  deutfch  Chem.  Gk^iellschaft,  1868,  p.  81. 

t  I^iebif^-s  Anoftlen,  clxxx.  287. 

X  W.  Ramiay,  Chem.  Soo.  Journ.  1874,  867. 
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centlj  heated  to  redness  in  a  covered  crucible,  is  fixed  across  a  furnace  in 
a  slightly  inclined  position.  Into  the  lower  extremity  a  tolerably  wide 
tube  is  secured  by  the  aid  of  a  cork :  this  tube  bends  downwards,  and 
passes  nearly  to  the  bottom  of  a  bottle  filled  with  fragments  of  ice  and  a 
little  water.  The  porcelain  tube  being  heated  to  bright  redness,  fragments 
of  sulphur  are  thrown  into  the  open  end,  which  is  immediately  afterwards 
stopp^  by  a  cork.  The  sulphur  melts,  and  becomes  converted  into  vapor, 
which  at  that  high  temperature  combines  with  the  carbon,  fonuing  an  ex- 
ceedingly volatile  compound,  which  is  condensed  by  the  ice  and  collects  at 
the  bottom  of  the  vessel.  This  is  collected  and  redistilled  at  a  very  gentle 
heat  in  a  retort  connected  with  a  good  condenser. 

For  preparation  on  the  large  scale,  a  tubulated  earthen  retort  is  filled 
with  charcoal,  and  the  sulphur  is  dropped  in  through  a  porcelain  tube 
passing  through  the  tubulus  and  reaching  nearly  to  the  bottom ;  or  the 
charcoal  is  contained  in  a  large  iron  cylinder,  and  the  sulphur  introduced 
through  a  pipe  fitted  into  the  lower  part. 

Carbon  disulphide  ifi  a  transparent,  colorless  liquid  of  great  refractive 
and  dispersive  power.  Its  density  is  1.272,  that  of  its  vapor  is  2.C7.  It 
boils  at  430  C.  (IIOO  F.),  and  emits  vapor  of  considerable  elasticity  at 
common  temperatures.  In  its  ordinary  state,  it  has  a  very  repulsive  odor, 
due  perhaps  to  the  presence  of  small  quantities  of  other  volatile  sulphur- 
compounds  ;  but  when  these  are  removed  by  agitating  the  liquid  with 
mercury  till  it  ceases  to  blacken  the  bright  surface  of  the  metal,  it  is  said 
to  have  a  pure  ethereal  odor.  When  set  on  fire  in  the  air,  it  burns  with  a 
blue  flame,  forming  carbon  dioxide  and  sulphur  dioxide ;  and  when  its 
vapor  is  mixed  with  oxygen,  it  becomes  explosive.  Carbon  disulphide, 
when  heated  with  water  in  a  scaled  tube  to  about  1530  C.  (307^  F,),  is 
converted  into  carbon  dioxide  and  hydrogen  sulphide.  In  contact  with 
nascent  hydrogen  (when  heated  with  zinc  and  dilute  sulphuric  acid),  it  is 
converted  into  a  white  crystalline  substance,  having  the  composition 
CII,S,  crystallizing  in  square  prisms,  insoluble  in  water,  alcohol,  and  ether, 
but  soluble  in  carbon  disulphide,  subliming  at  150O  C.  (302O  F.),  and  do- 
composing  at  20(P  C.  (392^  F.).  Carbon  disulphide  freely  dissolves  sul- 
phur, and  by  spontaneous  evaporation  deposits  the  latter  in  beautiful 
crystals  ;  it  also  dissolves  phosphorus,  iodine,  camphor,  and  caoutchouc, 
and  mixes  easily  with  oils.  It  is  extensively  used  in  the  vulcanization  of 
caoutchouc,  and  in  the  manufacture  of  gutta  percha ;  also  for  extracting 
bitumen  from  mineral  substances,  and  oil  from  seeds. 

Carbon  disulphide  unites  with  metallic  sulphides,  forming  salts  called 
sulphocarbonates,  which  have  the  composition  of  carbonates  with 
the  oxygen  replaced  by  sulphur. 

Calcium  carbonate,  CaCO,    =    CaO.CO, 

Calcium  sulphocarbonate,  CaCSj    ssa    CaS.CS, 

Hydrogen  sulphocarbonate,  II3CS,    ^    Il,S.CSj 

By  treating  the  ammonium  salt  with  dilute  sulphuric  or  hydrochloric  acid, 
an  oily  acid  liquid  is  precipitated,  consisting  of  hydrogen  sulphocarbonate, 
or  sulphocarbonio  acid. 

Carbon  Monosnlphide,  CS,  recently  discovered  by  Sidot,*  is  ob- 
tained by  exposing  the  disulphide  in  sealed  tubes  for  a  considerable  time 
to  direct  sunshine.  It  is  then  precipitated  as  a  brown  powder,  which  may 
be  purified  by  distilling  off  the  undecomposed  disulphide,  and  washing  the 
residual  mixture  of  monosulphide  and  free  sulphur  with  pure  disulphide 
till  all  the  free  sulphur  is  removed.    It  is  a  maroon-colored  powder,  with- 

*  Comptes  Rend  us,  Ixxxi.  Z2, 
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out  tAste  or  smell,  and  having  a  specific  gravity  of  1.66.  It  is  insoluble 
in  water,  alcohol,  tarpentine-oil,  and  benzine,,  slightly  soluble  at  the  boil- 
iug  heat  in  carbon  disulphide  and  in  ether.  It  dissolves  also  in  caustic 
potash  and  in  boiling  nitric  acid ;  the  strongest  nitric  acid  ignites  it.  At 
about  200O  C.  (392P  F.)  it  is  resolved  into  its  elemento,  a  small  quantity 
of  the  disulphide  being  formed  at  the  same  time. 

According  to  S.  £em,*  carbon  mouosulphide  is  also  formed  by  the  pro- 
longed action  of  iron  wire  on  the  disulphide  in  sealed  tubes. 

Carbon  Ozyflnlphide,  COS. — ^This  compound,  discovered  by  Than,  is 
produced  by  direct  combination  when  carlx>n  monoxide  mixed  with  sul- 
phur-vapor is  passed  through  a  red-hot  porcelain  tube.  As  thus  prepared 
it  is  mixed  with  free  carbon  monoxide ;  but  on  passing  the  gas  through 
alcoholic  potash,  the  oxysulphide  is  alone  absorbed,  and  may  be  liberated 
in  the  pure  state  by  treating  the  solution  with  hydrochloric  acid. 

Carbon  oxysulphide  is  also  produced  by  gently  heating  the  disulphide 
with  an  equivalent  quantity  of  sulphur  trioxide :  CS,  4~  ^^s  °^  CSO  4~ 
SO,  4-  S ;  and  by  decomposing  potassium  sulphocyanate  with  moderately 
dilute-acids :  sulphocyanic  acid  UCNS  is  then  liberated  and  decomposed 
by  the  water  present  in  the  manner  represented  by  the  equation — 

HCSN  +  H,0  =  NHj  +  CSO. 

Carbon  oxysulphide  is  a  gas  of  sp.  gr.  2.1046,  and  may  easily  be  poured 
from  one  vessel  to  another.  It  has  an  aromatic  odor  like  that  of  some 
rt^ins,  slightly  also  that  of  hydrogen  sulphide,  and  a  feebler  acid  reaction 
than  carbon  dioxide.  At  a  low  red  heat  it  is  partly  resolved  into  carbon 
monoxide  and  sulphur-vapor ;  by  a  fine  platinum  wire  ignited  by  the 
electric  carrent,  it  is  slowly  but  completely  decomposed,  yielding  an  equal 
volume  of  carbon  monoxide.  It  burns  in  the  air  with  a  faint  blue  flame, 
producing  carbon  dioxide  and  sulphur  dioxide  ;  with  1^  vol.  oxygen,  it 
fomu  an  explosive  mixture,  burning  with  a  shining  bluish-white  fianie.  It 
is  not  acted  upon  by  chlorine  or  fuming  nitric  acid  at  ordinary  tempera- 
tares,  and  does  not  form  an  explosive  mixture  with  nitrogen  dioxide. 

Water  absorbs  about  its  own  volume  of  carbon  oxysulphide,  acquiring 
a  sweetish  and  afterwards  a  pungent  taste,  and  decomposing  it  after  some 
time.  It  appears  to  exist  in  some  sulphur  springs  and  in  the  sulphurous 
gases  of  volcanos.  Potash-solution  absorbs  the  gas  as  completely  as  carbon 
dioxide,  though  less  quickly  ;  the  solution  exhibits  the  reaction  of  metallic 
sulphides,  and  when  treated  with  acids  gives  off  hydrogen  sulphide  and 
carbon  dioxide.  Baryta  water,  and  lime-water  act  in  a  similar  manner. 
Neutral  or  acid  solutions  of  lead,  oopper,  cadiuium,  and  silver  salts  are 
not  precipitated  by  the  gas,  but  when  mixed  with  excess  of  ammonia  they 
yield  with  it  characteristic  precipitates  of  metallic  sulphides. f 

Sulphur  and  Chlorine. 

Three  chlorides  of  sulphur  are  known,  represented  by  the  formulae, 
S^Clj,  SCI,,  and  SCl^. 

The  monochloride,  SCI  or  S,Clj,  which  may  also  be  regarded  as  a  disul- 
phide of  chlorine,  analogous  in  composition  to  hydrogen  dioxide,  is  pre- 
pared by  passing  dry  chlorine-gas  into  a  retort  in  which  sulphur  is 
sublimed  at  a  gentle  heat.  It  then  distils  over,  and  may  be  collected  in 
a  receiver  surrounded  by  cold  water,  and  freed  from  excess  of  sulphur  by 

•  Chemleal  News,  xxxiii.  268. 

t  See  further,  W»ttB»B  Dictionary  of  Chemistry,  First  Supplement,  p.  406 ;  Second 
Supplement,  p.  202. 
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rectification.  It  is  also  produced  hy  distilling  a  mixture  of  1  part  sulphur 
with  9  parts  stannic  chloride,  or  8.5  parts  mercuric  chloride. 

Dlsulphide  of  chlorine  is  a  mobile  reddish-yellow,  liquid,  having  a 
peculiar,  penetrating,  disagreeable  odor,  and  fuming  strongly  in  the  air. 
Specific  gravity  =  1.637.  It  boils  at  136^  C.  (27().80  F.).  It  dissolves 
in  carbon  disulphide,  alcohol,  and  ether,  not  however  without  decomposi- 
tion in  the  two  latter.  It  dissolves  sulphur  in  large  quantities,  especially 
when  heated.  When  saturated  with  sulphur  at  ordinary  temperatures, 
it  forms  a  clear  yellow  liquid  of  specific  gravity  1.7,  and  containing  alto- 
gether 66.7  per  cent,  sulphur.  The  solution  of  chlorine  disulphide  with 
excess  of  sulphur  in  crude  benzol,  is  used  for  vulcanizing  or  sulphurizing 
caoutchouc.  It  is  instantly  decomposed  by  water,  with  formation  of  hy- 
drochloric and  thiosulphuric  acids,  and  separation  of  sulphur,  the  thio- 
sulphuric  acid  in  its  turn  decomposing  into  sulphur  and  sulphurous  acid, 
2S,Cla  +  3H,0  =  4HC1  +  S,  +  U,S.,Os  (or  U,SO,  +  S). 

The  dichloride,  SC1„  is  produced  by  passing  chlorine  to  saturation  into 
the  preceding  compound  cooled  by  a  mixture  of  ice  and  salt,  and  expelling 
the  excess  of  chlorine  by  a  stream  of  carbon  dioxide.  The  product  is  a 
deep  red  liquid  boiling  at  164^  C.  (327.2^  F.),  and  containing  30.5  ]>er 
cent,  of  sulphur,  69.5  of  chlorine,  agreeing  nearly  with  the  formula  SCl^, 
which  requires  31.07  per  cent,  sulphur  and  68.93  chlorine. 

The  tetrachloride^  SCl^,  is  prepared  by  saturating  chlorine  disulphide 
with  chlorine  at  — 20O  C.  ( — 1^  F.).  The  product  contains  81.59  i>er 
cent,  chlorine  and  18.41  sulphur,  the  numbers  calculated  from  the  formula 
SCI4  being  81.61  and  18.39.  Sulphur  tetrachloride  is  acted  upon  by  sul- 
phuric oxide,  producing  sulphurous  chloride  together  with  chlorine  and 
sulphurous  oxide :  thus — 

SCI,  4-  SO,  =  SOCl,  +  CI,  +  SO, .» 

Ozychlorides. — 1.  Sulphurous  Chloride^  SOCl,. — ^This  compound,  also 
called  Chloride  of  Thionyly  is  derived  from  sulphurous  acid,  SOjH,  or  SO. 
HO.  110,  by  the  substitution  of  2C1  for  2II0.  It  is  formed  by  the  action 
of  water,  alcohols,  acids,  etc.,  on  the  sulphides  of  chlorine  ;  but  is  more 
easily  prepared  by  the  action  of  phosphorus  pentachloride  on  sulphurous 
oxide,  or  by  that  of  phosphorus  oxychloride  on  c  jlphite  of  calcium : — 

SO,  -I-  PCI5  =  POOs  +  SOCl, . 
SCaSO,  4-  2P0C1,  =  CajPjOg  +  3S0C1, . 

It  is  separated  by  distillation  from  the  fixed  calcium  phosphate  produced 
simultaneously  in  the  second,  and  by  fractional  distillation  from  the 
phosphorus  oxychloride  produwd  in  the  first  reaction. 

Sulphurous  chloride  is  a  colorless,  strongly  refracting  liquid,  which 
boils  at  820  C.  (179. 6°  F.).  It  is  decomposed  by  water,  yielding  hydro- 
chloric and  sulphurous  acids  ;  and  by  alcohols,  with  formation  of  alooholio 
chlorides  and  sulphurous  acid,  thus  :— « 

SOCl,    +    2H,0    =    2HC1    +    H,SO, 

SOCl,    +     2(C,H.)H0    8=    2CaH,Cl    +     HjSOj . 
Ethyl  alcohol      Ethyl  chloride. 

Sulphuric  chloride^  or  Sulphury!  chloride^  SOjCl,  (also  called  Chlorosulphurie 
acirf),  is  formed  by  prolonged  exposure  of  a  mixture  of  chlorine  and  sul- 
phurous oxide  gases  to  strong  sunshine ;  also,  together  with  phosphorus 

*  Respecting  other  reactions  of  the  chlorides  of  sulphur,  and  espeolally  their 
decomposition  by  heat,  see  Watts's  Dictionary  of  Chemistry,  Second  Supplement, 
p.  112-). 
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oxTcUoride,  hy  the  action  of  phosphorus  pentachloride  on  snlphurio 
oxide  : — 

SO3  +  PCI5  »  POa,  +  SOjCL, ; 

but  it  is  best  prepared  bj  distilling  strong  sulphuric  acid  with  the  penta- 
chloride, or  lead  sulphate  with  the  oxychloride  of  phosphorus  : — 

HjSO^      +     2PCii      =    SOjCl,      +     2P0Clj    +     2UC1 

3PbS0^    +     2P0C1,    «    3S0,C1,    +     PbjPjOg 

Lead  phosphate. 

Sulphuric  chloride  is  a  colorless  fuming  liquid,  of  specific  gravity  1.66. 
It  boils  at  770c.  (170.60 F.),  and  may  be  distilled  unchanged  over  caustic 
lime  or  baryta.  When  poured  into  water,  it  sinks  in  the  form  of  oily 
drops,  which  gradually  disappear,  being  converted  into  hydrochloric  and 
sulphuric  acids  : — 

SOjCl,  4-  2H,0  =  2HC1  +  HjSO^ . 

With  alcohol  it  behaves  in  a  similar  manner,  thus  : — 

SOjCl,  +  2(C,H5)HO  «  2C,H5a  +  HgSO,. 

In  the  actual  reaction,  however,  the  sulphuric  acid  is  converted  into 
ethyls ulphuric  acid  by  the  intervention  of  another  atom  of  alcohol : — 

H^O^  +  (CjiyHO  =  HjO  +  (CjH5)nS0^. 

Snlphuric  Hydrozyohlorlde  or  Chlorhydrate,  HCISO,  or  SO2.IIO. 
CI  (also  called  Chlorkydrosulphurous  Acid). — ^This  compound,  discovered  by 
Williamson,  is  intermediate  in  composition  between  sulphuric  acid  and 
sulphuric  chloride,  is  derived  from  sulphuric  acid,  SO^IIj  or  SOj.IIO.IlO, 
by  the  substitution  of  IQ  for  IHO.  It  is  the  first  product  of  the  action  of 
phosphorus  pentachloride  on  strong  sulphuric  acid : — 

sOj.HO.HO  +  PCI5  =  poa,  +  Ha  +  so,.no.ci. 

As  thus  prepared  it  is  mixed  with  sulphuric  chloride ;  but  it  may  be  ob- 
tained pure  by  treating  sulphuric  acid  with  phosphorus  oxychloride, 
hydrochloric  acid  and  metaphosphoric  acid  being  produced  at  the  same 
time : — 

2(SO,.HO.H0)  +  POClj  =  2(S0,.H0.a)  -f-  HQ  +  HPO,. 
It  is  also  formed  by  the  action  of  water  on  sulphuric  chloride : 

sOjCi^  +  H,o  =  Ha  +  HasOj. 

Sulphuric  hydroxychloride  is  a  colorless  liquid,  which  boils  at  about 
150OC.  (302O  F.),  being  at  the  same  time  partially  resolved  into  sulphuric 
acid  and  sulphuric  chloride  :  2HC1S08  =  H,SO^  -f  Cl^SOj.  W^hen  poured 
into  water,  it  sinks  to  the  bottom  and  gradually  dissolves,  with  formation 
of  hydrochloric  and  sulphuric  acids.  It  has  decided  acid  properties,  and 
forms  definite  salts  in  which  its  >'ydrogen  is  replaced  by  metals.  Thus  it 
dissolves  sodium  chloride  at  a  gentle  heat,  with  evolution  of  hydrochloric 
acid,  and  formation  of  the  salt  NaaSOg. 

Pifrofulpkuric  Chloride,  SjO^Clj  or  (SO^a)^. — ^This  compound  is  formed 
on  heating  together  phosphorus  pentachloride  and  sulphuric  oxide  : — 

pa^  +  2S0, »  s^ci,  +  Poa, , 

18 
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and  hj  the  action  of  phosphorns  pentachloride  on  snlphurio  hydroxychlo- 
rid© : — 

PClg  +  2S0,C10H  =  (SOaCl),0  +  POCl,  +  2nCl. 

It  is  a  colorless  oily  liquid  of  sp.  gr.  1.819  at  18°  C.  (64.4°  F.),  boiling  at 
14CO  C.  (294. 80  F.).  In  contact  with  water  it  decomposes  slowly  and 
noiselessly y  and  is  thus  distinguished  from  sulphuric  hydroxychloride, 
which  is  rapidly  decomposed,  with  almost  explosive  violence,  when  thrown 
into  water.  When  heated  above  its  boiling  point,  it  is  resolved  into  chlo- 
rine, sulphurous  oxide,  and  sulphuric  oxide  : — 

SjOjCl,  =  SO,  +  SO,  +  CI,. 

When  submitted  to  the  action  of   phosphorus  pentachloride,  it  yields 
chlorine,  sulphurous  oxide,  and  phosphorus  oxychloride  : — 

BACl,  +  PCI5  =  FOCI,  +  2S0,  +  2C1,. 

Carbon  Snlphoohlorlde,  CSCI,. — ^Tliis  compound,  the  sulphur-ana- 
logue of  car  bony  1  chloride  or  phosgene  (p.  164),  is  produced,  together  with 
chlorine  monosulphide,  by  the  action  of  dry  chlorine  on  carbon  disulphide : 
CS,  -4"  CI4  ^  SCI,  4-  CSCl,,  or  by  passing  a  mixture  of  hydrogen  sulphide  and 
vapor  of  carbon  tetrachloride  through  a  red-hot  tube :  CCl^  +  H,S  =s2HCl  -{• 
CSCl,.  It  is  a  yellow  liquid  having  a  very  irritating  odor,  not  acted  upon 
by  water  or  acids,  but  decomposed  by  potash,  yielding  potassium  sulphide, 
potassium  carbonate,  and  carbon  tetrachloride  : — 

2CSC1,  +  3K,0  =  2K,S  +  K^CO,  +  CCi^. 

Bulphur  and  Bromine. — Bromine  dissolves  sulphur,  forming  a  brown 
red  liquid  probably  containing  a  sulphur  bromide  analogous  to  sulphur 
monochloride  ;  but  it  has  not  been  obtained  pure. 

Bnlphor  and  Iodine. — ^These  elements  combine  when  lieated  together, 
even  under  water.  The  resulting  compound,  Sjl,,  containing  32  parts  of 
sulphur  and  127  parts  of  iodine,  is  a  blackish-gray  radio-crystalline  mass, 
resembling  native  antimony  sulphide.  It  decomposes  at  higher  tempera- 
tures, giving  off  iodine  on  exposure  to  the  air,  and  is  insoluble  in  water. 
By  heating  254  parts  of  iodine  with  32  parts  of  sulphur,  a  compound  is 
obtained  which  smells  like  iodine,  and  is  said  to  be  a  powerful  remedy  in 
skin  diseases.  A  cinnabar-red  sulphur  iodide  is  obtained,  according  to 
Grofiourdi,  by  precipitating  iodine  trichloride  with  hydrogen  sulphide. 


BELEKItJM. 

Atomio  weight,  70.4.    Symbol,  S«. 

This  is  a  very  rare  substance,  much  resembling  sulphur  in  its  chemical 
relations,  and  found  in  association  with  that  element  in  some  few  localities, 
or  replacing  it  in  certain  metallic  combinations,  as  in  the  lead  selenide  of 
Clausthal  in  the  Hartz.  To  separate  it,  the  pulverized  ore  is  treated  with 
hydrochloric  acid  to  dissolve  earthy  carbonates,  and  the  washed  and  dried 
residue  is  ignited  for  some  time  with  an  equal  quantity  of  black  flux  (a 
mixture  of  potassium  carbonate  and  charcoal).     The  selenium  is  thereby 
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converted  into  potaasinm  selenide,  which  by  treatment  with  boiling  water 
is  dissolved  away  from  the  oxides  formed  at  the  same  time.  This  solution 
when  exposed  to  the  air  absorbs  oxygen,  and  yields  the  selenium  as  a  gray 
deposit,  which  may  be  purified  by  washing,  drying,  and  distillation.* 

Selenium  is  a  reddish-brown  solid  body,  somewhat  translucent,  and 
having  an  imperfect  metallic  lustre.  Its  specific  gravity,  when  rapidly 
cooled  after  fusion,  is  4.3.  At  10(P  C.  (2120  F.),  or  a  little  above,  it  melts, 
and  (joils.  It  is  insoluble  in  water,  and  exhales,  when  heated  in  the  air, 
a  peculiar  and  disagreeable  odor,  which  has  been  compared  to  that  of  de- 
caying horse-radish :  it  is  insoluble  in  alcohol,  but  dissolves  slightly  in 
carbon  bisulphide,  from  which  solution  it  crystallizes. 

Oxides  of  Seleoltun. — ^Two  oxides  of  selenium  are  known.  The  one 
containing  the  smallest  proportion  of  oxygen  is  formed  by  the  imperfect  com- 
bustion of  selenium  in  air  or  oxygen  gas.  It  is  a  colorless  gas  which  is  the 
source  of  the  peculiar  horse-radish  odor  above  mentioned.  Its  composition 
is  not  known. 

The  higher  oxide,  SeO,,  called  selenious  oxide,  is  produced  by 
burning  selenium  in  a  stream  of  oxygen  gas ;  it  contains  79.4  parts,  by 
weight,  of  selenium,  and  32  of  oxygen.  It  is  a  white  solid  substance  which 
absorbs  water  rapidly,  forming  a  hydroxide,  viz. — 

Selenium.   Oxygen.    Hydrogen.  Selenious  oxide.  Water. 
"'^HSe-' lenlte, }     '^"^    +     48+2  or  111.4    +     18 

This  acid,  HjSeO,  or  H^O.SeOgt  analogous  in  composition  and  properties 
to  sulphurous  acid,  is  likewise  produced  by  dissolving  selenium  in  nitric 
or  nitromuriatic  acid.  It  is  deposited  from  its  hot  aqueous  solution  by 
slow  cooling  in  prismatic  crystals  like  those  of  saltpetre ;  but  when  the 
solution  is  evaporated  to  dryness,  the  selenious  acid  is  resolved  into  water 
and  selenious  oxide,  which  sublimes  at  a  higher  temperature. 

Selenious  acid  is  a  very  powerful  acid,  approximating  to  sulphuric  acid 
in  the  energy  of  its  reactions.  It  reddens  litmus,  decomposes  carbonates 
with  effervescence,  and  decomposes  nitrates  and  chlorides  with  aid  of  heat. 
Its  solution  precipitates  lead  and  silver  salts,  and  is  decomposed  by  hydro- 
gen sulphide,  yielding  a  precipitate  of  selenium  sulphide  : — 

HjSeO,  +  2HjS  =  SUfi  +  SeS,. 

The  metallic  selenites  resemble  the  sulphites.  When  heated  with  sodium 
carbonate  in  the  inner  blow-pipe  flame,  they  emit  the  characteristic  odor 
of  selenium.     They  are  not  decomposed  by  boiling  with  hydrochloric  acid. 

Selenic  acid,  H^SeO^,  is  a  more  highly  oxidized  acid  of  selenium, 
analogous  to  sulphuric  acid,  and  containing  79.4  parts,  by  weight,  of 
selenium,  64  of  oxygen,  and  2  of  hydrogen.  The  corresponding  anhydrous 
oxide  is  not  known.  Selenic  acid  is  prepared  by  fusing  potassium  or  sodium 
nitrate  with  selenium,  precipitating  the  selenate  so  produced  with  a  lead 
salt,  and  then  decomposing  the  compound  with  hydrogen  sulphide.  The 
acid  strongly  resembles  oil  of  vitriol ;  but  when  very  much  concentrated, 
it  is  decomposed,  by  the  application  of  heat,  into  selenious  acid  and  oxygen. 
The  seleuates  bear  the  closest  analogy  to  the  sulphates  in  almost  every 
particular.  They  are  decomposed  by  boiling  with  hydrochloric  acid,  chlo- 
rine being  evolved  and  a  salt  of  selenious  acid  being  produced 

Hydrogen  Selenide;  Selenhifdric  Acid;  Selenietted  Flydrogen,  H,Se. — 
This  substance  is  produced  by  the  action  of  dilute  sulphuric  acid  upon 

*  For  further  def  Ails,  nnd  for  other  methods,  see  Gmelin's  Handbook  of  Chem- 
btry,  English  £tUtion,  vol.  il.  p.  232. 


208  TELLURIUM. 

selenide  of  potassinin  or  iron.  It  very  much  resembles  sulphuretted  hydro- 
gen, being  a  colorless  gas,  freely  soluble  in  water,  and  decomposing  metallio 
solutions  like  that  substance :  insoluble  selenites  are  produced.  This  gas 
is  said  to  act  very  powerfully  upon  the  lining  membrane  of  the  nose,  ex- 
citing catarrhal  symptoms,  and  destroying  the  sense  of  smell.  It  contains 
79.4  parts  selenium  and  2  parts  hydrogen. 


TEZiLURIXTM. 

Atomio  weight,  128.    Symbol,  Te. 


This  element  x>ossesses  many  of  the  characters  of  a  metal,  but  it  bears 
BO  close  a  resemblance  to  selenium,  both  in  its  physical  properties  and  its 
chemical  relations,  that  it  is  most  appropriately  placed  in  the  same  ^roup 
with  that  body.  Tellurium  is  found  in  a  few  scarce  minerals,  in  associa- 
tion with  gold,  silver,  lead,  and  bismuth,  apparently  replacing  sulphur, 
and  is  most  easily  extracted  from  the  bismuth  sulpho-telluride  of  Chemnitz 
ill  Hungary.  The  finely-powdered  ore  is  mixed  with  an  equal  weight  of 
dry  sodium  carbonate,  the  mixture  made  into  a  paste  with  oil,  and  heated 
to  whiteness  in  a  closely  covered  crucible.  Sodium  telluride  and  sulphide 
are  thereby  produced,  and  metallic  bismuth  is  set  free.  The  fused  mass 
is  dissolved  in  water,  and  the  solution  freely  exposed  to  the  air,  when  the 
sodium  and  sulphur  oxidize  to  sodium  hydrate  and  thiosulphate,  while  the 
tellurium  separates  in  the  metallic  state. 

Tellurium  has  the  color  and  lustre  of  silver ;  by  fusion  and  slow  cooling 
it  may  be  made  to  exhibit  the  form  of  rhombohedral  crystals  similar  to 
those  of  antimony  and  arsenic.  It  is  brittle,  and  a  comparatively  bad 
conductor  of  heat  and  electricity  :  it  has  a  density  of  6.26,  melts  at  a  little 
below  a  red-heat,  and  volatilizes  at  a  higher  temperature.  Tellurium 
burns  when  heated  in  the  air,  and  is  oxidized  by  nitric  acid. 

Tellurium  forms  two  oxides,  analogous  in  composition  to  the  oxides  of 
sulphur,  and  likewise  forming  acids  by  combination  with  water. 

Oomposition  by  weight. 


Formula. 

Hydrogen. 

Tellurium 

■ 

Oxygen. 

Tellurous  oxide,     TeO, 

128 

+ 

32 

acid,       HjTeO, 

2        + 

128 

+ 

48 

Telluric     oxide,    TeOj 

128 

+ 

48 

acid,       H2Te04 

2       + 

128 

+ 

64 

TellnroTUi  Ozide  may  be  prepared  by  heating  the  precipitated  acid  to 
low  reilness.  It  also  separates  in  semi-crystalline  grains  from  the  aqueous 
solution  of  the  acid  when  gently  heated ;  more  abundantly  and  in  well- 
defined  octohedrons  from  the  solution  of  tellurous  acid  in  nitric  acid.  It 
is  fusible  and  volatile,  slightly  soluble  in  water,  but  does  not  redden  lit- 
mus. When  fused  with  alkaline  hydroxides  or  carbonates,  it  forms  tellu- 
rites. 

Tellurous  Acid  is  best  obtained  by  decomposing  -tellurium  tetrachloride 
with  water.  It  may  also  be  prepared  by  dissolving  tellurium  in  nitric 
acid  of  sp.  gr.  1.25,  and  pouring  the  solution,  after  a  few  minutes,  into  a 
large  quantity  of  water.  By  either  process  it  is  obtained  as  a  somewhat 
bulky  precipitate,  which,  when  dried  over  oil  of  vitriol,  appears  as  a  light, 
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white,  earthy  mass,  having  a  hitter  metallic  taste.  It  is  slightly  soluble 
in  water,  more  easily  soluble  in  alkalies  and  acids,  the  nitric  acid  solution 
alone  being  unstable.  Sulphurous  acid,  zinc,  phosphorus,  and  other  re- 
ducing agents,  precipitate  metallic  tellurium  from  the  acidified  solution  of 
telluroua  acid.  Like  selenious  acid,  it  is  decomposed  by  hydrogen  sul- 
phide and  alkaline  hydrosulphides,  with  formation  of  a  dark  brown  tellu- 
rium sulphide,  which  dissolves  readily  in  excess  of  alkaline  hydrosulphide, 
forming  a  sulpho-tellurite. 

Tellurous  acid  is  a  hydroxide  in  which  the  acid  and  basic  tendencies  are 
nearly  balanced ;  in  other  words,  the  tellurium  of  the  compound  can  re- 
place the  hydrogen  of  an  acid  to  form  tellurous  salts,  and  the  hydrogen  of 
the  compound  can  be  replaced  by  the  basylous  metals,  to  form  metallic 
tellurites. 


Tellcbium  Salts. 
TeCSO^),        Sulphate. 
Te(N0,)4        Nitrate. 
Te(C,04),      Oxalate. 
TeCl^  Chloride. 


Tbllubitbs. 

HjTeOj  Hydrogen  tellurite. 

K,TeOs  Potassium  tellurite. 

HKTeOj  Hydrogen  and  potassium 
tellurite. 

HjK(TeOj),  Trihydropotassic  tellu- 
rite. 


The  tellnrites  of  potassium,  sodium,  barium,  strontium,  and  calcium, 
are  formed  by  fusing  tellurous  oxide  or  acid,  with  the  carbonates  of  the 
several  metals  in  the  required  proportions.  Tliese  tellurites  are  all  more 
or  less  soluble  in  water.  The  tellurites  of  the  other  metals,  which  are 
insoluble,  are  obtained  by  precipitation. 

Tellnrlo  Oxide  and  Acid. — Equal  parts  of  tellurous  oxide  and  godium 
carbonate  are  fused,  and  the  product  is  dissolved  in  water  ;  a  little  sodium 
hydrate  is  added,  and  a  stream  of  chlorine  passed  through  the  solution. 
The  liquid  is  next  saturated  with  ammonia,  and  mixed  with  solution  of 
barium  chloride,  by  which  a  whitt*  insoluble  precipitate  of  barium  tellurate 
is  thrown  down.  This  is  washed  and  digested  with  a  quarter  its  weight 
of  sulphuric  acid,  and  diluted  with  water.  The  filtered  solution  gives, 
on  evaporation  in  the  air,  large  crystals  of  telluric  acid,  which  have  the 
composition,  H,Te04.2H,0. 

Crystallized  telluric  acid  is  freely,  although  slowly,  soluble  in  water :  it 
has  a  metallic  taste,  and  reddens  litmus-paper.  The  crystals  give  off 
their  water  of  crystallization  at  lOOO,  and  the  remaining  acid,  HjTe04,  when 
strongly  heated,'  gives  off  more  water,  and  yields  the  anhydrous  oxide, 
TeO,,  which  is  then  insoluble  in  water,  and  even  in  a  boiling  alkaline 
liquid.  At  the  temperature  of  ignition,  telluric  oxide  loses  oxygen,  and 
passes  into  tellurous  oxide. 

The  tellurates  of  the  alkali-metals  are  soluble  in  water,  and  are  prepared 
by  dissolving  the  required  quantities  of  telluric  acid  and  an  alkaline  car- 
bonate in  hot  water.  The  other  tellurates  are  insoluble,  and  are  obtained 
by  precipitation. 

The  composition  of  the  alkaline  tellurates  is  exhibited  by  the  following 
formuljB : — 

Neutral  or  Bipotassic     )^m^n  /»*  ir  n  T^n 

tellurate  .     .     .     .      f  ^^^^*  ^^  K^O.TeO, 

^tunr^''"'^'^'!^"'"  }  HKTeO,  or  H,O.K,0.2Te03 

''''^^  t^llurl"'"-  }  HKTeO,.H,TeO,  or  3H,O.K,0.4TeO. 

"^"lufat*?' ^^''r^"*'!"    }  K,TeO,.3TeO,     or  K,0.4TeO, 

18* 
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Tellnrium  Sulphides.— Tellurium  forms  two  sulphides,  TeS,  and 
TeS  analogous  in  composition  to  the  oxides  ;  they  are  formed  by  the  action 
of  hvdroeen  sulphide  on  solutions  of  tellurous  and  tellui-ic  acid  respeo- 
tiveiV  They  are  brown  or  black  substances,  which  unite  with  metallic 
sulphides,  forming  salts  called  sulphotellurites  and  sulphotellurates. 

Hydrogen  Telluride,  R^Te.-^Tellurhydric  Add,  HydrotelluricAcid,  or 
Telluretted  Hudrogen.'-ThiB  compound  is  a  gas,  resembling  sulphuretted 
and  seleniettid  hydrogen.  It  is  prepared  by  the  action  of  ^y^^<^;^<^ 
acid  on  zinc  telluride.  It  dissolves  m  water  forming  a  colorless  liquid, 
which  precipitates  most  metals  from  their  solutions,  and  depoaits  tellurium 
on  exposure  to  the  air. 

Tellnrium  Chlorides.— Tellurium  forms  a  dichloride,  TeCl,,  and  a 
tetrachloride,  TeCL,  both  volatile  and  decomposible  by  excess  of  water, 
the  latter  being  completely  resolved  into  tellurous  and  hydrochloric  acids  : 
TeCL  +  3H,0  =  4HC1  +  HjTeOs.  .  ,     .    . 

The  tetrachloride  unites  with  the  chlorides  of  the  alkaU-metals,  to  form 
orystallizable  double  salts. 

The  bromides  and  iodides  of  tellurium  correspond  with  the  chlorides  m  pro- 
perties and  composition. 

Ck)mpounds  of  the  halogen-acids  with  tellurous  oxide  are  also  known. 
When  this  oxide  is  exposed  to  the  action  of  gaseous  hydrogen  bromide  in  a 
vessel  cooled  to  — 14^,  the  compound  TeOg.3HBr  is  formed  in  groups  of  small 
nearly  black  scales  resembling  iodine.  At  40°  this  compound  gives  off 
HBr,  and  is  reduced  to  TeOg.2HBr,  which,  when  heated  to  300O,  is  resolved 
into  water  and  a  yellow  oxybromide:  TeO,.2HBr=H20+TeOBr, ;  and 
at  a  still  higher  temperature  this  oxybromide  is  decomposed  into  the 
tetrabromide  and  tellurous  oxide  :  2TeOBrj  ==  TeBr^ 4-  TeOg.  The  te- 
trabromide  passes  off  in  black  vapors,  and  crystallizes  on  cooling  in  dark 
brown  needles. 

Tellurous  oxide  is  decomposed  by  hydriodic  acid  at  ordinary  temperatures, 
but  absorbs  it  at  — 150,  forming  a  compound  which  decomposes  as  the 
temperature  rises.  Tellurous  oxide  likewise  absorbs  anhydrous  hydrofluoric 
acid. 


BORON. 

Atomio  weight,  11.    Symbol,  R 


This  element,  the  basis  of  boric  or  boracic  acid,  is  prepared  by  heating 
the  double  fluoride  of  boron  and  potassium  with  metallic  potassium  in  a 
small  iron  vessel,  and  washing  out  the  soluble  salts  with  water.  It  is  a 
dull,  greenish-brown  powder,  which  burns  in  the  air  when  heated,  pro- 
ducing boric  oxide.  Nitric  acid,  alkalies  in  the  fused  state,  chlorine,  and 
other  agents,  attack  it  readily.* 

Boric  Oxidb  and  Acid. — ^There  is  but  one  oxide  of  boron,  namely,  boric 
oxide,  BjO„  containing  22  parts  of  boron  and  48  of  oxygen.  It  unites 
with  water  and  metallic  oxides,  forming  boric  acid  and  metallic  borates.    * 

*  Wohler  And  Devillc,  in  18-'SS,  by  fusing  boric  oxide  with  aluminium,  obtained 
very  tiard  octohedrAl  crystAls  and  n  graph Ite-lilce  Bubstance,  which  they  regarded 
as  modifications  of  boron  analogous  to  the  diamond  and  graphite  varictiea  of 
carbon  ;  but  subsequent  observations  have  shown  that  both  these  substances  are 
compounds  of  boron  and  aluminium.    (See  Aluminium  ) 
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Boric  or  Boracic  Acid,  or  Hydrogen  Borate,  HjBOj  or  ZRfi.Bfi^,  contains 
11  parts  boron,  48  oxygen,  and  3  hydrogen,  or  70  parts  boric  oxide,  and 
54  water.  It  us  found  in  solution  in  the  water  of  the  hot  volcanic  lagoons 
of  Tuscany,  whence  a  large  supply  is  at  present  derived.  It  is  also  easily 
made  by  decomposing  with  sulphuric  acid  a  hot  solution  of  borax,  which 
is  an  acid  borate  of  sodium,  occurring  abundantly  in  certain  salt  lakes  of 
India,  Thibet,  and  other  parts  of  Asia. 

Boric  acid  crystallizes  in  transparent  colorless  plates,  soluble  in  about 
25  parts  of  cold  water,  and  in  a  much  smaller  quantity  at  the  boiling 
heat;  the  acid  has  but  little  taste,  and  feebly  affects  vegetable  colors. 
When  heated,  it  loses  water,  and  melts  to  a  glassy  transparent  mass  of 
anhydrous  boric  oxide,  which  dissolves  many  metallic  oxides  with  great 
ease.  The  crystals  dissolve  in  alcohol,  and  the  solution  burns  with  a 
green  flame. 

Glassy  boric  oxide  in  a  state  of  fusion  requires  for  its  dissipation  in 
vapor  a  very  intense  and  long-continued  heat ;  the  aqueous  solution  can- 
not, however,  be  evaporated  without  very  appreciable  loss  by  volatiliza- 
tion :  hence  it  is  probable  that  the  acid  is  far  more  volatile  than  the 
anhydrous  oxide. 

Boron  Nitride,  BN. — ^This  compound,  containing  11  parts  of  boron 
and  14  of  nitrogen,  is  produced  by  heating  boric  oxide  with  metallic 
cyanides,  or  by  heating  to  bright  redness  a  mixture  of  sal-ammoniac  and 
pure  anhydrous  borax,  or  sodium  biborate,  Naj0.2B203  :-^ 

Na,0.2B,08  +  2NH4CI  =  2BN  +  BjO,  +  2NaCl  -f-  4H,0 . 

It  is  a  white  amorphous  powder,  insoluble  in  water,  infusible,  and  non- 
volatile. When  heated  in  a  current  of  steam,  it  yields  ammonia  and  boric 
oxide  :  2B1^  +  3H,0  =  2NH8  -|-  BjOj,  and  likewise  gives  oflF  a  large  quan- 
tity of  ammonia  when  fused  with  potash. 

Boron  Chloride,  BCI3,  was  formerly  believed  to  be  a  permanent  gas  ; 
but  recent  researches  have  proved  that  it  is  a  liquid,  boilinsj  at  17^  C. 
(62.eo  F.),  according  to  Wohler  and  Deville,  at  18.230  C.  '(64.80  F.) 
under  a  pressure  of  2760  millimetres  (Regnault).  It  is  decomposed  by 
water,  with  production  of  boric  and  hydrochloric  acids,  and  fuming 
strongly  in  the  air.  It  is  most  easily  obtained  by  exposing  to  the  action 
of  dry  chlorine,  at  a  very  high  temperature,  an  intimate  mixture  ot  glassy 
boric  oxide  and  charcoal. 

There  is  also  a  Boron  Brtmide  of  similar  constitution. 

Boron  Fluoride,  BF„  is  obtained  by  heating  in  a  glass  flask  or  retort 
1  part  of  vitrified  boric  oxide,  2  of  fluor-spar,  and  12  of  oil  of  vitriol.  It 
is  a  transparent  gas,  very  soluble  in  water,  very  heavy,  and  forming 
dense  fames  in  the  air. 


SILICON  or  SILICItJM. 

Atomic  weight,  28.    Symbol,  Si. 


This  element  in  anion  with  oxygen  constitutes  silica  or  the  earth  of 
flints,  in  which  form  it  enters  largely  into  the  composition  of  many  of  the 
rocks  and  mineral  masses  of  which  the  surface  of  the  earth  is  composed. 
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The  following  process  yields  silicon  most  readil}' ;  The  doable  fluoride  nt 
Hilioon  and  potassium  ia  healed  in  a  gloss  ialm  vith  nuarljr  its  own  weight 
of  metallic  polaesiuiu  ;  violent  roaotiiin  ensiii.-e,  oud  silicon  is  art  free. 
Wliuii  cold,  Iho  coutBUts  of  tlie  tube  are  put  into  cold  wstfT,  whiuh  re- 
mores  the  saliue  lualtcr  and  an/  residual  potassium,  and  leaves  (he  sili- 
oon  untouched.  So  prepared,  silicou  is  a  dark^brown  powder,  destitute 
of  lustre.  Heated  in  the  air,  it  burns,  and  hecomes  superfiuiall/  converted 
into  ailioa.  It  is  also  acted  u|Hin  by  sulphur  and  by  chlorine.  Whun 
eiliuau  ia  gtrougly  heated  in  a  covered  crucible,  its  properties  are  greatly 
changod  ;  it  bwomes  darker  in  color,  denser,  and  incombustible,  refusing 
to  burn  even  when  heated  by  the  flame  of  the  oxy-hydrogen  blowpipe. 

Silicon,  tike  carbon,  in  capable  of  exieting  in  three  different  modifica- 
tions. The  modiScation  above  mentioned  oorrca pond n  with  the  amorphous 
variety  of  carbon  (iamp-black).  The  researches  of  WShler  and  Deville 
have  established  the  existence  of  modiflcationa  corresponding  with  the  dia- 
mond, and  with  the  graphite  variety  of  carbon.  Tlie  diamond  modilica- 
tion  of  silicon  ia  most  readily  obtained  by  introducing  into  a  red-hot  cru- 
cible a  mixture  of  3  parts  of  potassium  sili co-fluoride,  1  part  of  sodinm  in 
amall  fragments,  and  1  part  of  granulated  zinc,  and  heating  to  perfect  fusion. 
On  slowly  cooling,  there  is  formed  a  button  of  zinc,  covered  and  inter- 
spersed with  needle-shaped  crystals  consisting  of  octohedrona  Joined  in  the 
direction  of  the  axis.  This  cryatAllized  silicon,  which  may  be  readily  freed 
from  lino  by  treatment  with  acids,  resembles  crystalliied  hsmalile  in  color 
and  appearance ;  it  scratches  glass,  and  fuses  at  a  leinpi'rature  approaching 
the  melting  point  of  cHst-iron.  The  graphite  modificatiun  of  silicon  is  pro- 
pared  by  fusing,  in  a  llesaian  crucible,  5  parte  of  soluble  glass  (potassium 
silicate),  10  parts  of  cryolite  (sodium  and  aluminium  fluoride),  and  1  part 
of  aluminium.  On  treating  the  resulting  button  of  aluminium  with  hydro- 
chloric acid,  the  silicon  remains  in  the  form  of  scaly  crystals,  resembling 
graphite,  but  of  somewhat  brighter  color,  acratching  glass,  like  the  pre- 
vious modifluation.     It  is  infusible.     Its  specific  gravity  is  'ZAS. 

Siltoa,  or  Blliolo  Oxide,  SiO,.— This  is  thconly  known  oxide;  it 

contains  'is  parts  ailioonand  32  parts  oxygen.     Colorless  transparent  rock- 
crystal  consists  of  silica  very  nearly  pure ;  common  quartz 
Fig.  U8.       agate,  chalcedony,  flint,  and  several  other  minerals,  are  also 
chielly  composed  of  this  substance. 

The  following  experiment  furnishes  silica  in  a  state  of 
eouiplete  purity,  and  at  the  same  time  exhibits  one  of  the 
most  remarkable  properties  of  ailiwin,  namely,  its  attraction 
for  fluorine.  A  mixture  of  equ'ftl  parts  of  fluor-spar  and 
glass,  both  flncly  potrdered,  ia  introduced  into  a  gla^  Bask, 
with  a  quantity  of  oil  of  vitriol.  A  tolerably  wide  bent 
tube,  Atled  to  the  flask  by  a  cork,  passes  to  the  bottom  of 
a  glass  jar  (fig.  12S),  into  which  enough  mercury  is  jHiured 
to  cover  the  extremity  of  the  tube.  The  jar  Is  then  half 
filled  with  water,  and  heat  is  applied  to  tlie  flask. 

The  first  effect  is  the  disengagement  of  hydrofluoric  acid  ; 
this  substance,  however,  Hnding  itself  in  contact  with  the 
silica  of  the  powdered  glass,  undergoes  deoompoaition,  water 
and  silicon  fluoride  being  produced.     The  latter  is  a  perma- 
nent gas,  wliich  escapes  from   the  flask  by  the  bent  tube. 
By  contact  with  a  large  quantity  of  water,  It  is  in  turn  de- . 
composed,   yielding    silica,  which   separates    in  a   beautiful 
gelattnona  condition,  and  nn  acid  liquid,  which  is  a  double  fluoride  of  sili- 
cou and   hydrogen,  JIIF-SiFj,  commonly  called  hydrofiuosilicia  or  silioo- 
Uuoricacid,  thus 
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(1)  Reaction  of  hydrofluoric  acid  with  silica  :^ 

4HF  +  SiO,  =  2H,0  +  SiF^. 

(2)  Decomposition  of  silicon  fluoride  by  water  : — 

2SiF^  +  2HaO  =  SiO,  +  4HF.SiF4. 

The  silica  may  be  collected  on  a  cloth-filter,  well  washed,  dried,  and 
heated  to  redoess  to  expel  water.  The  acid  liquid  is  kept  as  a  test  for 
barium  and  potassium,  with  which  it  forms  nearly  insoluble  precipitates, 
the  double  fluoride  of  silicon  and  potassium  being  used,  as  was  stated,  in 
the  preparation  of  silicon. 

Silicon  fluoride,  SiF4,  instead  of  being  condensed  into  water,  may  be  col- 
lected over  mercury  ;  it  is  a  permanent  gas,  destitute  of  color,  and  very 
heavy.  Admitted  into  the  air,  it  condenses  the  moisture  of  the  latter, 
giving  rise  to  a  thick  white  cloud.  It  is  important,  in  the  experiment 
above  described,  to  keep  the  end  of  the  delivery-tube  from  touching  the 
water  of  the  jar,  otherwise  it  almost  instantly  becomes  stopped  :  the  mer- 
cury effects  this  object. 

Pure  silica  may  also  be  prepared  by  another  method,  w^hich  is  very 
instructive,  inasmuch  as  it  is  the  basis  of  the  proceeding  adopted  in  the 
analysis  of  all  siliceous  minerals.  Powdered  rock-crystal  or  line  Stand  is 
mixed  with  about  three  times  its  weight  of  dry  sodium  carbonate,  and  the 
mixture  fused  in  a  platinum  crucible.  When  cold,  the  glassy  mass  is 
boiled  with  water,  by  which  it  is  softened,  and  almost  entirely  dissolved. 
An  exci^s  of  hydrochloric  add  is  then  added  to  the  filtered  liquid,  and  the 
whole  evaporated  to  complete  dryness.  By  tliis  treatment  the  gelatinous 
silica  thrown  down  by  the  acid  becomes  completely  insoluble,  and  remains 
behind  when  the  dry  saline  mass  is  treated  with  acidulated  water,  by 
which  the  alkaline  salts,  alumina,  ferric  oxide,  lime  and  many  other  bodies 
which  may  happen  to  be  present,  are  removed.  The  silica  is  washed,  dried, 
and  heated  to  redness. 

The  most  prominent  characters  of  silica  are  the  following  :  It  is  a  very 
fine,  white,  tasteless  powder,  having  a  density  of  about  2.b'6,  fusible  only 
by  the  oxy-hydrogen  blow-pipe.  When  once  dried  it  is  not  sensibly  soluble 
in  water  or  dilute  acids  (with  the  exception  of  hydrofluoric  acid).  But, 
on  adding  hydrochloric  acid  to  a  very  dilute  solution  of  potassium  silicate, 
the  liberated  silica  remains  in  solution.  From  this  mixed  solution  of 
silica  and  potassium  chloride,  the  latter  may  be  separated  by  diffusion 
(comp.  p.  1-44),  whereby  a  moderately  concentrated  solution  of  silica  in 
water  is  obtained.  This  solution  has  a  distinctly  acid  reaction  :  it  pre- 
sents, however,  but  little  stability.  When  kept  for  some  time,  it  gelatin- 
izes, the  silica  separating  in  the  insoluble  modification.  The  same  effect 
is  produced  by  the  addition  of  a  few  drops  of  sulphuric  or  nitric  acid,  or 
of  a  solution  of  salt. 

Silica  is  essentially  an  acid  oxide,  forming  salts  with  basic  metallic 
oxides,  and  decomposing  all  salts  of  volatile  acids  when  heated  with 
them.  In  strong  alkaline  liquids  it  is  freely  soluble.  When  heated  with 
bases,  especially  those  which  are  capable  of  undergoing  fusion,  it  unites 
with  them  and  forms  salts,  which  are  sometimes  soluble  in  water,  as  in 
the  case  of  the  potassium  and  sodium  silicates,  when  the  proportion  of 
base  is  considerable.  Common  glass  is  a  mixture  of  several  silicates,  in 
which  the  reverse  of  this  happens,  the  silica  being  in  excess.  Even  glass, 
however,  is  slowly  acted  upon  by  water.  Finely  divided  silica  is  highly 
useful  in  the  manufacture  of  porcelain. 

Silicon  Hydride,  or  Silicated  Hydrogen,  was  discovered  by  Buff  and 
Wdhler,  who  obtained  it  by  passing  an  electric  current  through  a  solution 
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of  sodium  chloride,  the  positive  x>ol6  employed  consisting  of  aluminium 
containing  silicon.  More  recently,  Wohler  and  Martius  produced  this  gas 
by  treating  magnesium  containing  silicon  with  hydrochloric  acid.  Both 
methods  yield  silicic  hydride  mixed  with  free  hydrogen.  Friedel  and 
Ladenburg,  however,  by  decomposing  silicic  triethyl-formate  (see  Silicic 
Ethers)  in  contact  with  sodium,  have  obtained  it  pure,  and  shown  that 
it  consists  of  28  parts  by  weight  of  silicon  and  4  parts  of  hydrogen,  answer- 
ing to  the  formula  SiH^.  The  reaction  by  which  it  is  produced  is  repre- 
sented by  the  following  equation  : — 

4SiII(OCjH5)j      s=      SiH^      +      3Si(0C,H.). . 
Bilieic  triethyl  Silicic  Tetrethylio 

form  lite.  hydride.  silicate. 

Silicon  hydride  is  a  colorle8»  gas.  In  the  impure  state,  as  obtained  by 
the  two  processes  above  given,  it  takes  fire  spontaneously  on  coming  in 
contact  with  the  air,  and  burns  with  a  white  flame,  evolving  clouds  of 
silica.  Pure  silicic  hydride,  however,  does  not  ignite  spontaneously 
under  the  ordinary  atmospheric  pressure ;  but  on  passing  a  bubble  of 
air  into  the  rarefied  gas  standing  over  mercury,  it  takes  lire,  and  yields 
a  deposit  of  amorphous  silicon  mixed  with  silica.  On  passing  silicic 
hydride  through  a  red-hot  tube,  it  is  decomposed,  silicon  being  deposited. 

Compounds  op  Silicoit  and  Chlorine.  —  Silicon  unites  directly  with 
chlorine,  forming  a  tetrachloride,  SiCl^.  This  compound  is  obtained  by 
mixing  finely  divided  silica  with  charcoal  powder  and  oil,  strongly  heat- 
ing the  mixture  in  a  covered  crucible,  and  then  exposing  the  mass  so 
obtained,  in  a  porcelain  tube  heated  to  full  redness,  to  the  action  of  per- 
fectly dry  chlorine  gas.  A  good  condensing  arrangement,  supplied  with 
ice-cold  water,  must  be  connected  with  the  porcelain  tube.  The  product 
is  a  colorless  and  very  volatile  liquid,  boiling  at  60O,  of  pungent,  suffocat- 
ing odor.  In  contact  with  water,  it  yields  hydrochloric  acid  and  gelati- 
nous silica. 

When  hydrochloric  acid  gas  is  passed  over  crystallized  silicon  heated  to 
a  temperature  below  redness,  a  very  volatile  inflammable  liquid  is  ob- 
tained, which,  when  purified  by  distillation,  has  the  composition  of  gilicic 
hydrolrichloride,  SiHClj,  containing  28  parts  silicon,  1  hydrogen,  and  106.5 
chlorine.  This  compound  is  decomposed  by  water,  forming  a  white  oxy- 
genated body,  probably  silicon  hydrotrioxide^  SijH^O,,  which  by  prolonged 
contact  with  water  is  further  decomposed,  with  evolution  of  hydrogen  and 
formation  of  silica. 

A  mixture  of  silicic  hydrotrichloride  and  bromine  heated  to  lOOO  in  a 
closed  vessel  becomes  dark  colored,  and  is  converted  into  the  bromolrichlo' 
ride,  SiBrClj. 

Silicon  tetrabromidej  SiBr^,  obtained  like  the  tetrachloride,  resembles  that 
compound,  but  is  less  volatile. 

JSUicon  Fluoride^  SiF^,  has  been  already  described  (p.  213). 


Atomic  weight,  31.    Symbol,  P. 

Phosphorus  in  the  state  of  phosphoric  acid  is  contained  in  the  ancient 
nnstratified  rocks  and  in  lavas  of  modem  origin.  As  these  disintegrate 
and  crumble  down  into  fertile  soil,  the  phosphates  pass  into  the  organism 
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of  plants,  and  ultimate I7  into  the  bodies  of  the  animsia  to  which  thp  planta 

$erve  for  food.  The  earlliy  phosphates  plaj  a  very  important  part  in  tlie 
Blructure  of  Che  ajiimat  frame,  bjr  communicating  HtilTiieSB  and  intleilbility 
to  the  bony  Hkeletoii. 

PhoephornB  was  discoverpd  in  1669  by  Brandt,  o!  Hurnhnrg,  who  pre- 
pared it  Trom  urine.  The  following  is  an  outline  of  tlii^  proci^ss  now 
adopted  :  Thoroughly  calcined  bonea  are  reduced  to  powihr.  and  mixKl 
with  two-thirda  of  their  weight  of  anlphnric  acid  dilutad  with  a  consiiicr- 
able  quantity  of  water :  this  niixtum,  after  standing  for  some  honm,  is 
flittered,  and  the  nearly  insohiblR  calcium  sulphate  is  washed.  The  liquid 
is  tlien  eTaporat«d  to  a  syrupy  comiistence,  mixed  with  charcoal  powder, 
and  the  desiccation  is  oomplBtBd  in  an  iron  reBsel  exposed  to  a  high  tem- 
perature. When  quite  dry,  it  is  transferred  to  a  stoneware  retort  to  which 
a  wide  Ifent  lube  is  luted,  dipping  a  little  way  into  the  water  contaimHl  in 
the  receiver.  A  narrow  tuije  serves  to  gi^e  issue  to  the  gases,  which  are 
conveyed  to  a  chimney.  This  manufacture  is  now  oanduct(>d  on  a  very 
large  scale,  the  consumptioD  of  phosphorus,  for  the  apparently  trilling 
article  of  instantaDcous-Ught  matches,  being  something  prodigious. 

Phoephorus,  when  pure,  very  much  resembles  in  appearance  iiiiperfectly 
hleached  wax,  and  is  soft  and  flexible  at  common  temperatures.     Its  den- 
sity is  1.^7,  and  that  of  its  vapor  4.35,  air  being 
nnitv,  or  63  referred  to  hydrogen  as  unity.     It  Fig- 1»- 

meliB  at  44P  C.  (111°  F-).  ""i"  Wis  at  280O  C. 
(53fcOF.).  On  slowly  cooling  melted  phosphor  JS, 
well-formed  dodecahedrons  are  sometimes  ob- 
tained. It  is  inaoluble  in  water,  and  is  usually 
kept  immersed  in  tiiat  liquid,  bnt  dissolves  in 
oil,  in  native  naphtha,  and  especially  iu  carbon 
bisulphide.  When  set  on  Qre  in  the  air,  it  burna 
with  a  bright  flame,  generating  phoaphorlc  oxide. 
Phosphorus  is  exceedingly  inflammable  ;  it  Boms' 
times  takes  fire  by  the  heat  of  the  bond,  and  de- 
mands great  care  in  its  management ;  a  blow  or 
hard  rub  will  very  often  kindle  it.  A  stick  of 
pbcephoras  held  in  the  air  always  appears  to 
emit  a  wbitiab  smoke,  which  in  the  darit  is  lumi- 
nous. This  effect  iB  chiedy  dne  to  a  slow  com- 
bustion which  the  phosphorus  undergoes  by  the 

oxygen  of  the  air,  and  upon  it  depends  one  of  the  methods  employed  for 
the  analysis  of  air,  as  already  described.  It  is  singular  that  the  slow  oxi- 
dation of  phoBphorus  may  be  entirely  prevented  by  the  presence  of  a  small 
quantity  of  oleflant  gas,  or  the  vapor  of  ether,  or  some  essential  oil  ;  phoS' 
phorus  may  even  be  distilled  in  an  atmosphere  containing  vapor  of  oil  of 
turpentine  inconsiderable  quantity.  Neither  does  the  action  goon  in  pure 
oxygen— at  least,  at  the  temperature  of  }5.RO  (■.  (60O  K.),  which  Is  very 
remarkable;  but  if  the  gas  be  rarelled,  or  diluted  with  nitrogen,  hydro- 
gen, or  carbonic  add,  oxidation  is  set  up. 

A  very  remarkable  modification  of  this  element  is  known  by  the  name 
of  amorphous  phosphorus.  It  was  discovered  by  SchrSlter,  rrnd 
may  be  made  hy  exposing  common  phosphorus  for  fifty  hours  to  a  tenipu- 
ratnre  of  240O  C.  to  2500  C.  (464°  to  483°  p.),  in  an  atmosphere  which 
is  unable  to  act  chemically  upon  it.  At  this  temperature,  it  becomes  red 
and  opaque,  and  insolnhle  In  carlion  bisulphide,  whereby  It  may  be  si']>a- 
rated  frran  ordinary  phosphorus.  It  mny  be  obtaini^  in  compact  masses 
when  common  phosphorus  Iff  kept  for  a  week  at  a  constant  high  tempera- 
tnre.  It  is  a  coherent,  reddish -brown,  infusible  substance,  of  upeciflo 
gravity  between  2.0S9  and  2.10b.     It  docs  not  become  li     '  '     " 
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dark  until  its  temperature  is  raised  to  about  200O  C.  (3920  "p.),  nor  has  it 
any  tendency  to  combine  with  the  oxygen  of  the  air.  When  heated  to 
2J0O  C.  (50lP  F.),  it  is  reconverted  into  ordinary  phosphorus. 

When  phosphorus  is  melted  beneath  the  surface  of  hot  water^  and  a 
stream  of  oxygen  gas  forced  upon  it  from  a  bladder,  combustion  ensues, 
and  the  phosphorus  is  converted  in  great  part  into  a  brick-red  powder, 
which  was  formerly  believed  to  be  a  peculiar  oxide  of  phosphorus;  but 
Schrotter  has  shown  that  it  is  a  mixture,  consisting  chieliy  of  amorphous 
phosphorus. 

Compounds  of  PJiosphorus  and  Oxygen. 

There  are  two  definite  oxides  of  phosphorus,  in  which  the  quantities  of 
oxygen  united  with  the  same  quantity  of  phosphorus  are  to  one  another 
as  3  to  5,  vi2.  :^ 


Phosphorus  trioxide,  or  ) 

Phosphorous  oxide,     ) 

Phosphorus  Pentoxide,  5 

or  Phosphoric  oxide,     ) 

Both  these  acid  oxides,  uniting  with  water  and  metallic  oxides  to  form 
salts,  called  phosx)hites  and  phosphates  respectively;  the  hydro- 
gen salts  being  also  called  phosphorous  and  phosphoric  acid. 
There  is  also  another  oxygen  acid  of  phosphorus,  containing  a  smaller 
proportion  of  oxygen,  called  hypophosphorous  acid,  to  which  there 
is  no  corresponding  anliydrous  oxide. 

Hypophoaphorons  Acid,  HjPO,. — ^When  phosphorus  is  boiled  with 
a  solution  of  Imie  or  baryta,  water  is  decomposed,  giving  rise  to  phospho- 
retted  liydrogen  and  hypophosphorous  acid :  the  first  escapes  as  gas,  and 
the  hypophosphorous  acid  remains  as  a  barium  salt  :~- 

Pg    +     SBaHOg    +     6X1,0    =    SBaH/PO,),    +    2n^V. 
Bnriuni  Barium  Hydrogen 

hydroxide.  hypo  phosphite.       phosphide. 

The  soluble  hypophosphite  may  bo  crystallized  out  by  slow  evaporation. 
On  adding  to  the  liquid  the  quantity  of  sulphuric  acid  necessary  to  pre- 
cipitate the  base,  the  hypophosphorous  acid  is  obtained  in  solution,  and 
may  be  re<luce<l  to  a  syrupy  consistence  by  evaporation.  The  acid  is  very 
prone  to  absorb  more  oxygen,  and  is  therefore  a  powerful  deoxidizing  agent. 
All  its  salts  are  soluble  in  water. 

Phosphorous  Ozide,  P2OS,  is  formed  by  the  slow  combustion  of  phos- 
phorus in  tlie  air :  or  by  burning  that  substance  by  means  of  a  very  limited 
supply  of  dry  air,  in  which  case  it  is  anhydrous,  and  presents  the  aspect 
of  a  white  powder.  Phosphorous  Acidj  H,POj  or  SHjO.PjOg,  is  most  conve- 
niently prepared  by  adding  water  to  the  trichloride  of  phosphorus,  when 
mutual  decomposition  takes  place,  the  oxygen  of  the  water  lx*ing  trans- 
fiirred  to  the  phosphorus,  generating  phosphorous  acid,  and  its  hydrogen 
to  the  chlorine,  giving  rise  to  hydrochloric  acid  : — 

PCI,  +  3H,0  =  3HC1  +  H3PO5. 

By  evaporating  the  solution  to  the  consistence  of  syrup,  the  hydrochloric 
acid  is  expelled,  and  the  residue  crystallizes  on  cooling. 

Phosphorous  acid  is  very  deliquescent,  and  very  prone  to  attract  oxygen 
and  pass  into  phosphoric  acid.     When  heated  in  a  close  vessel,  it  is  re- 
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solved  into  phoBphorio  acid  and  pure  phoephoretted  hydrogen  gas.  It  is 
composed  of  110  parts  of  phosphorous  oxide  and  54  parts  of  water,  or  31 
phosphorus,  48  oxygen,  and  3  hjdrogen. 

Phosphoric  Oadde,  P^O^  (also  called  Anhydrous  Phosphoric  Acid^  or 
Fhosphoric  Anhydride), — When  phosphorus  is  burned  under  a  bell-jar  by 
the  aid  of  a  copious  supply  of  dry  air,  snow-like  phosphoric  oxide  is  pro- 
duced in  great  quantity.  This  substance  exhibits  attraction  for  water, 
stronger  even  than  that  of  sulphuric  oxide ;  in  fact  sulphuric  oxide  may 
be  prepared  by  heating  strong  sulphuric  acid  in  contact  with  phosphoric 
oxide.  Exposed  to  the  air  for  a  few  moments,  phosphoric  oxide  deliquesces 
to  a  liquid,  and  when  thrown  into  water,  combines  with  the  latter  with 
explosive  violence,  and  is  converted  into  phosphoric  acid.  The  water 
thus  taken  up  cannot  again  be  separated. 

When  nitric  acid  of  moderate  strength  is  heated  in  a  retort  with  which 
a  receiver  is  connected,  and  fragments  of  phosphorus  are  added  singly, 
taking  care  to  suffer  the  violence  of  the  action  to  subside  after  each  addi- 
tion, the  phosphorus  is  oxidized  to  its  maximum,  and  converted  into  phos- 
phoric acid.  By  distilling  off  the  greater  part  of  the  nitric  acid,  transfer- 
ring the  residue  in  the  retort  to  a  platinum  vessel,  and  then  contlously 
raising  the  heat  to  redness,  the  phosphoric  acid  may  be  obtained  pure. 
This  is  the  glacial  phosphoric  acid  of  the  Pharmacopoeia. 

A  third  method  of  preparing  phosphoric  acid  consists  in  taking  the  acid 
calcium  phosphate  produced  by  the  action  of  sulphuric  acid  on  bone-earth, 
precipitating  it  with  a  slight  excess  of  ammonium  carbonate,  separating  by 
a  filter  the  insoluble  calcium  salt,  and  then  evaporating  and  igniting  in  a 
platinum  vessel  the  mixed  phosphate  and  sulphate  of  ammonium.  Phos- 
phoric acid  alone  remains  behind.  The  acid  thus  obtained  is  somewhat 
impure. 

One  of  the  most  advantageous  methods  of  preparing  pure  phosphoric 
acid  on  the  large  scale,  is  to  burn  phosphorus  in  a  two-necked  glass  globe 
through  which  a  current  of  dry  air  is  passed  :  in  this  way  the  process  may 
be  carried  on  continuously.  The  phosphoric  oxide  obtained  may  be  pre- 
served in  that  state,  or  converted  into  hydrate  or  glacial  acid,  by  addition 
of  water  and  subsequent  fusion  in  a  platinum  vessel. 

Olacial  phosphoric  acid,  or  metapliosphoric  acid,  is  exceedingly 
deliquescent,  and  requires  to  be  kept  in  a  closely  stopped  bottle.  It  con- 
tains 142  parts  of  phosphoric  oxide  and  18  parts  of  water,  or  31  phos- 
phorus, 48  oxygen,  and  1  hydrogen,  and  is  represented  by  the  formula 
HjO.PjOs  or  HPO3.  Phosphoric  oxide  likewise  unites  with  2  and  3  mole- 
cules of  water,  forming  the  comx)ounds  2HjO.Pj05or  H^PjO,  and  311,0. P^Oj 
or  H3PO4,  chilled  respectively  py  rophosphoric  acid  and  orthophos- 
phoric  acid.  The  last  is  formed  by  oxidizing  phosphoriis  with  nitric 
acid,  and  by  the  action  of  water  on  phosphorus  pentachloride : 

PCTj  4-  4H,0  =  5HC1  -f-  II3PO,. 

The  aqueous  solution  evaporated  to  a  thin  syrup,  and  left  over  oil  of 
vitriol,  deposits  orthophosphoric  acid  in  prismatic  crystals.  The  same 
solution  may  be  heated  to  160^  C.  (32CP  F.)  without  change  in  the  compo- 
sition of  the  acid ;  but  at  2130  C.  (415.40  F.)  it  gives  off  a  molecule  of 
water,  and  is  converted  into  pyrophosphoric  acid ;  and  at  a  red-heat  it 
gives  off  another  molecule  of  water,  and  leaves  metaphosphorio  acid. 
Each  of  these  acids  forms  a  distinct  class  of  salts,  exhibiting  reactions 
peculiar  to  itself.  They  will  be  described  in  connection  with  the  general 
theory  of  saline  compounds. 

Phosphoric  oxide  is  readily  volatilized,  and  may  be  sublimed  by  the 
heat  of  an  ordinary  spirit-lamp.  The  acid  may  be  fused  in  a  platinum 
19 
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crucible  at  a  red-heat ;  at  this  temperature  it  eyolves  considerable  quan- 
tities of  vapor y  but  is  still  far  from  its  boiling  point.  Phosphoric  acid  is 
a  very  powerful  acid :  being  less  volatile  than  sulphuric  acid,  it  expels 
the  latter  at  higher  temperatures,  although  it  is  displaced  bj  sulphuric 
acid  at  common  temperatures.  Its  solution  has  an  intensely  sour  taste, 
and  reddens  litmus-paper  ;  it  is  not  poisonous. 

Compounds  of  Phosphorus  and  Hydrogen* 

PhOBphoms  Trlhydrlde. — Phosphine, — Phosphoretted  Hydrogen^  PH,.— 
This  body  is  analogous  in  some  of  its  chemical  relations  to  ammoniacal  gas  ; 
its  alkaline  properties  are,  however,  much  weaker. 

It  may  be  obtained  in  a  state  of  purity  by  heating  phosphorous  acid  in 
a  small  retort,  the  acid  being  then  resolved  into  phosphoretted  hydrogen 
and  phosphoric  acid : 

4H5PO,  =  PH,  +  3H,P0,. 

Thus  obtained,  the  gas  has  a  density  of  1.24.  It  contains  31  parts 
phosphorus  and  3  parts  hydrogen,  and  is  so  constituted  that  every  two 
volumes  contain  3  volumes  of  hydrogen  and  half  a  volume  of  phosphorus 
vapor,  condensed  into  two  volumes.  It  has  a  highly  disagreeable  odor  of 
garlic,  is  slightly  soluble  in  water,  and  burns  with  a  brilliant  white  flame, 
forming  water  and  phosphoric  acid. 

Phosphoretted  hydrogen  may  also  be  produced  by  boiling  together,  in  a 
retort  of  small  dimensions,  caustic  potash  or  slaked  lime,  water,  and  phos- 
phorus :  the  vessel  should  be  filled  to  the  neck,  and  the  extremity  of  the 
latter  made  to  dip  into  the  water  of  the  pneumatic  trough.  In  the  reac- 
tion which  ensues,  the  water  is  decomposed,  and  both  its  elements  combine 
with  the  phosphorus. 

Pg    -f     3CaH.p,    +     6H,0    =    2PH3    +    3CaH^P,0^ 
Cnlclum  Gftlcium 

hydroxide.  hypoplio8i)hite. 

The  phosphoretted  hydrogen  prepared  by  the  latter  process  has  the  sin- 
gular property  of  spontaneous  inflammability  when  admitted  into  the  air 
or  into  oxygen  gas  ;  with  the  latter,  the  experiment  is  very  beautiful,  but 
requires  caution :  the  bubbles  should  be  admitted  singly.  When  kept 
over  water  for  some  time,  the  gas  loses  this  property,  without  otherwise 
Bufi'ering  any  appreciable  change  ;  but  if  dried  by  calcium  chloride,  it  may 
be  kept  unaltered  for  a  much  longer  time.  Paul  Tli^nard  has  shown  that 
the  spontaneous  combustibility  of  the  gas  arises  from  the  presence  of  the 
vapor  of  a  liquid  hydrogen  phosphide,  PHj,  which  can  be  procured  in 
small  quantity,  by  conveying  the  gas  produced  by  the  action  of  water  on 
calcium  phosphide  through  a  tube  cooled  by  a  freezing  mixture.  This 
substance  forms  a  colorless  liquid  of  hiph  refractive  power  and  very  great 
volatility.  It  does  not  freeze  at  — 17.80  C.  ((P  p.).  In  contact  with  air  it 
inflames  instantly,  and  its  vapor  in  very  small  quantity  communicatis 
spontaneous  inflammability  to  pure  phosphoretted  hydrogen,  and  to  all 
other  combustible  gases.  It  is  decomi)08ed  by  light  into  gaseous  phospho- 
retted hydrogen,  and  a  solid  phosphide,  P^H,  which  is  often  seen  on  the 
inside  of  jars  containing  gas  which,  by  exposure  to  light,  has  lost  the 
property  of  spontaneous  inflammation.  Strong  acids  occasion  its  instan- 
taneous decomposition.  It  is  as  unstable  as  hydrogen  dioxide.  It  is  to  be 
observed  that  pure  phosphoretted  hydrogen  gas  itself  becomes  sponta- 
neously inflammable  if  heated  to  the  temperature  of  boiling  water. 

Phosphoretted  hydrogen  decomposes  several  metallic  solutions,^  giving 
rise  to  precipitates  of  insoluble  phosphides.  With  hydriodic  acid  it  forms 
a  crystalline  compound,  PH^I,  somewhat  resembling  sal-ammoniac. 
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Compimnds  of  Phosphorus  with  Chlorine* 

PhosphoniB  forms  two  chlorides,  analogous  in  composition  to  the  oxides, 
the  quantities  of  chlorine  combined  with  the  same  quantity  of  phosphorus 
being  in  tlie  proportion  of  3  to  5. 

Fhosphoms  Trichloride,  or  PhoBphorons  Chloride,  PCI,,  is  pre- 
pared in  the  same  manuer  as  sulphur  dichloride,  by  gently  heating  phos- 
phorus in  dry  chlorine  gas,  the  phosphorus  being  in  excess  ;  or  by  passing 
the  vapor  of  phosphorus  over  fragments  of  calomel  (mercurous  chloride) 
contained  in  a  glass  tube,  and  strongly  heated.  It  is  a  thin,  colorless  liquid, 
which  fumes  in  the  air,  and  has  a  powerful  and  offensive  odor.  Its  spe- 
cific gravity  is  1.45.  Thrown  into  water,  it  sinks  to  the  bottom,  and  is 
slowly  decomposed,  yielding  phosphorous  acid  and  hydrochloric  acid: 
PCI,  -f  3H,0  =  3HC1  +  H,PO,. 

Phosphoma  Pentachloride,  or  Phosphoric  Chloride,  PCl^,  is 
formed  when  phosphorus  is  burned  in  excess  of  chlorine.  Pieces  of  phos- 
phorus are  introduced  into  a  large  tubulated  retort,  which  is  then  filled 
with  dry  chlorine  gas.  The  phosphorus  takes  fire,  and  burns  with  a  pale 
flame,  forming  a  white  volatile  crystalline  sublimate,  which  is  the  penta- 
chloride. It  may  be  obtained  in  larger  quantity  by  passing  a  stream  of 
dry  chlorine  gas  into  the  liquid  trichloride,  which  becomes  gradually  con- 
verted into  a  solid  crystalline  mass.  Phosphorus  pentachloride  is  decom- 
posed by  water,  yielding  phosphoric  and  hydrochloric  acids :  PCL  -f- 
4H,0  =  6HC1  +  H.PO^. 

Phosphorus  Oxychloride,  POCl,,  is  produced,  together  with  hydro- 
chloric acid,  when  phosphorus  pentachloride  is  heated  with  a  quantity  of 
water  insufficient  to  convert  it  into  phosphoric  acid.  It  may  also  be  pre- 
pared by  distilling  the  pentachloride  with  dehydrated  oxalic  acid,  or  by 
distilling  a  mixture  of  phosphorus  pentachloride  and  phosphoric  oxide. 
It  is  a  colorless  liquid,  of  sp.  gr.  1.7,  possessing  a  very  pungent  odor,  boiling 
at  llOO,  readily  decomposed  by  water  into  hydrochloric  and  phosphoric 
acids. 

A  sulphochUride  of  analogous  com]>osition  is  produced  by  the  action  of 
hydrogen  sulphide  on  the  pentachloride.  It  is  a  colorless  oily  liquid,  de- 
composed by  water. 

Two  bromides  of  phosphorus,  an  ox^>romidey  and  a  sulphobromide,  are  known, 
corresponding  in  composition  and  properties  with  the  chlorine  compounds, 
and  obtained  by  similar  processes. 

Phosphorus  forms  also  two  iodides^  PI,  and  PI,.  Both  are  obtained  by 
dissolving  phosphorus  and  iodine  together  in  carbon  bisulphide,  and  cool- 
ing the  liquid  till  crystals  are  deposited.  Whatever  proportions  of  iodine 
and  phosphorus  may  be  used,  these  two  compounds  always  crystallize  out, 
mixed  with  excess  either  of  iodine  or  of  phosphorus. 

The  di'iodide  melts  at  IIQO  C.  (230O  F.),  forming  a  red  liquid  which  con- 
denses to  a  light  red  solid.  The  tri-iodide  melts  at  550  C.  (1310  F.),  and 
crystallizes  on  cooling  in  well-defined  prisms.  Both  are  decomposed  by 
water,  yielding  hydriodic  and  phosphorous  acids,  the  di-iodide  also  de- 
positing yellow  flakes  of  phosphorus. 

Compounds  of  Fhosphorus  with  Sulphur  and  Selenium. 

BKlphid68.^When  ordinary  phosphorus  and  sulphur  are  heated 
together  in  the  dry  state,  or  melted  together  under  water,  combination 
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takes  place,  attended  with  vivid  combustion,  and  often  with  violent  ex- 
plosion. When  amorphous  phosphorus  is  used,  the  reaction  is  not  explo- 
sive, though  still  vary  rapid. 

Six  compounds  of  sulphur  and  phosphorus  have  been  prepared  contain- 
ing the  following  proportions  of  sulphur  and  phosphorus :— 


Oomposition  by 

A 

weight. 

PhOBphorus. 

Sulphur, 

.     31 

+ 

8 

.     31 

+ 

16 

.     31 

+ 

24 

.     31 

+ 

48 

.     31 

+ 

80 

.     31 

+ 
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Hemisulphide,  P^S       •        • 
Monosulphide,  P^S       .         • 
Sesquisulphide,  y^S^    . 
Trisulphide,  P^S, 
Pentasulphide,  PjSg     . 
Dodecasulphide,  Pg^is  • 

The  fourth  and  fifth  are  analogous  to  phosphorous  and  phosphoric  oxides 
respectively  ;  the  others  have  no  kuown  analogues  in  the  oxygen  series. 
They  may  all  be  formed  by  heating  the  two  bodies  together  in  the  required 
proportions  ;  but  the  trisulphide  and  pentasulphide  are  more  easily  pre- 
pared by  warming  the  monosulphide  with  additional  proportions  of  sul- 
phur. Moreover,  the  two  lower  sulphides  exhibit  isomeric  modifications, 
each  being  capable  of  existing  as  a  colorless  liquid  and  as  a  red  solid. 

The  mono-,  tri-,  and  pentasulphides  of  phosphorus  unite  with  metallic 
sulphides,  forming  sulphur  salts.  The  copper  salts  have  the  following 
composition : — 

Hyposnlphophosphite,  CuS.P^S    ^    CuP^S,. 
Sulphophosphite,  CuS.PgS^  a=    CuP^^. 

Sulphophosphate,  CuS.Pj^j  ss    CuP^S^. 

Selenldea  of  PhosphoruB,  analogous  in  composition  to  the  first, 
second,  fourth,  and  lifth  of  the  sulphides  above  mentioned,  are  produced 
by  heating  ordinary  phosphorus  and  selenium  together  in  the  required 
proportions  in  a  stream  of  hydrogen  gas.  The  hemiselenide  is  a  dark 
yellow,  oily,  fetid  liquid,  solidifying  at  120;  the  other  compounds  are 
dark-red  solids.  The  mono-,  tri-,  and  pentaselenides  unite  with  metallic 
seleuides,  forming  selenium-salts  analogous  to  the  sulphur-salts  above 
mentioned. 
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GENERAL  LAWS  OP  CHEMICAL  COMBINATION- 
ATOMIC  THEORY. 

Bbforb  proceeding  farther  with  the  stady  of  individaal  oompoondSy  it 
is  advisable  to  enter  more  fullj  into  the  consideration  of  certain  general 
laws  of  chemical  combination,  and  certain  theoretical  notions  founded 
thereon,  a  sketch  of  which  has  already  been  given  in  the  chapter  on  Oxy- 
gen (pp.  125-128). 

The  laws  in  question  are :  (1)  The  Law  of  Equivalents,  according 
to  which  the  replacement  of  elements  one  bj  another  always  takes  place 
in  definite  proportion ;  (2)  The  Law  of  Multiples,  according  to  which 
the  several  quantities  of  an  element  A  which  can  unite  with  a  fixed 
quantity  of  another  element  B,  stand  to  one  another,  for  the  most  part,  in 
simple  numerical  proportions.  The  observation  of  these  laws  has  led  to  the 
idea  that  the  elementary  bodies  are  made  up  of  indivisible  particles  called 
atoms,  each  having  a  constant  weight  peculiar  to  itself ;  and  that  che- 
mical combination  takes  place  by  the  juxtaposition  of  these  atoms,  1  to  1, 
1  to  2,  1  to  3,  2  to  3,  etc.,  a  group  of  atoms  thus  united  being  called  a 
molecule.    This  is  the  atomic  hypothesis  of  Dalton. 

EqnivaleiitB. — ^The  equivalent  weight  of  an  elementary  body  com- 
pared with  that  of  hydrogen,  taken  as  unity,  may,  in  many  cases,  be 
determined  by  direct  substitution.  Thus,  when  a  metal  dissolves  in  hydro- 
chloric or  sulphuric  acid,  the  quantity  of  the  metal  which  takes  the  place 
of  1  part  by  weight  of  hydrogen  is  its  equivalent  weight.  In  this  manner 
it  is  found  that  the  equivalent  of  sodium  is  23,  of  zinc  32.6,  of  magnesium 
12,  etc.  Again,  many  organic  compounds — acetic  acid,  for  example— are 
acted  upon  by  chlorine  and  bromine  in  such  a  manner  that  1  part  of  the 
hydrogen  is  removed  and  its  place  supplied  by  chlorine  or  bromine,  every 
1  part  by  weight  (gram,  ounce,  etc.)  of  hydrogen  thus  removed  being  re- 
placed by  35.5  parts  of  chlorine,  or  by  80  parts  of  bromine  :  these  numbers 
are  therefore  the  equivalent  weights  of  chlorine  and  bromine. 

When  one  element  A  unites  with  each  of  a  number  of  others,  B,  C,  D, 
etc.,  in  one  proportion  only,  the  quantities  of  these  latter  which  combine 
with  or  saturate  a  given  quantity  of  A,  are  clearly  proportional  to  their 
equivalent  weights.  Thus,  35.5  parts  of  chlorine  are  known  to  unite  with 
1  part  of  hydrogen,  23  of  sodium  39.1  of  potassium,  32.6  of  zinc;  conse- 
quently, the  numbers  23,  39.1,  and  32.6  are  the  equivalent  weights  of 
sodium,  potassium,  and  zinc  referred  to  hydrogen  as  unity.  In  this  manner, 
the  equivalent  weights  of  elements  may  be  determined  without  recourse 
to  direct  substitution,  which  is  not  always  practicable. 

The  left  hand  column  of  the  following  table  contains  a  list  of  those 
metallic  or  basylous  elements  which  unite  in  one  proportion  only  with  the 
four  non-metallic  or  chlorous  elements  in  the  right  hand  column,  the 
numbers  opposite  to  each  element  showing  the  proportions  in  which  the 
combination  takes  place  ie.g.j  12  magnesium  with  35.5  chlorine,  39.1 
potassium  with  80  bromine,  etc.),  or,  in  other  words,  the  equivalent 
weights  :— 

19* 
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Equiv. 

1 

Equiv 

Hydrogen 

1 

Fluorine . 

.     19 

Beryllium 

4.7 

Chlorine . 

•          •      oD.d 

Aluminium    . 

9.13 

Bromine  . 

.     80 

Lithium 

7 

Iodine 

.  127 

Magnesium    . 

12 

Calcium 

20 

Sodium 

23 

Zino 

32.6 

Indium . 

37.7 

Potassium 

39.1 

Strontium 

43.8 

Barium 

68.7 

Rubidium 

85.4 

Caosium 

133 

These  numbers,  as  will  be  explained  further  on,  are  also  the  relatire 
quantities  of  the  several  elements  which  would  be  separated  from  their 
compounds  by  an  electric  current  of  given  strength :  thus,  if  the  same 
current  were  passed  through  solutions  of  sodium  bromide,  potassium 
iodide,  and  zinc  chloride,  the  quantities  of  sodium,  potassium,  zinc,  bro- 
mine, iodine,  and  chlorine  simultaneously  separated  would  be  to  one  an- 
other in  the  proportion  of  the  numbers  in  the  table. 

In  most  cases,  however,  combination  between  two  elements  takes  place 
in  more  than  one  proportion,  and  in  such  cases  the  notion  of  equivalent 
value  becomes  less  definite  ;  in  fact,  such  elements  may  be  said  to  have  as 
many  equivalent  weights  as  there  are  ways  in  which  they  can  copibine 
with  others.  Thus,  tin  forms  two  series  of  compounds,  the  staijnous  com- 
pounds, in  which  59  parts  of  the  metal  unite  with  35.5  of  chlorine,  80  of 
bromine,  127  of  iodine,  etc.,  and  the  stannic  compounds,  in  which  half 
that  quantity  of  tin,  viz.,  29.5  parts,  discharges  the  same  function  ;  tin 
has  therefore  two  equivalents,  viz.,  59  in  the  stannous  and  29.5  in  the 
stannic  compounds.  In  like  manner,  the  equivalent  of  iron  is  28  in  the 
ferrous  and  18|  in  the  ferric  compounds.* 

Atomic  W  eights . — Let  ns  now  compare  the  hydrogen  compounds 
of  chlorine,  oxygen,  nitrogen,  and  carbon  with  regard  to  the  manner  in 
which  the  hydrogen  contained  in  them  may  be  replaced  by  other  elements. 
Compare  first  hydrochloric  acid  and  water.  When  hydrochloric  acid  is 
acted  upon  by  sodium,  the  whole  of  the  hydrogen  is  expelled,  and  the 
chlorine  enters  into  combination  with  an  equivalent  quantity  of  the  metal ; 
thus  36.5  parts  hydrochloric  acid  («=  1  part  hydrogen  -f-  35.5  chlorine) 
and  23  sodium  yield  1  part  of  free  hydrogen  and  23  4-  ^^-^  (^58.5)  sodium 
chloride  ;  there  is  no  such  thing  as  the  expulsion  of  part  of  the  hydrogen, 
or  the  formation  of  a  compound  containing  both  hydrogen  and  metal  in 
combination  with  the  chlorine. 

With  water,  however,  the  case  is  dificrent.  When  sodium  is  thrown 
upon  water,  18  parts  of  that  compound  (=2  hydrogen  +  16  oxygen)  are 
decomposed,  in  such  a  manner  that  half  of  the  hydrogen  is  expelled  by 

*  In  such  cases  it  is  Bometimes  supposed  that  the  two  classes  of  compounds  con- 
tain different  metallic  radicles,  combined  witii  the  same  quantity  of  a  non-metallie 
or  chlorous  element,  the  stannous  compounds,  for  example,  being  supposed  to 
contain  a  radicle  called  ^annonutA  (eq.  60),  and  the  stannic  compounds  another 
radicle  called  stannicum  (eq.  29.6).  This,  however,  is  a  mere  mode  of  expresaion. 
since,  to  take  the  two  ehlarides  of  tin  for  exi«mpie,  thexe  two  Pwompounds  might 
Just  as  well  be  supposed  to  contain  different  chlorous  radicles  combined  with  the 
same  quantity  of  tin. 
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an  equivalent  quantitj  of  sodium,  23,  and    sodium   hydroxide   is 
formed,  containing — 

Sodium.         Hydrogen.         Oxygen. 
23        +         1         +         l(j 

This  comi>ound  remains  in  the  solid  state  when  the  liquid  is  evaporated 
to  dryness  ;  and  if  it  be  further  heated  in  a  tube  with  sodium,  the  remain- 
ing half  of  the  hydrogen  is  driven  oflf,  and  ahydrous  sodium-oxide  remains, 
composed  of  46  parts  sodium  -f-  16  oxygen. 

Water  differs,  therefore,  from  hydrochloric  acid  in  this  respect,  that  its 
hydrogen  may  be  replaced  by  sodium  in  two  equal  portions,  yielding  suc- 
cessively a  hydroxide  and  an  anhydrous  oxide,  the  relations  of  which  to 
the  original  compound  may  be  thus  represented  :^- 

Water.  Sodiumhydroxide.  Sodiumoxide. 

Hydrogen.  Ox.       Hyd.  Sod.  Ox.  Sodium.  Ox. 

(1  +  1)     +     16        (1    +     23)     +     16        (23    +     23)     +     16. 

Regarding  these  results  in  connection  with  the  atomic  hypothesis  of  the 
constitution  of  bodies,  we  may  suppose :  (1)  That  each  molecule  of  hy- 
drochloric add  is  composed  of  one  atom  of  hydrogen  and  one  atom  of 
chlorine,  and  that  when  this  compound  is  acted  upon  by  sodium,  each 
molecule  is  decomposed,  its  hydrogen-atom  being  driven  out  and  replaced 
by  an  atom  of  sodium :  thus — 

(H  +  a)  and  Na  produce  (N»  +  CJl)  and  H 
1        35.5  23  23         35.5  1 

The  freights  of  the  three  atoms  concerned  in  this  reaction  are  to  one 
another  in  ^he  same  proportion  as  the  equivalent  weights,  or,  taking  the 
hydrogen  as  the  unit  in  each  case,  we  may  say  that  the  atomic  weights 
of  sodium  and  chlorine  are  identical  with  their  equivalent  weights. 

(2)  Bach  molecule  of  water  must  be  supposed  to  contain  two  atoms  of 
hydrogen :  for  if  it  contained  only  one  atom,  then,  since  the  first  action  of 
the  sodium  is  to  expel  only  half  the  hydrogen,  it  would  follow  that  each 
atom  of  hydrogen  would  be  split  into  two,  and  that  each  molecule  of 
sodium  hydroxide  would  contain  only  half  an  atom  of  hydrogen  :  this, 
however,  is  at  variance  with  the  fundamental  notion  of  atouLs,  namely, 
that  they  are  indivisible.  These  two  atoms  of  hydrogen  are  combined 
with  a  quantity  of  oxygen  weighing  16,  which  is,  therefore,  the  smallest 
quantity  of  oxygen  capable  of  entering  into  the  reaction  under  considera- 
tion :— 

HHO    +    Na=aHNaO    +     H 
1     1     16  23  1     23    16  1 

and  we  shall  hereafter  find  that  the  same  la  true  with  regard  to  all  other 
well-defined  reactions  in  which  oxygen  takes  part.  Hence  this  quantity 
of  oxygen,  16  parts  by  weight  (hydrogen  being  the  unit),  is  regarded  as 
the  weight  of  the  atom  of  oxygen. 

This  atomic  weight  of  oxygen  is  not  equal  to  the  equivalent  weight,  as 
in  the  case  of  chlorine,  but  hcice  as  greai^  8  parts  of  oxygen  being  the 
quantity  which  is  capable  of  replacing  one  part  of  hydrogen  in  combina- 
tion, and  may  in  many  cases  be  directly  substituted  for  it,  as  when  alcohol, 
a  compound  of  12  parts  carbon,  3  hydrogen,  and  8  oxygen,  is  oxidized  to 
acetic  acid  containing  12  carbon,  2  hydrogen,  and  16  oxygen. 

Let  us  now  consider  the  hydrogen -compound  of  nitrogen,  that  is  to  say, 
ammonia.  This  is  composed  of  1  part  of  hydrogen  united  with  4^  or  V  ^^ 
nitrogen.     Now  in  this  compound  the  hydrogen  is  replaceable  \>j  thirds, 
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or  3  parts  hydrogen  with  14  parts  nitrogen.  When  potassium  is  heated 
in  ammonia  gas,  a  compound  called  potassamine  is  formed,  in  which 
one-third  of  the  hydrogen  is  replaced  by  potassium.  Another  compound, 
called  tripotassamine,  is  also  known,  consisting  of  ammonia  in  which 
the  whole  of  the  hydrogen  is  replaced  by  an  equivalent  quantity. of  potas- 
sium. 

There  is  also  a  large  class  of  compounds  derived  from  ammonia  in  like 
manner  by  the  replacement  of  ^,  },  or  the  whole  of  the  hydrogen  by 
equivalent  quantities  of  certain  groups  of  elements  called  compound  radicles 
(see  page  238).  Hence,  by  reasoning  similar  to  that  which  was  above 
applied  to  water,  it  is  inferred  that  the  molecule  of  ammonia  contains  3 
atoms  of  hydrogen,  and  that  the  atomic  weight  of  nitrogen  is  14.  More- 
over, in  certain  organic  compounds,  this  quantity  of  nitrogen  may  be 
substituted  for  3  parts  of  hydrogen,  or  y  nitrogen  for  1  hy(&ogen ;  con- 
sequently the  atomic  weight  of  nitrogen  is  three  times  its  equivalent 
weight. 

Next  take  the  case  of  marsh  gas  or  methancy  a  compound  of  1  part  hydro- 
gen with  3  parts  carbon,  or  4  of  hydrogen  with  12  of  carbon.  When  this 
gas  is  mixed  with  chlorine,  and  exposed  to  diffuse  daylight,  a  new  com- 
pound is  formed,  in  which  one-fourth  of  the  hydrogen  belonging  to  the 
marsh  gas  is  replaced  by  an  equivalent  quantity  of  chlorine ;  and  if  the 
chlorine  is  in  excess,  and  the  mixture  exposed  to  sunshine,  three  other 
compounds  are  formed,  in  which  one-half,  three-fourths,  and  all  the 
hydrogen,  are  thus  replaced.    The  results  may  be  thus  expressed :— 


Oarbon. 

Methane. 

Hydrogen. 

12     + 
Oarbon. 

1      +       1      +       1 

Chloromethane. 
Hydrogen. 

+    1- 

Ghlorins. 

12     + 
Oarbon. 

1    +    1    +    1 

Diohloromethane. 
Hydrogen.                            < 

+      36.6 

Dhlorlne. 

* 

12      +      1      +      l'     +      35.5      +      36.6 

Trichloromethane  or  Chloroform. 
Oarb.             Hyd.                              Chlorine. 

12      + 
Oarbon. 

1      +       35.5     +     35.5 

Tetrachloromethane, 
Chlorine. 

+    35.6 

12      +      35.6       +      35.6      +      35.5      +      35.5 

Hence,  by  reasoning  similar  to  the  above,  it  is  inferred  that  the  mole- 
cule of  methane  contains  4  atoms  of  hydrogen,  and  that  the  atomic  weight 
of  carbon  is  12.  Moreover,  as  this  quantity  of  carbon  can  unite  with 
4x35.5  parts,  or  4  atoms  of  chlorine,  it  follows  that  the  atomic  weight  of 
carl)on  is  equal  to  four  times  its  equivalent  weight. 

We  have  thus  shown  in  three  cases  how  the  atomic  weight  of  an  element 
may  be  determined  by  the  proportion  in  which  equivalent  substitution 
takes  place  in  its  compounds  with  hydrogen.  Sulphur,  selenium,  and 
tellurium,  form  hydrogen-compounds  exactly  analogous  in  this  respect  to 
water,  the  hydrogen  being  replaceable  by  halves ;  their  atomic  weights 
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are,  therefore,  double  of  their  equivalent  weights.  Silicon  forms  with 
chlorino  a  compound  containing  7  parts  silicon  with  35.5  parts  chlorine  ; 
and  in  this  one-fourth  of  tlie  chlorine  is  replaceable  by  liydrogen  or  by 
bromine  :  hence  the  atomio  weight  of  silicon  is,  like  that  of  carbon,  equal 
to  four  times  the  equivalent  weight,  its  numerical  value  being  28.  There 
are  also  some  elements  in  which  the  atomio  weight  is  equal  to  five  times, 
others  in  which  it  is  equal  to  six  times,  and  others  in  which  it  is  perhaps 
equal  to  seven  times  or  eight  times  the  equivalent  weight :  higher  ratios 
have  not  been  observed. 

It  must  not  be  supposed  that  the  atomic  weights  of  elementary  bodies 
are  always  actually  determined  in  the  manner  above  described.  There  are 
several  other  methods  of  determining  their  numerical  values,  as  will  be 
presently  explained ;  and  the  values  obtained  by  different  methods  do  not 
always  exhibit  exact  agreement ;  but  the  atomic  weights  of  all  the  more 
important  elements  may  be  regarded  as  definitely  fixed  within  small  nume- 
rical errors.  The  equivalent  value  of  an  element,  or  the  ratio  of  the 
equivalent  to  the  atomio  weight,  is  also  subject  to  some  variation,  as  will 
be  presently  explained,  according  to  the  view  which  may  be  taken  of  the 
constitution  of  particular  compounds. 

The  values  of  the  atomio  weights  on  which  chemists  are  now,  for  the 
most  part,  agreed,  are  given  the  table  on  page  27. 

Physical  and  Chemical  Relations  of  Atomic  Weights. 

The  atomic  weights  of  the  elementary  bodies  exhibit  some  remarkable 
relations  to  their  physical  properties,  and  to  the  proportions  in  which  tliey 
unite  by  volume. 

1.  To  the  Speoifio  Heats  of  the  Blementary  Bodies. — Dulong 
and  Petit,  in  the  course  of  their  investigations  on  specific  heat,  observed 
that,  if  the  specific  heats  of  bodies  be  computed  upon  equal  weights,  num- 
bers are  obtained  all  different,  and  exhibiting  no  simple  relations  amongst 
themselves ;  but  if,  instead  of  equal  weights,  quantities  be  taken  in  the 
proportion  of  the  atomic  weights,  the  resulting  specific  heats  come  out  very 
nearly  equal,  at  least  in  the  case  of  solid  and  liquid  elements,  showing 
that  some  exceedingly  intimate  connection  must  exist  between  the  relation 
of  bodies  to  heat,  and  their  chemical  nature. 

In  the  following  table,  the  solid  and  liquid  elementary  bodies  are 
arranged  in  the  order  of  their  specific  heats,  as  determined  by  Regnault, 
beginning  with  those  whose  specific  heat  is  the  greatest ;  and  this  order, 
it  will  be  observed,  is  the  inverse  of  that  of  the  atomio  weights  in  the  third 
column ;— 
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Specific  Heats  of  Elementary  Bodies* 


Specific  Heat 

Atomlo 
Weight!. 

Product  of 

Elements. 

(that  of 
Water  - 1.) 

Sp.  Heat  X 
At.  Weight. 

Lithium 

0.9408 

7 

6.59 

Sodium     . 

0.2934 

23 

6.75 

Aluminium 

0.2143 

27.4 

j        6.89 

Ph«,phorus{«XJ* 

0.2120 
0.1887 

}       ''       { 

6.57 
6.85 

Sulphur   . 

0.2026 

32 

6.48 

Potassium 

0.1696 

39 

6.61 

Iron 

0.1138 

66 

6.37 

Nickel      . 

0.1086 

68.8 

6.37 

Cobalt      . 

0.1070 

68.8 

6.28 

Copper 

0.0952 

63.4 

6.04 

Zino. 

0.0956 

65.2 

6.24 

Arscnio    • 

0.0814 

75 

6.10 

Selenium . 

0.0762 

79.4 

6.02 

Bromine  (solid) 

0.0843 

80 

6.75 

Palladium 

0.0593 

106.6 

6.31 

Silver       .        • 

0.0570 

108 

6.16 

Cadmium 

0.0567 

112 

6.35 

Indium     •         •         • 

0.0570 

113.4 

6.46 

Tin  . 

0.0562 

118 

6.63 

Antimonj          •         . 

0.0508 

122 

6.19 

Iodine 

0.0541 

127 

6.87 

Tellurium 

0.0474 

128 

6.06 

Gold 

0.0324 

197 

6.38 

Platinum 

0.0311 

197.4 

6.16 

«--^{S1d  : 

0.0319 
0.0833 

I     200       1 

6.38 
6.66 

Thallium . 

0.0335 

204 

6.83 

Lead 

0.0314 

207 

6.50 

Bismuth  . 

0.0308 

210 

6.48 

A  comparison  of  the  numbers  in  the  fourth  column  of  this  table  shows 
that,  for  a  considerable  number  of  elementary  bodies  in  the  solid  state,  the 
specific  heats  are  very  nearly  proportional  to  the  atomic  weights,  so  that 
the  products  of  the  specific  heats  of  the  elements  into  their  atomic  weights 
give  nearly  a  constant  quantity,  the  mean  value  being  6.4.  This  quantity 
may  be  taken  to  represent  the  atomic  heat  of  the  several  elements  in  the 
solid  state,  or  the  quantity  of  heat  which  must  be  imparted  to  or  removed 
from  atomic  proportions  of  the  several  elements,  in  order  to  produce  equal 
variations  of  temperature. 

Carbon,  boron,  and  silioon  were  formerly  regarded  as  exceptions  to  this 
law,  their  atomic  heats,  calculated  from  the  specific  heats  determined  at 
ordinary  temperatures,  being  considerably  below  the  mean  value  of  those 
of  the  other  elements,  as  shown  by  the  following  table :— 
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Elements. 

Specific  Heat. 

Boron 

0.2500 
0.2415 
0.2008 
0.1469 
0.1774 
0.1750 

£  wood  charcoal      .     .     . 

Carbon  <  graphite 

^diamond 

Atomic 
Weights. 


Product  of  Sp. 

Heat  X  Atomic 

Weight. 


2.75 
2.90 
2.41 
1.76 
4.97 
4.70 


F.  Weber  has,  however,  lately  shown*  that  the  specific  heats  of  these 
three  bodies  increase  rapidly  at  higher  temperatures,  and  that  at  particular 
temperatures  (about  600©  for  carbon)  they  become  constant,  giving  for  the 
atomic  heats  a  mean  value  of  about  6,  which  is  nearly  the  same  as  that  of 
other  elements  of  small  atomic  weight,  like  aluminium  and  phosphorus, 
thus :-« 

Sp.  Heat. 

Silicon         •        •        .        .    0.203 

Carbon         ....    0.467 

Boron 0.5 


^t  Weight. 

28 
12 
11 


At  Heat. 

5.7 
5.6 
5.5 


The  specific  heats  and  molecular  weights  of  similarly  constituted  com- 
pounds exhibit,  for  the  most  part,  the  same  relation  as  that  which  is 
observed  between  the  specific  hsats  and  atomic  weights  of  the  elements. 

2.  To  the  Crystallina  Forma  of  Compounds. — It  is  found  that, 
in  many  cases,  two  or  more  compounds  which,  from  chemical  considera- 
tions, are  supposed  to  contain  equal  numbers  of  atoms  of  their  respective 
elements,  crystallize  in  the  same  or  in  very  similar  forms.  Such  compounds 
are  said  to  be  iaomorphotu.^  Thus,  the  sulphates  constituted  like  magne- 
sium sulphate,  MgBO^  4"  ^H^O,  are  isomorphous  with  the  corresponding 
selenates,  MgSeO^  ■{-  7H^0. 

Accordingly,  these  isomorphous  relations  are  often  appealed  to  for  the 
purpose  of  fixing  the  constitution  of  compounds,  and  thence  deducing  the 
atomic  weights  of  their  elements,  in  cases  which  would  otherwise  be 
doubtful.  Thus,  aluminium  forms  only  one  oxide,  viz.,  alumina,  which 
is  composed  of  18.3  parts  by  weight  of  aluminium  and  16  parts  of  oxygen. 
What,  then,  is  the  atomic  weight  of  aluminium  ?  The  answer  to  this 
question  will  depend  upon  the  constitution  assigned  to  alumina,  whether 
it  is  a  monoxide,  sesquioxide,  dioxide,  etc.     Thus  :-* 


Monoxide 

Sesquioxide  • 

Dioxide         • 
Trioxide        • 


AlO  = 

A1,0,  = 

AlOj  = 

AlO,  = 


O. 

16  + 

48  + 

32  4- 

48  + 


{ 


AL 

18.3 
27.4 
27.4 
36.6 
54.8 


The  numbers  in  the  last  column  of  this  table  are  the  weights  which 
must  be  assigned  to  the  atom  of  aluminium,  according  to  the  several  modes 
of  constitution  indicated  in  the  first  column ;  but  there  is  nothing  in  the 
constitution  of  the  oxide  itself  that  can  enable  us  to  decide  between  thftm. 
Now,  iron  forms  two  oxides,  in  which  the  quantities  of  oxygen  united  with 


♦  Ann.  Chtro.  Phys.  [6],  vlil.  138. 
t  *l0'6C,  equal ;  fcg^»,  form. 
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the  same  quantity  of  iron  are  to  one  another  as  1  :  1^,  or  as  2  :  3.  These 
are  therefore  regarded  as  monoxide,  FeO,  and  sesquioxide,  KojO,,  and  this 
last  oxide  is  known  to  be  isomorphous  with  alumina.  Consequently,  alu- 
mina is  also  regarded  as  a  sesquioxide,  AlgO,,  and  the  atomic  weight  of 
aluminium  is  inferred  to  be  27.4. 

3.  To  the  Volume-relatioiiB  of  Blements  and  Compounds. — ^The 
atomic  weights  of  those  elements  which  are  known  to  exist  in  the  state  of 
gas  or  vapor  are,  with  one  or  two  exceptions,  proportional  to  their  specific 
gravities  in  the  same  state.  Taking  the  specific  gravity  of  hydrogen  as 
unity,  those  of  the  following  gases  and  vapors  are  expressed  by  numbers 
identical  with  their  atomic  weights  :— 

.        .        •        .16 
•         •         .         •     o2 

.  •  a  •  i  V 

.  128 

The  exceptions  to  this  rule  are  exhibited  by  phosphonu  and  arseniCf  whose 
vapor-densities  are  twice  as  great  as  their  atomic  weights,  that  olf  phos- 
piiorus  being  62,  and  that  of  arsenic  150  ;  and  by  mercury  and  cadmium, 
wliose  vapor-densities  are  the  halves  of  their  atomic  weights,  that  of  mer- 
cury being  100,  and  that  of  cadmium  56. 

From  these  relations,  considerinl  in  connection  with  the  above  explained 
laws  of  combination  by  weight,  it  follows  that  the  volumes  of  any  two  ele- 
mentary gases  wliich  make  up  a  cx>mpound  molecule,  are  to  one  another  in 
the  same  ratio  as  the  number  of  atoms  of  the  same  elements  which  enter 
into  the  compound,  excepting  in  the  case  of  phosphorus  and  arsenic,  for 
which  the  number  of  volumes  thus  determined  has  to  be  halved,  and  of 
mercury  and  cadmium,  for  which  it  must  be  doubled  :  thus — 

The  molecule  HCl      contains      1  vol.  H  andl  vol.  CI 


Hydrogen    . 

• 

• 

.       1 

Oxygen . 

Chlorine 

• 

• 

.     35.5 

Sulphur 

Bromine 

• 

• 

.     80 

Selenium 

Iodine 

• 

• 

.  127 

Tellurium 

(( 

H,0 

ti 

2 

H   ** 

1 

0 

(1 

D,N 

(( 

3 

H   " 

1 

N 

n 

H,P 

i( 

i       3 

or  6 

H   " 
H   " 

\ 

P 
P 

(f 

CI3AS 

ft 

3 

or  6 

CI  ** 

CI  " 

\ 

As 
As 

n 

Cl,Hg 

11 

2 

CI  ** 

2 

Hg 

If  the  smallest  volume  of  a  gaseous  element  that  can  enter  into  combi- 
nation be  called  the  combining  volume  of  that  element,  the  law  of  combi- 
nation may  be  expressed  as  follows  :  The  combining  volumes  of  all  elementary 
gases  are  equal^  excepting  tliose  of  phosphorus  and  arsenic,  which  are  only  half 
those  of  the  other  elements  in  the  gaseous  state,  and  those  of  mercury  and  cadmium, 
which  are  double  those  of  the  other  elements. 

It  appears,  then,  that  in  all  cases  the  volumes  in  which  gaseous  ele- 
ments combine  tojajether  may  be  expressed  by  very  simple  numbers.  This 
is  the  **  Law  of  Volumes,"  first  observed  by  Humboldt  and  Gay-Lussac  in 
1805,  with  regard  to  the  combination  of  oxygen  and  hydrogen,  and  after- 
wards established  in  other  cases  by  Gay-Lussac,  whose  observations, 
published  in  his  **  Theory  of  Volumes,"  afforded  new  and  independent 
evidence  of  the  combination  of  bodies  in  definite  and  multiple  proportions, 
in  corroboration  of  that  derived  from  the  previously  observed  proportions 
of  combination  by  weight. 

Gay-Lussac  likewise  observed  that  the  product  of  the  union  of  two 
gases,  when  itself  a  gas,  sometimes  retains  the  original  volume  of  its 
constituents,  no  contraction  or  change  of  volume  resulting  from  the  com- 
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binatioB,  but  that  when  oontraction  takes  place,  which  is  the  most  com- 
iiiuu  (MLie,  the  volume  of  the  oompound  gas  always  bears  a  simple  ratio  to 
the  volumes  of  its  elements  :  and  subsequent  observation,  extended  over 
a  very  large  number  of  compounds,  organic  as  well  as  inorganic,  has 
shown  that,  with  a  few  exceptions,  probably  only  apparent,  the  molecules 
of'  compound  bodies  in  the  gaseous  state  occupy  twice  the  volume  of  an  atom  of  hy- 
drogen gas.  No  matter  what  may  be  the  number  of  atoms  or  volumes  that 
enter  into  the  compound,  they  all  become  condensed  into  two  volumes  ; 
thu5 — 

1  vol.  H  and  1  vol.  CI  form  2  vol.  HCl,  hydrochloric  acid. 

1  "    N    **     1   "    0      "     2   **     NO,    nitrogen  dioxide. 

2  ii     H   "     1    **    O      "     2   "     HjO,  water. 

3  "     H    "     1   "     N     *«     2   "     H3N,  ammonia. 

3   "     H   "    i   "     P      "     2   *'     H3P,  hydrogen  phosphide. 

Similarly  in  the  union  of  oompound  gases,  c.  g, — 

1  vol.  ethyl,     CjHg,  and  1  vol.  CI  form  2  vol.  CJIrQ,      ethyl  chloride. 

2  «*     ethyl,     CjH^,    "     1    "     0     **      2   "     (C^n.JjO,  ethyl  oxide. 

2  "     ethene,  C^H^,    "     2   "     CI   "     2   "     CjH^Clj,     ethene  chloride. 
2  "     ethene,  CjH^,    "     1   "     0     "      2   **     CjH^O,        ethene  oxide. 

It  will  presently  be  shown,  as  at  least  highly  probable,  that  the  mole- 
cule of  an  elementary  gas  in  the  free  state  is  ma<ie  up  of  two  atoms,  UH, 
for  example.  The  law  just  enunciated  may,  therefore,  be  generalized  as 
follows  :  jHie  molecules  of  all  gases ^  simjile  or  compound^  occupy  equal  volumes ; 
or,  equal  volumes  of  all  gases  contain  equal  numbers  of  molecules. 

This  is  called  the  **Law  of  A  vogadro, '*  having  been  first  enun- 
ciated (in  1811)  by  an  Italian  physicist  of  that  name.  It  is  quite  in 
accordance  with  the  observed  fact  that  all  perfect  gases,  simple  and  oom- 
pound, are  equally  affected  by  equal  variations  of  pressure  and  tempera- 
ture ;  and  indeed  it  may  be  shown,  by  mathematical  reasoning,  to  follow 
as  a  necessary  consequence  from  the  physical  constitution  of  gases  as  ex- 
plained in  connection  with  the  dynamical  theory  of  heat  (pp.  76-81)  :  but 
the  demonstration  is  not  of  a  nature  adapted  for  an  elementary  book.  The 
law  may,  however,  be  considered  as  completely  established  by  the  rela- 
tions between  the  combining  proportions  of  the  elements  by  weight  and 
by  volume  ajB  already  explained,  and  it  is  now  regarded  as  affording  the 
surest  method  of  fixing  the  molecular  constitution  of  all  compounds  that 
can  be  obtained  in  the  gaseous  state,  and  the  atomic  weights  of  the  ele- 
ments contained  in  them. 

Suppose,  for  example,  it  were  required  to  determine  the  atomic  weight 
of  tin.  This  metal  forms  a  volatile  chloride  (stannic  chloride),  in  which 
29.5  parts  by  w.'iight  of  tin  are  combined  with  35.5  parts  of  chlorine : 
29.5  is,  therefore,  the  equivalent  of  tin  in  this  compound.  Now  the  vapor- 
density  of  this  chloride,  or  the  weight  of  one  volume  referred  to  hydrogen 
as  unity,  is  135  ;  consequently  the  weight  of  two  volumes  of  the  vapor  is 
270,  and  this  contains  118  parts  of  tin  and  4x35.5  or  142  of  chlorine  ;  and 
as  this  appears  to  be  the  chloride  containing  the  largest  proportion  of 
chlorine,  or  the  smallest  proportion  of  tin,  it  is  regarded  as  a  compound  of 
4  atoms  of  chlorine  and  1  atom  of  tin,  and  the  atomic  weight  of  tin  is  thus 
found  to  be  118. 

When  an  element  does  not  form  any  volatile  compounds  whose  vajwr- 
densities  can  be  exactly  ascertained,  its  atomic  weight  may  be  determined 
by  its  specific  heat,  according  to  the  law  of  Dulong  and  Petit  (p.  221),  or 
by  its  isomorphous  relations  with  other  elements,  as  already  explained  in 
the  case  of  aluminium.  To  give  an  instance  of  the  determination  of  the 
20 
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atomic  weight  of  an  element  according  to  its  specific  heat,  we  may  take 
the  case  of  indium.  This  metal  forms  a  chloride  containing  35.5  parts  of 
chlorine  and  37.8  parts  of  indiam,  which  latter  number  is,  therefore,  the 
equivalent  weight  of  the  metal.  Now  when  indium  was  first  discovered 
(in  1863),  this  chloride  was,  for  reasons  which  need  not  here  be  specified, 
regarded  as  a  dichloride,  InCl,,  and  consequently  the  atomic  weight  of 
indium  was  supposed  to  be  75.6.  Subsequently,  however,  Bunsen  showed 
that  the  specific  heat  of  indium,  referred  to  the  unit  of  weight,  is  0.057, 
and  this  number  multiplied  by  75.6  gives  for  the  atomic  heat  the  number 
4.5,  which  does  not  agree  with  the  law  of  Dulong  and  Petit ;  but  If  the 
chloride  be  regarded  as  a  trichloride,  MCI,,  making  the  atomic  weight  of 
the  metal  equal  to  three  times  its  equivalent  weight,  or  113.4,  the  atomic 
heat  becomes  6.15,  which  agrees  very  nearly  with  the  general  law.  This 
number  113.4  is,  therefore,  now  adopted  as  the  atomic  weight  of  indium. 

Specific  or  Atomic  Volume. 

These  terms  denote  the  quotient  obtained  by  dividing  the  molecular 
weight  of  a  body  by  its  specific  gravity.  Now,  from  the  law  of  condensa- 
tion in  the  combination  of  gases  above  detailed  (p.  228),  it  follows  that 
^Ae  specific  gravity  of  any  compound  gas  or  vapor,  re/erred  to  hydrogen  as  unity, 
is  equal  to  half  its  atomic  or  molecular  weight :  hence  also,  the  8pec{fic  volumes 
of  compound  gases  or  vapors,  referred  to  that  of  hydrogen  as  unity  are,  with  a  few 
exceptions,  equal  to  2.  It  will  presently  l>e  shown  that  the  same  law  applies 
to  the  specific  volumes  of  the  elementary  gases  themselves. 

Some  compounds,  however,  exhibit  a  departure  from  this  rule,  their 
observed  specific  gravities  being  equal  to  only  one-fourth  their  molecular 
weights,  or  their  molecules  occupying  four  times  the  volume  of  an  atom 
of  hydrogen.  Such  is  the  case  with  sal-ammoniac,  NH^Cl,  phosphonis 
pentachloride,  PClj,  sulphuric  acid,  HjSO^,  ammonium  hydrosulphide 
(NH4)SH,  and  a  few  others.  This  anomaly  is  probably  due,  in  some  at 
least,  to  a  decomposition  or  **  dissociation"  of  the  compound  at  the  high 
temperature  to  which  it  is  subjected  for  the  determination  of  its  vapor- 
density  ;  NII4CI,  for  example,  splitting  np  into  NH,  and  HCl,  each  of  which 
occupies  two  volumes,  and  the  whole  therefore  four  volumes  ;  and  in  like 
manner  H^SO^  may  be  supposed  to  separate  into  H,0  and  SO, ;  PCI5  into 
PCI3  and  Clj  ;  (NHJSH  into  NH,  and  H,S,  etc. 

On  the  other  hand,  some  substances,  both  simple  and  compound,  exhibit, 
at  temperatures  not  far  above  their  boiling  points,  vapor-densities  con- 
siderably greater  than  they  should  have  according  to  the  general  law, 
whereas  when  raised  to  higher  temperatures  they  exhibit  normal  vapor- 
densities.  Thus  sulphur,  which  boils  at  440O,  exhibits  at  lOOOO,  like 
elementary  gases  in  general,  a  vapor-density  equal  to  its  atomic  weight, 
viz.,  32 ;  but  at  500O  its  vapor-density  is  nearly  three  times  as  great. 
Again,  acetic  acid,  CaH^O^,  whose  molecular  weight  is  24  -f-  4  -f-  16  ss  60, 
has,  at  temperatures  considerably  above  its  boiling  point,  a  vapor-density 
nearly  equal  to  30;  but  at  1250  (8  degrees  above  its  boiling  point),  ita 
vapor-density  is  rather  more  than  45,  or  1|  times  as  great.  This  anomal- 
ous increase  of  vapor-density  appears  to  take  place  when  the  substance 
approaches  its  liquei^ing  point,  at  which  also  it  exhibits  irregularities  in 
its  rate  of  expansion  and  contraction  by  variations  of  pressure  and  tempe- 
rature—at which,  in  short,  it  begins  to  behave  itself  like  a  liquid  :  but  at 
higher  temperatures  it  exhibits  the  physical  characters  of  a  perfect  gas, 
and  then  also  its  specific  gravity  becomes  normal. 

Specific  Volumes  of  Liquids  and  Solids. — ^The  following  table  exhibits  the 
specific  volumes  of  those  solid  and  liquid  elements  whose  specific  gravities 
have  been  det<*rrained  with  sufficient  accuracy.  The  elements  are  arranged 
in  the  order  of  their  specific  volumes,  beginning  with  the  smallest :— 
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Specific  Volumes  of  Solid  and  Liquid  Elements. 


Atoinifl 

Speo'fle 

Speeiflc 

Atomic 

Speeiflc 

Speoifie 

weight,  grayity. 

Tola  me. 

weight. 

1 

gnTliy 

volume. 

Carbon,  as  dia- 

Mercury, /i- 

mond ,     .     • 

12 

3.52 

3.4 

guid .     .     . 

200 

14.8 

14.8 

Beryllium 

9.4 

2.1 

4.4 

Sulphur,   tri- 

Carbon,  as 

metric    .     . 

32 

2.07 

15.2 

graphite  .     . 

12 

2.3 

5.2 

Indium     .     . 

113.4 

7.4 

15.3 

Nickel  .     .     . 

58.8 

8.6 

6.8 

Phosphorus, 

Manganese     . 

55 

8.03 

6.85 

red   .     .     . 

31 

1.94 

15.8 

Cobalt  .     .     . 

58.8 

8.50 

7.0 

Sulphur,  mo- 

Iron      .     .     . 

56 

7.8 

7.2 

noclinic  .     . 

32 

1.98 

16.2 

Copper .     .     . 

63.4 

8.95 

7.2 

Tin       ... 

118 

7.3 

16.2 

Chromiam 

52.2 

7.01 

7.4 

Selenium, 

Iridium      .     . 

198 

21.8 

9.1 

granular 

79.4 

4.80 

16.4 

Platinum  .     . 

197.4 

21.5 

9.2 

Phosphorus, 

Zinc      .     .     . 

65.2 

7.1 

9.2 

yellow    .     . 

31 

1.84 

16.8 

Palladium 

106.6 

11.8 

9.2 

Antimony 

122 

6.7 

18.2 

Rhodium   .     . 

104.4 

11.0 

9.4 

Lead    .     .     . 

207 

11.33 

18.3 

Silver    .     .     . 

108 

10.5 

10.2 

Selenium, 

Gold      .     .     . 

199 

19.34 

10.2 

amorphous  . 

79.4 

4.28 

18.4 

Aluminium    . 

27.4 

2.67 

10.26 

Tellurium 

128 

6.2 

20.6 

Molybde- 

Bismuth .     . 

210 

9.8 

21.2 

num  ... 

96 

8.6 

11.1 

Sodium     .     . 

23 

0.97 

23.7 

Silicon,     ora- 
phitoidal 

Calcium   .     . 

40 

1.58 

25 

28 

2.5 

11.2 

Iodine .     .     . 

127 

4.95 

25.7 

Lithium     .     . 

7 

0.59 

11.9 

Bromine,   li- 

Cadmium .     . 

112 

8.7 

13.0 

quid .     .     . 

80 

3.19 

25.8 

Uranium   .     . 

240 

18.4 

13.2 

Chlorine,   li- 

Arsenic     .     . 

75 

5.63 

13.3 

quid  .     .     . 

35.5 

1.33 

26.7 

Mag^nesi- 

Strontium     . 

87.6 

2.54 

34.4 

um    .     .     . 

24 

1.74 

13.8 

Potassium     . 

39.1 

0.86 

45.6 

The  numbers  in  the  third  column  of  this  table  do  not  exhibit  the  sim- 
plicity of  relation  which  exists  between  the  specific  volumes  of  gaseous 
bodies.  There  are,  indeed,  several  causes  which  interfere  with  the  exist- 
ence, or  at  least  with  the  observation,  of  such  simple  relations  between 
the  specific  volumes  of  solid  and  liquid  elements.  In  the  first  place,  the 
densities  of  three  of  them,  mercury,  bromine,  and  chlorine,  are  such  as 
belong  to  them  in  the  liquid  state,  whereas  the  densities  assigned  to  all 
the  others  have  been  determined  in  the  solid  state.  In  solids,  moreover, 
the  density  is  greatly  affected  by  the  state  of  aggregation,  whether  crys- 
talline or  amorphous,  and  in  dimorphous  bodies,  each  form  has  a  density 
peculiar  to  itself.  Further,  as  solids  and  liquids  are  variously  affected  by 
heat,  each  having  a  peculiar  rate  of  expansion,  and  that  rate  being  dif- 
ferent at  different  temperatures,  it  is  not  to  be  expected  that  their  specific 
volumes  should  exhibit  simple  relations,  unless  they  are  compared  at  tem- 
peratures at  which  they  are  similarly  affected  by  heat.  Even  gases  are 
found  to  exhibit  abnormal  specific  volumes  if  compared  at  temperatures 
too  near  the  points  at  which  they  pass  into  the  liquid  state.  In  liquids, 
the  simplest  relations  of  specific  volume  are  found  at  those  temperatures 
for  which  the  tensions  of  the  vapors  are  equal  (Kopp)  ;  and  in  solids,  the 
melting  points  are  most  probably  the  comparable  temperatures.    Now  th.e 


Speeiflo 
gravity. 

3.60 

Specific 
Tolume. 

41.0 

6.47 

41.3 
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specific  gravities  of  most  of  the  solid  elements  in  the  preceding  table  have 
heen  determined  at  mean  temperatures  (as  at  15.5^  C,  60O  F.),  which,  in 
the  case  of  potassium,  sodium,  phosphorus,  and  a  few  others,  do  not  differ 
greatly  from  the  melting  points,  but  in  other  cases,  as  with  gold,  platinum, 
iron,  etc.,  are  removed  from  the  melting  points  bj  very  long  intervals. 
In  spite,  however,  of  these  causes  of  divergence,  the  specific  volumes  of 
certain  analogous  elements  are  verj  nearly  equal  to  each  other :  viz.,  those 
of  selenium  and  sulphur ;  of  chromium,  iron,  cobalt,  copper,  manganese, 
and  nickel ;  of  molybdenum  and  tungsten ;  of  iridium,  platinum,  palla- 
dium, and  rhodium  ;  and  of  gold  and  silver. 

Sj)ecijic  Volumes  of  Soiid  and  Liquid  Compounds. ^^The  most  general  rela- 
tion that  has  been  observed  between  the  specific  volumes  of  solid  com- 
pounds is,  that  isomorjthous  compounds  have  equal  specific  volumes,  in  other 
words,  that  their  densities  are  proportional  to  their  molecular  weights  : 
such  is  the  case,  for  example,  with  the  native  carbonates  of  strontium 
(strontianite)  and  of  lead  (cerussite)  : 

v<«.».,i.  Molecular 

Formula.  weight. 

SrCO,  147.6 

PbCOg  267 

If  the  crystalline  forms  are  only  approximately  similar,  the  specific  vol- 
umes also  are  only  approximately  equal,  the  diflference  being  less  as  the 
angles  of  the  two  crystalline  forms  are  more  nearly  equal  and  their  axis 
more  nearly  in  the  same  ratio.  In  dimorphous  compounds,  each  modifica- 
tion has  a  density,  and  therefore  a  specific  volume,  peculiar  to  itself. 

The  hydrated  sulphates  of  magnesium,  zinc,  nickel,  cobalt,  and  iron, 
which  have  the  general  formula,  M^'SO^  -f-  7115,0  (M"  denoting  a  bivalent 
metal :  see  next  page),  and  crystallize  in  similar  forms,  have  specific  vol- 
umes very  nearly  equal  to  146 ;  the  double  sulphates  isomorphous  with 
potassio-cupric  sulphate,  K,Cu(SO^)g  -|-  6H,0,  have  specific  volumes  rang- 
ing between  198  and  216  ;  and  the  alums,  «.  g.,  EA1(S04),  +  I2H2O,  have 
specific  volumes  ranging  between  276  and  281. 

The  specific  volumes  of  liquid  compounds  have  been  studied  chiefly  with 
relation  to  organic  compounds.  The  most  general  relation  observed  is  that : 
Differences  of  specific  volumes  are  in  numerous  instances  proportional  to  the  differ- 
ences between  the  corresponding  chemical  formulte.  Thus  liquids  whose  formulae 
differ  by  nCH,  diflfer  in  specific  volume  by  n  times  22  ;  for  example,  methyl 
formate  CUg.ClIO,,  and  ethyl  butyrate  C,H6.C4H^O„  which  diflfer  by  4CH„ 
have  specific  volumes  differing  by  nearly  4  X  22. 

Atomicity,    Quantivalence, 

We  have  seen  that  the  atomic  weight  of  an  element  is  In  some  cases 
equal  to  its  equivalent  weight,  in  others,  twice,  three  times,  four  times, 
etc.,  as  great  as  the  equivalent  weight ;  in  other  words,  an  atom  of  certain 
elements  can  replace  or  be  substituted  for  only  one  atom  of  hydrogen, 
whereas  the  atoms  of  other  elements  can  replace  1,  2,  3,  4,  etc.,  atoms  of 
hydrogen.  Thus,  when  sodium  dissolves  in  hydrochloric  acid,  each  atom 
of  sodium  replaces  1  atom  of  hydrogen  ;  but  when  zinc  dissolves  in  the 
same  acid,  each  atom  of  zinc  takes  the  place  of  2  atoms  of  hydrogen  :  thus 

Na    -f-    HCl    =    Naa    +    H 
Zn    +  211C1    =   ZnClj    +     H, 

Here  it  is  seen  that  an  atom  of  zinc  is  equal  in  combining,  or  saturating 
power  to  2  atoms  of  hydrogen.  In  like  manner,  antimony  and  bismuth 
form  trichlorides,  AlClj  and  BiClg,  in  which  the  atom  of  the  metal  per- 
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forms  tlie  same  chemical  fanction  as  3  atoms  of  hydrogen,  that  is  to  saj,  it 
saturates  3  atoms  of  chlorine  ;  so  also  tin  in  the  tetrachloride  is  equivalent 
to  4H,  and  phosphorus  in  the  pentachloride,  PCl^,  to  5U. 

Tliis  difference  of  equivalent,  combining,  or  saturating  power  is  called 
quantivalence  or  atomicitj,  and  is  sometimes  denoted  by  placing 
dashes  or  Roman  numerals  to  the  right  of  the  symbol  of  an  element,  and 
at  the  top,  as  O'',  B"',  C*^,  etc. ;  and  the  severed  elements  are  designated 


Univalent  elements,  or  Monads,  as  H 
Bivalent  "  Dyads,     **  O" 

Trivalent  "  Triads,     "  B'" 

Quadrivalent    **  Tetrads,  "  C»' 

Quinquivalent  "  Pentads,  **  P' 

Sexvalent         •*  Hexads,   "  W* 


Elements  of  even  equivalency,  viz.,  the  dyads,  tetrads,  and  hexads,  are 
also  included  under  the  general  term  artiads,*  and  those  of  uneven 
equivalency,  viz.,  the  monads,  triads,  and  pentads,  are  designated  gene- 
rally as  perissads.f 

Another  method  of  indicating  the  equivalent  values  of  the  elementary 
atoms,  and  the  manner  in  which  they  are  satisfied  by  combination,  is  to 
arrange  the  symbols  in  diagrams  in  which  each  element  is  connected  with 
others  by  a  number  of  lines,  or  connecting  bonds  corresponding  with  its 
degree  of  equivalence ;  a  monad  being  connected  with  other  elements  by 
only  one  such  bond,  a  triad  by  three,  a  hexad  by  six,  etc.,  as  in  the  fol- 
lowing examples : — 


Water,  H,0 

Carbon  dioxide,  CO,     . 

Ammonium  chloride,  NH^Cl 
Btilphurio  oxide,  SO,    . 


H— O— H 
0=C=^0 
CI 


O 


s=o 

0 


Sulphuric  acid,  H,SO^  . 


Nitric  acid,  HNO,' 


H— O— S— 0— H 

0 

II 

N— O— H 


Zinc  nitrate,  ZnN,0,      . 


O 

0  0 

II  II 

N— 0— Zn— 0^'N 


O 


O 


•  hyrnt,  even. 


20* 


t  Tl%piff99if  uneven. 
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It  must  be  distinctly  understood  that  these  formulae— which  are  called 
graphic,  structural,  or  constitutional  formulae — are  not  in- 
tended to  represent  the  actual  arrangement  of  the  atoms  in  a  compound  ; 
indeed,  even  if  we  had  a  distinct  notion  of  the  manner  in  which  the  atoms 
of  any  compound  are  arranged,  it  could  not  be  adequately  represented  on 
a  plane  surface.  Tlie  lines  connecting  the  diflereut  atoms  indicate  nothing 
more  than  the  number  of  units  of  equivalency  belonging  to  the  several 
atoms,  and  the  manner  in  which  they  are  disposed  of  by  combination  with 
those  of  other  atoms.  Thus,  the  formula  for  nitric  acid  indicates  that  two 
of  the  three  constituent  oxygen  atoms  are  combined  with  the  nitrogen 
alone,  and  are  consequently  attached  to  that  element  by  both  their  units 
of  equivalency,  whereas  the  third  oxygen  atom  is  combined  both  vriih 
nitrogen  and  with  hydrogen.* 

By  inspection  of  the  preceding  diagrams,  it  will  be  observed  that  every 
atom  of  a  compound  has  each  of  its  units  of  equivalency  satisfied  by  com- 
bination with  a  unit  belonging  to  some  other  atom.  Such,  indeed,  is  the 
case  in  every  saturated  or  normal  compound.  Accordingly,  it  is  found  that 
in  all  such  compounds  the  sum  of  the  perissad  elements  is  always  an  even 
number.  Thus,  a  compound  may  contain  two,  four,  six,  etc.,  monad  atoms, 
as  CIH,  OHg,  CU|,  C,Ii^,  C3U,,  SiHgCl ;  or  one  monad  and  one  triad  atom, 
as  BCl, ;  or  one  pentad  and  five  monads,  as  NH4C1 ;  but  never  an  uneven 
number  of  perissad  atoms.  This  is  the  *'  law  of  even  numbers,"  announced 
some  years  ago  by  Gerhardt  and  Laurent  as  a  result  of  observation.  It 
was  long  received  with  doubt,  but  has  now  been  confirmed  by  the  analysis 
of  so  many  well-defined  compounds,  that  a  departure  from  it  is  looked  upon 
as  a  sure  indication  of  incorrect  analysis. 

For  a  similar  reason,  the  atoms  of  elementary  bodies  rarely  exist  In  the 
free  state,  but,  when  separated  from  any  compound,  tend  to  combine  with 
other  atoms,  either  of  tlie  same  or  of  some  other  element.  Perissad  ele- 
ments, like  hydrogen,  chlorine,  nitrogen,  etc.,  separate  from  their  com- 
pounds in  pairs  ;  their  molecule  contains  two  atoms,  e.  g,,  U — H.  Artiad 
elements  may  unite  in  groups  of  two,  three,  or  more ;  thus,  the  molecule 
of  oxygen,  in  its  ordinary  state,  probably  contains  two  atoms,  that  of  ozone 
three  atoms  ;  thus — 

Oxygen 0=0 

Ozone O — 0 

V 

O 

The  tendency  of  elementary  atoms  to  separate  in  groups  is  shown  in 
various  ways.  Thus,  when  copper  hydride,  Cu^H,  (to  be  hereafter  de- 
scribed), is  decomposed  by  hydrochloric  acid,  a  quantity  of  hydrogen  is 
given  off  equal  to  twice  that  which  is  contained  in  the  hydride  itself ; 
thus — 

Cn,H,  +  2HC1  =  Cu^a,  +  2HH. 

This  action  is  precisely  analogous  to  that  of  hydrochloric  acid  on  cuprous 
oxide : 

Cu,0  +  2Ha  =  CujClj  +  H,0. 

♦  For  lecture  und  class  Illustration,  solid  diafirrains  are  constructed,  with  wooden 
balls  of  various  colors,  to  represent  the  atoms,  having  holes  for  the  insertion  of 
eonnecting  rods;  these  representations  are  called  glyptic  formvUB,  Objection  li 
sometimes  made  to  the  use  of  such  illustrations,  on  the  ground  that  they  might 
lead  the  pup  Is  to  Imagine  that  the  atoms  forming  a  molecule  are  actually  con- 
nected together  by  material  bonds  As  well  mieht  ot>Jeotlon  be  taken  to  the  use 
of  an  artlflpial  iflobeln  tenehing  geography  and  ««stronomy.  lest  the  student  should 
aoquiro  curious  notions  about  the  brazen  meridian  and  vhoden  horizon. 
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In  the  latter  case,  the  hydrogen  separated  from  the  hydrochloric  acid 
unites  with  oxygen,  in  the  former  with  hydrogen.  Again,  when  solutions 
of  sulphurous  acid  and  sulphydrio  acid  are  mixed,  the  whole  of  the  sul- 
phur is  precipitated : 

H^3  +  2H2S  =  3H,0  +  S.S„ 

the  action  heing  similar  to  that  of  sulphurous  acid  on  selenhydric  acid : — 

HjSOg  +  2H,Se  =  3H,0  +  S.Se,. 

In  the  one  case,  a  sulphide  of  selenium  is  precipitated  ;  in  the  other  a  sul- 
phide of  sulphur.  The  precipitation  of  iodine,  which  takes  place  on 
mixing  hydriodic  acid  with  ioidio  acid,  affords  a  similar  instance  of  the 
combination  of  homogeneous  atoms : 

5HI        +        HIO,       s        3H2O        +        311. 
Hydriodic  acid.         Iodic  aoid.  Water.  Free  iodine. 

Another  striking  illustration  of  this  mode  of  action  is  afforded  by  the  re- 
duction of  certain  metallic  oxides  by  hydrogen  dioxide.  When  silver 
oxide  is  thrown  into  this  liquid,  water  is  formed,  the  silver  is  reduced  to 
the  metallic  state,  and  a  quantity  of  oxygen  is  evolved  equal  to  twice  that 
which  is  contained  in  the  silver  oxide  : — 

Ag,0  4-  H,0,  =  H,0  +  Ag,  +  00. 

Further,  elementary  bodies  frequently  act  upon  others  as  if  their  atoms 
were  associated  in  binary  groups.  Thus  chlorine  acting  upon  potassium 
oxide  forms  two  compounds,  the  chloride  and  hypochlorite  of  potassium 
—(p.  181) : 

CiCl  +  KKO  =s  Ka  -f  Kao. 

Again,  in  the  action  of  chlorine  upon  many  organic  compounds,  one  atom 
of  chlorine  removes  one  atom  of  hydrogen  as  hydrochloric  acid,  while  an- 
other atom  of  chlorine  takes  the  place  of  the  hydrogen  thus  removed. 
For  example,  in  the  formation  of  chloracetio  acid  by  the  action  of  chlorine 
on  acetic  acid : — 


C,HA      +  Cia    «    HCl    +      C,H,C10, 
Acetic  acid.  Ohloracetio  ai 


Ohloracetio  aoid. 

Similarly,  when  metallic  sulphides  oxidize  in  the  air,  both  the  metal 
and  the  sulphur  combine  with  oxygen  ;  and  sulphur  acting  upon  potash 
forms  both  a  sulphide  and  a  thiosulphate.  In  all  these  cases  the  atoms  of 
the  elementary  bodies  act  in  pairs. 

On  the  supposition  that  the  molecules  of  elementary  bodies  in  the  gase- 
ous state  are  made  up  of  two  atoms,  the  specific  volumes  of  these  gases 
will  come  under  the  same  law  as  that  which  applies  to  compounds  (p.  230)  : 
and  it  may  then  be  stated  generally,  that,  with  the  few  exceptions  already 
noticed,  the  specific  gravities  of  all  bodies ^  simple  and  compound,  in  the  gaseous 
state,  are  equal  to  half  their  molecular  weights  ;  or  the  specific  volumes  (the  quo- 
tients of  the  molecular  weights  by  the  specific  gravities)  are  equal  to  2. 

There  are,  however,  two  elements,  namely,  phosphorus  and  arsenic, 
which  at  all  temperatures  hitherto  attained  exhibit  a  vapor-density  twice 
as  great  as  that  which  they  should  have  according  to  the  general  law,  that 
of  phosphorus  being  always  62,  and  that  of  arsenic  150.  This  has  been 
explained  by  supposing  that  the  molecule  of  each  of  these  two  elements 
in  the  free  state  contains  four  atoms  instead  of  two,  as  is  the  case  with 
most  elementary  bodies ;  thus  the  molecule  of  phosphorus  is  supposed 
to  be  represented  by  the  formula. 


P P 
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Variation  of  Equivalency. — ^Multivalent  elements  often  exhibit  yarying 
degrees  of  equivalency.  Thus  carbon,  which  is  quadrivalent  in  marsh 
gas,  CU4,  and  in  carbon  dioxide,  CO,,  is  only  bivalent  in  carbon  monoxide, 
CO ;  nitrogen,  which  is  quinquivalent  in  sal-ammoniac,  NU4CI,  and  the  other 
ammonium  salts,  and  in  nitrogen  pentoxide,  NjO^,  is  trivalent  in  ammonia, 
NU„  and  in  nitrogen  trioxide,  N,0„  and  univalent  in  nitrogen  monoxide 
Hfi ;  sulphur,  also,  which  is  sexvalent  in  sulphur  trioxide,  SO,,  is  quad- 
rivalent in  sulphur  dioxide,  SO,,  and  bivalent  in  hydrogen  sulphide,  H^S, 
and  in  many  metallic  sulphides.  In  these  cases,  and  in  others  of  varying 
equivalency,  the  variation  mostly  takes  place  by  two  units  of  equivalency. 
It  is  not  very  easy  to  account  for  these  variations  ;  but  it  is  observed  in  all 
cases  that  the  compounds  in  which  the  equivalency  of  a  polygenic  element 
is  most  completely  satisfied  are  more  stable  than  the  others,  and  that  the 
latter  tend  to  pass  into  the  former  by  taking  up  the  required  number  of 
univalent  or  bivalent  atoms  ;  thus,  carbon  monoxide,  CO,  easily  takes  up 
another  atom  of  oxygen  to  form  the  dioxide,  CO, ;  nitrogen  trioxide,  N,0„ 
is  readily  converted  into  the  pentoxide,  NjO^;  ammonia,  NH„  unites 
readily  with  hydrochloric  acid  to  form  sal-ammoniac,  NH4CI,  etc.  Similar 
phenomena  are  exhibited  by  many  organo-metallic  bodies,  as  will  be  ex- 
plained further  on. 

From  this  it  seems  moat  probable  that  the  true  quantivalence  or  atomicity 
of  a  polygenic  element  is  that  which  corresponds  with  the  maximum  num- 
ber of  monad  atoms  with  which  it  can  combine,  but  that  one  or  two  pairs 
of  its  units  of  equivalency  may,  under  certain  circumstances,  remain  un- 
saturated. Whether  a  saturated  or  an  unsaturated  compound  is  formed, 
will  depend  on  a  variety  of  conditions,  often  in  great  measure  on  the  re- 
lative quantities  of  the  acting  substances.  Thus  phosphorus,  which  is  a 
pentad  element,  forms  with  chlorine  either  a  trichloride,  PClg,  or  a  penta- 
chloride,  PCI5,  according  as  the  phosphorus  or  the  chlorine  is  in  excess 
(p.  219).* 

In  compounds  containing  two  or  more  atoms  of  the  same  multivalent 
element,  one  or  more  units  of  equivalence  belonging  to  each  of  these  atoms 
may  be  neutralized  by  combination  with  those  of  another  atom  of  the  same 
kind,  so  that  the  element  in  question  will  appear  to  enter  into  the  com- 
pound with  less  than  its  normal  degree  of  equivalence.  Thus  in  ethane, 
or  dimethyl,  C,H^,  which  is  a  perfectly  stable  compound,  having  no  tend- 
ency to  take  up  an  additional  number  of  atoms  of  hydrogen  or  any  other 
element,  the  carbon  appears  to  be  trivalent  instead  of  quadrivalent ;  simi- 
larly in  propane,  CjH^,  its  equivalence  appears  to  be  reduced  to  }  ;  and  in 
quartane  or  diethyl,  C^H,^,  to  f .  In  all  these  cases,  however,  the  diminu- 
tion of  equivalent  value  in  the  carbon  atoms  is  only  apparent,  as  may  be 
seen  in  the  following  formuhe  :— 

Ethane.  Propane.  Q,uartane. 


H 
H-A-H 

H 

H— C— H 

H— C— H 

H— C— H 

A 

H     C     H 

i 

or,  more  shortly,  omitting  the  equivalent  marks  of  the  monad  atoms  :— 
*  See  Also  Erlenmeyer,  Lehrbuch  der  organischen  Chcmle,  p.  41. 
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Ethane.  Propane.  Quartsne. 

CUj  CUg  CU| 

CHj  CiL  CH, 

I  I 

CH,  CH, 

In  each  of  these  compounds,  every  carbon  atom,  except  the  two  outside 
ones$,  has  two  of  its  units  of  equivalence  satisfied  by  combination  with  those 
of  the  neighboring  carbon  atoms,  while  each  of  the  two  exterior  ones  ha? 
only  one  unit  thus  satisfied.  Hence,  in  any  similarly  constituted  compound 
containing  n  carbon  atoms,  the  number  of  units  of  equivalence  remaining 
to  be  satisfied  by  the  hydrogen  atom  is  4n — 2(» — 2) — 2as2n-|-2.  The  gene- 
ral formula  of  this  series  of  hydrocarbons  is,  therefore,  C«U2fi4-2.  and  the 

Ow  1  2 

equiraleiit  value  of  the  carbon  is  — X— 

n 

In  other  cases,  multivalent  atoms  may  be  united  by  two  or  more  of  their 
units  of  equivalence,  so  that  their  combining  power  may  appear  to  be  still 
further  reduced,  as  in  the  hydrocarbon,  C^U^,  in  which  the  carbon  may 
be  apparently  bivalent,  and  in  C,H„  in  which  it  may  appear  to  be  uni- 
valent; thus^- 

H— C— H  C— H 

il  Hi 

H— C— H  C— H. 

In  most  cases,  the  equivalent  value  or  atomicity  of  an  element  is  most 
safely  determined  by  the  number  of  monad  atoms  with  which  it  can 
oomblne.  Of  dyad  atoms,  indeed,  any  element  or  compound  may  take 
up  an  indefinite  number,  without  alteration  of  its  quantivalence  or  com- 
bining power :  for  each  dyad  atom,  possessing  two  units  of  equivalency, 
neutralizes  one  unit  in  the  compound  which  it  enters,  and  introduces 
another,  leaving,  therefore,  the  combining  power  of  the  compound  just 
what  it  was  before.  Thus  potassium  forms  only  one  chloride,  KCl,  and  is 
therefore  univalent  or  monadic;  but  in  addition  to  the  oxide,  K,0,  corre- 
sponding with  this  chloride,  it  likewise  forms  two  others,  viz.,  K,0,  and 
KjO^,  in  the  former  of  which  it  might  be  regarded  as  dyadic,  and  in  the 
latter  as  tetradic  ;  but  the  manner  in  which  dyad  oxygen  enters  these  com- 
pounds is  easily  seen  by  inspection  of  the  following  diagrams  : — 

Monoxide.  Dioxide.  Tetroxlde. 

r,^K  O— K  O— K 


K. 

It  is  evident  that  any  number  of  oxygen-atoms  might,  in  like  manner, 
be  inserted  without  disturbing*  the  balance  of  equivalency.  If,  indeed, 
we  turn  to  the  sulphides  of  potassium,  in  which  the  sulphur  is  dyadic, 
like  oxygen,  we  find  the  series,  K,S,  KjSj,  K,S„  K^S^,  K^Sj,  the  constitution 
of  which  may  be  represented  in  a  precisely  similar  manner.  Hence  the 
quantivalence  of  any  element  is,  for  the  most  part,  best  determined  by 
the  composition  of  its  chlorides,  bromides,  iodides,  or  fluorides,  rather 
than  by  that  of  its  oxides  or  sulphides.    In  some  cases,  however,  as  will 
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be  seen  farther  on,  the  combinations  of  an  element  with  oxygen  afford  the 
best  means  of  determining  its  quantivalence  or  combining  capacity. 

Compound  Radicles. — Suppose  one  or  more  of  the  component  atoms 
of  a  fully  saturated  molecule  to  be  removed :  it  is  clear  that  the  remaining 
atom  or  group  of  atoms  will  no  longer  be  saturated,  but  will  have  a  com- 
bining power  corresponding  with  the  number  of  units  of  equivalency  re- 
moved. Such  unsaturated  groups  are  called  residues  or  radicles. 
Methane,  CU^,  is  a  fully  saturated  compound ;  but  if  one  of  its  hydrogen 
atoms  be  removed,  the  residue  CH,  (called  methyl)  will  be  ready  to 
combine  with  one  atom  of  a  univalent  element,  such  as  chlorine,  bromine, 
etc.,  forming  the  compounds  CH,C1,  CH,Br,  etc. ;  two  atoms  of  it  unite  in 
like  manner  with  one  atom  of  oxygen,  sulphur,  and  other  bivalent  ele- 
ments, forming  the  compounds  0"(CH,)j,  S"(CH,)„  etc. ;  three  atoms 
with  nitrogen,  yielding  K'"(CH,)j,  etc. 

The  removal  of  two  hydrogen-atoms  from  CH^  leaves  the  bivalent  radicle 
ClI],  called  met  bene,  which  yields  the  compounds  CU^Gl,,  CU,0,  CU^S, 
etc.  The  removal  of  three  hydrogen-atoms  from  CH^  leaves  the  trivalent 
radicle  CH,  which,  in  combination  with  three  chlorine-atoms,  constitutes 
chloroform,  CllClg.  And,  finally,  the  removal  of  all  four  hydrogen-atoms 
from  CH4  leaves  the  quadrivalent  radicle  carbon,  C'*,  capable  of  forming 
the  compounds  CCl^,  CS„  etc. 

In  like  manner,  ammonia,  NH,,  in  which  the  nitrogen  is  trivalent, 
yields,  by  removal  of  one  hydrogen-atom,  the  univalent  radicle  ami- 
dogen,  NHj,  which  with  one  atom  of  potassium  forms  potassamine, 
KH,K,  and  when  combined  with  one  atom  of  the  univalent  radicle  methyl, 
CHj,  forms  methylamine,  NHj(CHj),  etc.  The  abstraction  of  two  hydro- 
gen-atoms from  the  molecule  NU„  leaves  the  bivalent  radicle  imidogen, 
NH,  which  with  two  methyl-atoms  forms  dimethylamine,  NH(CHj)j,  etc. ; 
and  the  removal  of  all  three  hydrogen-atoms  from  NH,,  leaves  nitrogen 
itself,  which  frequently  acts  as  a  trivalent  element  or  radicle,  forming  tri- 
potassamine,  NK3,  trimothylamine,  NCCH,),,  etc. 

Finally,  the  molecule  of  watery  OH,,  by  losing  an  atom  of  hydrogen,  is 
converted  into  the  univalent  radicle  hydroxyl,  OH,  which,  in  its  rela- 
tions to  other  bodies,  is  analogous  to  chlorine,  bromine,  and  iodine,  and 
may  be  substituted  in  combination  for  one  atom  of  hydrogen  or  other 
monads.  Thus,  water  itself  may  be  regarded  as  H.OH,  analogous  to  hy- 
drochloric acid,  HCl ;  potassium  hydroxide  as  K.OH,  analogous  to  potas- 
sium chloride ;  barium  hydroxide  as  Ba'^(OH),,  analogous  to  barium 
chloride,  Ba"Cl,. 

In  a  similar  manner,  the  univalent  radicle,  potassoxyl,  EO,  may  be 
derived  from  potassium  hydroxide;  the  bivalent  radicle,  zincoxyl, 
ZnOj,  by  abstraction  of  H,  from  zinc  hydroxide,  Zn"H,0,.  The  essential 
character  of  these  oxygenated  radicles  is  that  each  of  the  oxygen-atoms 
oontained  in  them  is  united  to  the  other  atoms  by  one  unit  of  equivalency 
only,  so  that  the  radiole  has  necessarily  one  or  two  units  unconnected ; 
thus — 

Hydroxyl H-^0— 

Potassoxyl K — 0 — 

Zincoxyl      ....         — 0 — ^Zn — 0 — 

From  the  preceding  explanations  of  the  mode  of  derivation  of  compound 
radicles,  it  is  clear  that  there  is  no  limit  to  the  number  of  them  which 
may  be  supposed  to  exist ;  in  fact,  it  is  only  necessary  to  suppose  a  num- 
ber of  units  of  equivalency  abstracted  from  any  saturated  molecule,  in 
order  to  obtain  a  radicle  of  corresponding  combining  power  or  equivalent 
value.    But  unless  a  radicle  can  be  supposed  to  enter  into  a  considerable 


r 
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namber  of  oomponnds,  thus  forming  them  into  a  gronp,  like  the  salts  of 
the  same  metal,  there  is  nothing  gained  in  point  of  simplicity  or  compre- 
hensiveness by  assuming  its  existence. 

It  must  also  be  distinctly  understood  that  these  compound  radicles  do 
not  necessarily  exist  in  the  separate  state,  and  that  those  of  uneven 
equivalency,  like  methyl,  cannot  exist  in  that  state,  their  molecules,  if 
liberated  from  combination  with  others,  always  doubling  themselves,  as 
we  have  seen  to  be  the  case  with  most  of  the  elementary  bodies.  Thus 
hydroxyl  — O^H  is  not  known  in  the  free  state,  the  actually  existing 
compound  containing  the  same  proportions  of  hydrogen  and  oxygen  being 
0,H^  or  H — ^O — O — U.  In  like  manner,  methyl,  CH,,  has  no  separate  ex- 
istence, but  dimethyl,  CjH^  is  a  known  compound  : — 


MeteyL 
CH, 
I 


liimethyl. 
CH. 

I 
CH, 


Relations  between  Atomio  Weight  and  Qnantivalenoe. — A 

very  remarkable  relation  has  been  shown  to  exist  between  the  quantiva- 
lence  of  the  elements  and  the  numerical  order  of  their  atomic  weights. 
Arranging  the  elements  ii^  vertical  columns  according  to  this  order,  as  in 
the  following  table,  we  find  that,  with  the  exception  of  certain  metals  be- 
longing to  the  iron  and  platinum  groups,  they  all  arrange  themselves  in 
such  a  manner,  that  the  first  horizontal  line  is  occupied  by  the  monad 
elements,  the  second  by  the  dyads,  the  third  by  the  triads,  etc.,  as  indi- 
cated by  the  composition  of  the  chlorides  in  the  last  column  of  the  table, 
where  R  denotes  a  metal  or  hydrogen.  Hydrogen  itself  stands  alone,  there 
being  no  known  element  intermediate  between  it  and  the  monad  metal 
lithium.  This  relation  of  the  elementary  bodies,  which  is  called  the 
'Aperiodic  law,^'  was  first  pointed  out  by  Newlands  in  1864,  and  after- 
wards developed  by  Odllng  and  Mendelejeff. 

Arrangement  of  Elements  in  the  order  of  their  Atomic  Weights. 


HI 


Li 

7 

Be 

0.4 

B 

11 

O 

12 

X 

14 

o 

16 

K 

19 

Na33 
Mg2( 

Al  27 


SI 

P 

S 


28 

31 
82 


K 
Ca 

Tl' 

V 

Or 


Ol  35.6  Mn 


30  Cu 
40  Zn 

o» 

48 

61  Ab 

62  Se 
66  Br 


68 
(>6 


Kb 
Sr 


J 


68  Y 
Zr 


76 

78 
80 


Fe  661 

Go  60 

Ni  60 

Cu  63 


Nb 
Mo 


86' Agios 
87  Cd  112 
88, In  113 
00  Sn  118 
04  Sb  ]-->2 
06  Te  126! 
I     127 


I  Ob 
Ba 
Dl 
Oe 


133 
137 
188 
140  La  180  Pb  207 


AulOO 
Hg200 
Eb  178  Tl   204 


Ru  104 
Bh  104 
Pd  106 


Ta 
W 


182 
18t 


Ob  106 
Ir  107 
Ft   108 


Bi  210 


Th  231 
U*'240 


ROl 

KOI, 

ROl, 

ROL 

ROlfi 

R01« 

ROIt 


Of  the  elements  in  the  first  row,  lithium,  sodium,  potassium,  rubidium, 

silver,  and  ciesium  are  shown  to  be  monadic  or  univalent,  by  their  combi- 

Na 
nations  with  chlorine  and  oxygen,  e.  g.,  NaCl  and  jjI^O.     Copper  may  be 

regarded  as  univalent  in  one  series  of  its  compounds,  viz.,  the  cuprous 
compounds,  as  in  the  chloride  CuCl  and  the  oxide  CugO,  though  in  its 
most  stable  compounds  it  is  bivalent,  and  appears  to  be  more  nearly  related 
to  the  metals  of  the  iron  group.  The  place  of  gold  in  the  series  is  some- 
what exceptional,  since,  though  univalent  in  the  aureus  compounds,  as 
AaCl,  it  is  trivalent  in  the  more  stable  auric  compounds,  as  AuClj. 
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The  elements  in  the  second  row  are  all  dyads,  with  the  exception,  per- 
haps, of  beryllium,  which  has  some  analogies  to  the  triads. 

Of  the  elements  in  the  third  row,  boron,  gallium,  indium,  and  thallium 
are  undoubtedly  triads.  Aluminium  forms  a  trichloride,  AlCl,,  and  a 
corresponding  oxide,  Al^O,,  also  a  volatile  methyl-compound,  A1(CH3)3, 
the  vapor-density  of  which  indicates  that  the  molecule,  as  represented  by 
this  formula,  has  the  normal  2-volume  condensation  (p.  230).  It  is  true 
that  the  chloride,  which  is  also  volatile,  exhibits  a  vapor-density  agreeing 
rather  with  the  doubled  formula,  A1,CI^,  which  would  indicate  that  alu- 

AlCl, 
minium  is  a  tetrad,  the  chloride  having  the  constitution    |         ;   but  this 

AlClj 
chloride  boils  at  a  very  high  temperature,  and  it  lb  therefore  probable  that 
the  temperature  at  which  its  vapor-density  was  actually  taken  was  not 
sufficiently  raised  above  the  boiling  point  to  bring  the  compound  into  the 
state  of  a  perfect  gas  (p.  230). 

Yttrium,  didymium,  and  erbium  are  usually  regarded  as  dyads  ;  indeed 
their  atomic  weights,  as  determined  by  experiment,  are  not  those  given  in 
the  preceding  table.  Mendelejeff,  however,  from  certain  considerations 
which  will  be  noticed  hereafter,  proposes  to  regard  them  as  triads,  and  to 
alter  their  atomic  weights  accordingly.  The  matter  is,  for  the  present, 
altogether  doubtful,  though  perhaps,  on  the  \whole,  the  balance  of  argu- 
ment is  against  MendelejeflTs  suggestion. 

The  elements  in  the  fourth  row  are  undoubtedly  tctradic,  with  the 
exception  of  lanthanum,  which  is  more  generally  regarded  as  a  dyad. 

Of  the  elements  in  the  fifth  row,  phosphorus,  antimony,  niobium,  and 
tantalum  form  pentachlorides.  Nitrogen  is  quinquivalent  in  the  ammo- 
nium compounds,  as  in  the  chloride  NH^Cl.  Vanadium,  arsenic,  and  bis- 
muth do  not  combine  with  more  than  3  atoms  of  chlorine,  bromine,  or 
iodine ;  but  bismuth  forms  an  oxychloride,  BiOCij  or  OssBiCl,,  in  which 
it  is  quinquivalent,  and  vanadium  forms  the  analogous  compound,  VOClg. 
Arsenic  does  not  form  a  similar  oxychloride  ;  but  its  highest  oxide,  As^O,, 
is  the  exact  analogue  of  phosphoric  oxide,  P^Og,  and  vanadic  oxide,  VgO«, 
and  forms  a  series  of  salts,  the  arsenates,  which  are  isomorphous  witn 
the  phosphates  and  vanadates.  £or  these  reasons,  arsenic  is  likewise  re- 
garded as  a  pentad. 

Among  the  elements  in  the  sixth  row,  chromium  forms  a  hexfluoride  and 
tungsten  a  hexchloride  ;  uranium  forms  an  oxychloride,  UO^Cl,,  and  a  tri- 
oxide,  UOg.  Sulphur,  selenium,  and  tellurium,  so  far  as  regards  their 
hydrogen  compounds,  U,S,  etc.,  are  dyads  ;  but,  with  regard  to  their  com- 
binations with  chlorine,  they  are  tetrads,  and  sulphur  is  known  to  form 
certain  organic  compounds  in  which  it  is  tetradic,  and  others  in  which  it 
is  hexadic*  Moreover,  the  chemical  relations  of  the  sulphates  are  much 
more  dearly  represented  by  formulie  in  which  sulphur  is  supposed  to  be 
hexadio,  like  that  given  for  sulphuric  acid  on  p.  233,  than  by  formulae  into 
which  it  enters  as  a  dyad,  such  as  H — 0 — 0 — S — O — 0 — H,  inasmuch  as 
compounds  in  which  dyadic  elements  are  linked  together  in  one  row,  are, 
for  the  most  part,  very  unstable,  like  the  higher  oxides  and  sulphides  of 
I>otassium  (p.  237).  These  three  elements  are  therefore  best  regarded 
as  hexads,  though  they  sometimes  enter  into  combination  as  tetrads,  and 
very  frequently  as  dyads. 

Oxygen,  in  its  combinations  with  hydrogen,  and  with  most  of  the  metals, 

•  Sulphur  triethlodide,  8i*  J  ^^«]^)» 


(0\  „ 

Sulphur  diethene-dibromide,  S^^  {  (^^H*)" 
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undoubtedly  acts  as  a  djad  ;  but  it  appears  also  to  be  capable  of  higher 
degrees  of  combination  ;  with  silver,  for  example,  it  forms  the  two  oxides, 
AgjO  and  Ag^O,  in  the  latter  of  which  it  is  tetradic ;  and,  from  its  close 
analogies  to  sulphur,  and  the  place  of  its  atomic  weight  in  the  series,  it 
may  be  classed  with  the  hexads. 

Of  the  elements  in  the  seventh  row,  manganese  appears  to  form  a  hep- 
tachloride,  MnCl.,  though  the  composition  of  this  chloride  has  not  perhaps 
been  very  distinctly  made  out ;  but  in  the  permanganates  the  metal  ap- 
pears to  be  decidedly  heptadic  ;  the  potassium  salt,  £Mn04,  for  example, 
may  be  represented  by  the  structural  formula  : 

0 

II 
0=Mn— 0— K 


ii 


The  perchlorates,  e.  g,y  ECIO4,  are  similar  to  the  permanganates  in  compo- 
sition and  in  crystalline  form,  and  may  therefore  be  supposed  to  have  a 
similar  constitution,  the  chlorine  in  them  being  septivalent ;  in  fact,  the 
four  oxy-acids  of  chlorine  form  a  regular  series  in  which  the  quantivalence 
of  the  chlorine  varies  by  two  unites  from  1  to  7 ;  thus — 

O  O 

II  II 

a— o— H      o=a— o— H     0=01— o—H     o=ci— o— h 

II 

o 

Hypochlorous.  Ohlorous.  Ohlorio.  Perchloric. 

Iodic  acid,  IO3H,  and  periodic  add,  IO4H,  are  exactly  similar  in  consti- 
tution to  chloric  and  perchloric  acids,  and  the  corresponding  oxides  or 
anhydrides  I2O5,  IjO,  are  likewise  known  (p.  187)  :  hence,  iodine  also  may 
be  regarded  as  a  heptad.  Bromic  acid,  6rO,H,  is  similar  to  chloric  acid, 
but  perbromic  acid  has  not  yet  been  obtained  ;  and  of  fluorine  no  oxygen- 
compound  is  known  ;  but  from  the  close  analogy  in  the  reactions  of  these 
four  elements,  CI,  Br,  I,  and  F,  and  the  manner  in  which  they  replace  one 
another  in  combination,  there  can  be  no  doubt  that  they  belong  to  the 
same  group.  In  their  combinations  with  hydrogen,  and  in  the  reactions 
in  which  they  replace  hydrogen  and  one  another  in  combination,  they  in- 
variably act  as  monads,  the  substitution  taking  place  atom  for  atom. 

Lastly,  with  regard  to  the  elements  (all  metallic)  which  cannot  be  in- 
cluded in  either  of  the  seven  horizontal  series  above  considered.  The 
atomic  weights  of  three  of  these  metals,  viz.,  iron,  cobalt,  and  nickel,  have 
values  between  those  of  manganese  and  copper ;  and  of  the  other  six, 
called  platinum  metals,  three,  viz.,  ruthenium,  rhodium,  and  palla- 
dium, have  atomic  weights  intermediate  between  those  of  molybdenum 
(96)  and  silver  (108)  ;  and  the  other  three,  viz.,  osmium,  iridium,  and 
platinum,  are  in  like  manner  intermediate  between  tungsten  (184)  and 
gold  (199). 

These  intermediate  elements,  Fe,  Co,  Ni,  Ru,  R>i,  Pd,  Os,  Ir,  Pt,  consti- 
tute a  group  of  themselves  (the  eighth),  some  of  the  members  of  which, 
via.,  Ru  and  Os,  form  tetroxides  (analogous  to  octochlorides),  and  may 
therefore  be  regarded  as  octads.  None  of  them,  however,  form  chlorides 
containing  more  than  4  atoms  of  chlorine  to  one  atom  of  metal. 

The  blank  spaces  in  the  preceding  table  indicate  the  places  of  elements 
which  probably  exist,  but  have  not  yet  been  actually  discovered.  An  an- 
ticipated discovery  of  this  kind  has,  however,  been  actually  realized. 
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When  the  table  was  drawn  np,  a  blank  in  the  place  now  oocapied  by  gal- 
lium indicated  the  probable  existence  of  a  trivalent  element  intermediate 
in  atomic  weight  between  zinc  and  arsenic.  This  element  was  provision- 
ally designated  ekaluminium  by  Mendelejeff,  who  predicted,  from  its  position 
in  the  series,  what  its  chief  properties  ought  to  be.  The  discovery  of 
gallium,  with  the  atomic  weight  68,  has  verified  this  prediction. 


CRYSTALLIZATION  ;    CBTSTALLINE  FOBX. 

Almost  every  substance,  simple  or  oom];>ound,  capable  of  existing  in  the 
solid  state,  assumes,  under  favorable  circumstances,  a  distinct  geometrical 
figure,  usually  bounded  by  plane  surfaces,  and  having  angles  of  constant 
value.  The  faculty  of  crystallization  seems  to  be  denied  only  to  a  few 
bodies,  chiefly  highly  complex  organic  principles,  which  stand,  as  it  were, 
upon  the  very  verge  of  organization,  and  which,  when  in  the  solid  state, 
are  frequently  characterized  by  a  kind  of  beady  or  globular  appearance, 
well  known  to  microscopical  observers. 

The  most  beautiful  examples  of  crystallization  are  to  be  found  among 
natural  minerals,  the  results  of  exceedingly  slow  changes  constantly  oc- 
curring within  the  earth.  It  is  invariably  found  that  artificial  crystals  of 
salts,  and  other  soluble  substances  which  have  been  slowly  and  quietly 
deposited,  surpass  in  size  and  regularity  those  of  more  rapid  formation. 

Solution  in  water  or  some  other  liquid  is  a  very  frequent  method  of  ef- 
fecting crystallization.  If  the  substance  be  more  soluble  at  a  high  than 
at  a  low  temperature,  then  a  hot  and  saturated  solution  left  to  cool  slowly 
will  generally  be  found  to  furnish  crystals :  this  is  a  very  common  case 
with  salts  and  various  organic  principles.  If  it  be  equally  soluble,  or 
nearly  so,  at  all  temperatures,  then  slow  spontaneous  evaporation  in  the 
air,  or  over  a  surface  of  oil  of  vitriol,  often  proves  very  etfective. 

Fusion  and  slow  cooling  may  be  employed  in  many  cases  :  that  of  sulphur 
is  a  good  example :  the  metals,  when  thus  treated,  usually  afibrd  traces  of 
crystalline  figure,  which  sometimes  become  very  beautiful  and  distinct,  as 
with  bismuth.  A  third  condition  under  which  crystals  very  often  form  is 
in  passing  from  the  gaseous  to  the  solid  state,  of  which  iodine  affords  a  good 
instance.  When  by  any  of  these  means  time  is  allowed  for  the  symme- 
trical arrangement  of  the  particles  of  matter  at  the  moment  of  solidifica- 
tion, crystals  are  produced. 

That  crystals  owe  their  figure  to  a  certain  regularity  of  internal  struc- 
ture is  shown  both  by  their  mode  of  formation  and  also  by  the  peculiari- 
ties attending  their  fracture.  A  crystal  placed  in  a  slowly  evaporating 
saturated  solution  of  the  same  substance,  grows  or  increases  by  a  continued 
deposition  of  fresh  matter  upon  its  sides,  in  such  a  manner  that  the  angles 
formed  by  the  meeting  of  the  latter  remain  unaltered. 

The  tendency  of  most  crystals  to  split  in  particular  directions,  called  by 
mineralogists  cleavage,  is  a  certain  indication  of  regular  structure,  while 
the  optical  properties  of  many  among  them,  and  their  mode  of  expansion 
by  heat,  point  to  the  same  conclusion. 

It  may  be  laid  down  as  a  general  rule  that  every  substance  has  its  own 
crystalline  form,  by  which  it  may  very  frequently  be  recognized  at  ono^— 
not  that  each  substance  has  a  different  figure,  although  very  great  diver- 
sity in  this  respect  is  to  be  found.  Some  forms  are  much  more  common 
than  others,  as  the  cube  and  six-sided  prism,  which  are  very  frequently 
assumed  by  a  number  of  bodies  not  in  any  way  related. 

The  same  substance  may  assume,  under  different  sets  of  circumstances, 
as  at  high  and  low  temperatures,  two  different  crystalline  forms,  in  which 
case  it  is  said  to  be  dimorphous.     Sulphur  and  carbon  furnish,  as  already 
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noticed,  examples  of  this  carious  fact ;  another  case  is  presented  bj  calcium 
carbonate  in  the  two  modifications  of  calc  spar  and  arragonite,  both  chemi- 
cally the  same,  but  physically  ditTerent.  A  fourth  example  might  be  given 
in  mercurio  iodide,  which  also  has  two  distinct  forms,  and  even  two  dis> 
tinct  colors,  offering  as  great  a  contrast  as  those  of  diamond  and  graphite. 

Cry stallo graphic  SystemB. — When  a  crystal  of  simple  form 
is  attentively  considered,  it  becomes  evident  that  certain  directions  can  be 
pointed  out  in  which  straight  lines  may  be  imagined  to  be  drawn,  passing 
through  the  central  point  of  the  crystal  from  side  to  side,  from  end  to  end, 
or  from  one  angle  to  that  opposed  to  it,  etc.,  about  which  lines  the  particles 
of  matter  composing  the  crystal  may  be  conceived  to  be  symmetrically  built 
up.  Such  lines,  or  ores,  are  not  always  purely  imaginary,  however,  as 
may  be  inferred  from  the  remarkable  optical  properties  of  many  crystals  : 
upon  their  number,  relative  lengths,  position,  and  inclination  to  each  other, 
depends  the  outward  figure  of  the  crystal  itself. 

All  crystalline  forms  may  upon  this  plan  be  arranged  in  six  classes  or 
systems ;  these  are  the  following. 

1.  The  monometric,  regular,  or  cubic  system  (fig.  130).— The 
crystals  of  this  division  have  three  equal  axes,  all  placed  at  right  angles 
to  each  other.  The  most  important  forms  are  the  cube  (1),  the  regular  odo- 
hetlron  (2),  and  the  rhombic  dodecahedron  (3). 

The  letters  a^—ay  b — 6,  o— c  (fig.  130)  show  the  termination  of  the  three 
axes,  placed  as  stated. 
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Yery  many  substances,  both  simple  and  compound,  assume  these  forms, 
as  most  of  the  metals,  carbon  in  the  state  of  diamond,  common  salt,  potas- 
sium iodide,  the  alums,  fluor-spar,  iron  bisulphide,  garnet,  spinelle,  etc. 

Fig.  181. 
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2.  The  dimetrlo,  quadratic,  square  prismatic,  or  pyramidal  sys- 
tem.— The  crystals  of  this  system  (fig.  131)  are  also  symmetrical  about 
three  axes  at  right  angles  to  each  other.    Of  these,  however,  two  only  are 
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of  equal  length,  the  third,  c — c,  being  longer  or  shorter.  The  most  im- 
portant forms  are,  the  right  square  prism  (1),  and  the  right  square-based  octa- 
hedron (2). 

Examples  of  these  forms  are  to  be  found  in  zircon,  native  stannic  oxide, 
apophyliite,  jellow  potassium  ferrocyanide,  etc. 

3.  The  rhombohedral  system  (flg.  132). — ^This  is  rery  important 
and  extensive  ;  it  may  be  characterized  by /our  axes,*  three  of  which  are 
equal,  in  the  same  plane,  and  inclined  to  each  other  at  angles  of  6(P,  while 
the  fourth  or  principal  axis  is  perpendicular  to  them  all.  The  principal 
forms  are, — the  regular  six-sided  prism  (1),  the  regular  double  six-sided  pyra- 
mid (2),  the  rhombohedron  (4),  and  the  soalenohedron  (5),  a  figure  bounded 
by  twelve  scalene  triangles. 

Examples  are  found  in  ice,  calcspar,  sodium  nitrate,  beryl,  quartz  or 
rock-crystal,  and  the  semi-metals,  arsenic,  antimony,  and  tellurium. 

A  combination  of  the  regular  six-sided  prism  and  double  six-sided  pyra- 
mid (3)  is  a  common  form  of  quartz. 

Fig.  132. 


4.  The  trimetric,  rhombic,  or  right  prlsmatio  system. — ^Tliis  is 
characterized  by  three  axes  of  unequal  lengths,  placcMi  at  right  angles  to 
each  other,  as  in  the  right  rectangular  prism,  the  right  rhombic  prism^  the  right 
rectangular-based  octohedron,  and  the  right  rhombic-based  octohearon. 

Fig.  183. 


The  bases  of  these  forms  are  represented  in  fig.  133  (1  and  2).     Let 
the  reader  imagine  a  straight  line  passing  through  the  centre  of  each  of 

♦  ThlB  r«»fer«»nce  to  four  axes  ig  a  mere  mntter  of  convenleoces  three  Axca  are 
■uf&cient  for  the  determinatioa  of  any  eolid  figure  whatever. 
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these  figures,  perpendicular  to  the  plane  of  the  paper  ;  this  wiU  represent 
the  vertical  axis.  The  octohedrou  will  he  formed  by  joining  the  ends  of 
this  vertical  line  with  the  angles  of  the  bases,  and  the  prisms  by  vertical 
planes  passing  through  the  sides  of  the  base,  and  terminated  by  horizontal 
planes  passing  through  the  extremities  of  the  vertical  axis.  The  perspec- 
tive forms  of  these  trlmetric  prisms  and  ootohedrous  are  similar  to  those  of 
the  dimetric  system  (iig.  131). 

The  system  is  exempMed  in  sulphur  crystallized  at  a  low  temperature, 
arsenical  iron  pyrites,  potassium  nitrate  and  sulphate,  barium  sul- 
phate, etc. 

5.  The  monoolinic  or  obliqne  prlsmatio  Bystem. — Crystals  belong- 
ing to  this  group  have  also  three  axes,  which  may  be  all  unequal ;  two  of 
these  (the  secondary)  are  placed  at  right  angles,  the  third  being  so  inclined 
as  to  be  oblique  to  one  and  perpendicular  to  the  other.  To  this  system  may 
be  referred  the  four  following  forms :  The  oblique  rectangtUar  prisma  the  oblique 
rhombic  prisma  the  oblique  rectangular-bfised  octohedron^  the  obltque  rhombic-based 
octfAedroH. 

The  bases  of  these  monoolinic  forms  are  identical  in  form  with  those  of 
the  trlmetric  system,  fig.  133  (1)  and  (2).  The  principal  axis  may  be  re- 
presented by  a  line  passing  through  the  plane  of  the  paper  at  the  middle 
point,  perpendicular  to  a  a,  and  oblique  tobb.  The  perspective  forms  are 
shown  in  fig.  134* 

Fig.  134. 


Such  forms  are  taken  by  sulphur  crystallized  by  fusion  and  cooling,  by 
realgar,  sulphate,  carbonate  and  phosphate  of  sodium,  borax,  green  vitriol, 
and  many  other  salts. 

6.  The  trlollnio,  anorthio,  or  doubly  obliqne  prismatic  syetem. 

—The  crystalline  forms  comprehended  in  this  division  are,  from  their  great 
apparent  irregularity,  exceedingly  difficult  to  study  and  understand.  In 
them  are  traced  three  axes,  which  may  be  all  unequal  in  length,  and  are 
all  obltque  to  each  other,  as  in  the  doubly-oblique  prism,  and  in  the  doubly^ 
oblique  octohednm*  The  perspective  forms  are  similar  to  those  of  the  mono- 
clinic  system. 

Copper  sulphate,  bismuth  nitrate,  and  potassium  quadroxalate  afiford 
illustrations  of  these  forms. 

Primary  arid  Secondary  Forms, — If  a  crystal  increase  in  magnitude  by  equal 
additions  on  every  part,  it  is  quite  clear  that  its  figure  must  remain  un- 
altered ;  but  if,  from  some  cause,  this  increase  should  be  partial,  the 
newly  deposited  matter  being  distributed  unequally,  but  still  in  obedience 
to  certain  definite  laws,  then  alterations  of  form  are  produced,  giving  rise 
to  figures  which  have  a  direct  geometrical  connection  with  that  from  which 
they  are  derived.  If,  for  example,  in  the  cube,  a  regular  omission  of  suc- 
ceRsivo  rows  of  particles  of  matter  in  a  certain  order  be  made  at  each  solid 
angle,  while  the  cryst«il  continues  to  increase  elsewhere,  the  result  will  be 

21* 
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the  production  of  small  triangular  planes,  which,  as  the  process  advances, 
gradually  usurp  the  whole  of  the  surface  of  the  crystal,  and  convert  tlie 
cuhe  into  an  octohedron.  The  new  planes  are  called  secondary,  and  their 
production  is  said  to  take  place  by  regular  decrements  upon  the  solid  angles. 
The  same  thing  may  happen  on  the  edges  of  the  cul>e ;  a  new  figure,  the 

Fig.  136. 


Passage  of  cube  to  ootohedron. 

rhombic  dodecahedron,  is  then  generated.  The  modifications  which  can 
thus  be  produced  of  the  original  or  primary  figure  (all  of  which  are  subject 
to  exact  geometrical  laws)  are  very  numerous.  Several  distinct  modifica- 
tions may  be  present  at  the  same  time,  and  thus  render  the  form  exceed- 
ingly oomplex. 

Crystals  often  cleave  parallel  to  all  the  planes  of  the  primary  figure,  as 
in  calcspar,  which  off'ers  a  good  illustration  of  this  perfect  cleavage. 
Sometimes  one  or  two  of  tliese  planes  have  a  kind  of  preference  over  the 
ri^t  in  this  respect,  the  crystal  splitting  readily  in  these  directions  only. 

A  very  curious  modification  of  the  figure  sometimes  occurs  by  the  exces- 
sive growth  of  each  alternate  plane  of  the  crystal ;  the  rest  become  at 

Fig.  180. 


PitssAge  of  octohedron  to  tetrahedron. 

length  obliterated,  and  the  crystal  assumes  the  character  called  hendhedral 
or  half-sided.  This  is  well  seen  in  the  producilon  of  the  tetrahedron  from 
the  regular  octohedron  (fig.  136),  and  of  the  rhombohedric  form  by  a 
similar  change  from  the  double  six-sided  pyramid  (fig.  132,  2). 

Forms  belonging  to  the  same  crystallographic  system  are  related  to  each 
other  by  several  natural  affinities. 

1.  It  is  only  the  simple  forms  of  the  same  system  that  can  combine  into  a  com- 
plex  form.^^VoT  in  all  fully  developed  (holohedral)  natural  crystals,  it  is 
found  that  all  the  similar  parts,  if  modified  at  all,  are  modifit^l  in  an  ex- 
actly similar  manner  (in  hemihedral  forms,  half  the  similar  edges  and 
angles  alternately  situated  are  similarly  modified).  Now  this  can  be  the 
case  only  when  the  dominant  form  and  the  modifying  form  are  developed 
according  to  the  same  law  of  symmetry.  Thus,  if  a  cube  and  a  regular 
octohedron  are  developed  round  the  same  system  of  axes,  each  summit  of 
the  cube  is  cut  off  to  the  same  extent  by  a  face  of  the  ootohedron,  or  vice 
versd.  But  a  cube  could  never  combine  in  this  manner  with  a  rhombic 
octohedron,  because  it  would  be  impossible  to  place  the  two  forms  in  such 
a  manner  that  similar  part6  of  the  one  should  throughout  replace  similar 
p4rt8  of  the  other. 
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The  crystals  of  eaoh  system  are  thus  subject  to  a  peculiar  and  distinct 
set  of  modifications^  the  observation  of  which  very  frequently  constitutes 
an  excellent  guide  to  the  discovery  of  the  primary  form  itself. 

2.  Crystals  belonging  to  the  same  system  are  intimately  related  in  their  optical 
properties,  —  Crystals  belonging  to  the  regular  system  (as  the  diamond, 
alum,  rock-salt,  etc.)  refract  light  in  the  same  manner  as  uncry stall i zed 
bodies  ;  that  is  to  say,  they  have  but  one  refractive  index,  and  a  ray  of 
light  passing  through  them  in  any  direction  is  refracted  singly.  But  all 
other  crystaJfl  refract  doubly,  that  is  to  say,  a  ray  of  light  passing  through 
them  (except  in  certain  directions)  is  split  into  two  rays,  the  one  called 
the  ordinary  ray,  being  refracted  as  it  would  be  by  an  amorphous  body, 
the  other,  called  the  extraordittary  ray,  being  refracted  according  to  pecu- 
liar and  more  complex  laws  (see  Light).  Now,  the  crystals  of  the 
dimetric  and  hexagonal  systems  resemble  each  other  in  this  re- 
spect, that  in  all  of  them  there  is  one  direction,  called  the  optic  axis,  or 
axis  of  double  refraction  (coinciding  with  the  principal  orystallographio 
axis),  along  which  a  ray  of  light  is  refracted  singly,  while  in  all  other 
directions  it  is  refracted  doubly ;  whereas,  in  crystals  belonging  to  tlie 
other  systems,  viz.,  the  trimetric  and  the  two  oblique  systems,  there  are 
always  two  directions  or  axes,  along  which  a  ray  is  singly  refracted. 

3.  Crystals  hdonging  to  the  same  system  resemble  each  other  in  their  mode  of 
conducting  Aeo/.— Amorphous  bodies  and  crystals  of  the  regular  system 
conduct  heat  equally  in  all  directions,  so  that,  supposing  a  centre  of  heat 
to  exist  within  such  a  body,  the  isothermal  surfaces  will  be  spheres.  But 
crystals  of  the  dimetric  and  hexagonal  systems  conduct  equally  only  in 
directions  perpendicular  to  the  principal  axis,  so  that  in  such  crystals 
the  isothermal  surfaces  are  ellipsoids  of  revolution  round  that  axis  ;  and 
crystals  belonging  to  either  of  the  three  other  systems  conduct  unequally 
in  all  directions,  so  that  in  them  the  isothermal  surfaces  are  ellipsoids 
with  three  unequal  axes. 

Relations  of  Form  and  Constitution;  Isomorphism. 

Certain  substances,  to  which  a  similar  chemical  constitution  is  ascribed, 
possess  the  remarkable  property  of  exactly  replacing  each  other  in  crys- 
tallized compounds,  without  alteration  of  the  characteristic  geometrical 
figure.     Such  bodies  are  said  to  be  isomorphous.* 

For  example,  magnesia,  zinc  oxide,  cupric  oxide,  ferrous  oxide,  and 
nickel  oxide,  are  allied  by  isomorphic  relations  of  the  most  intimate  na- 
ture. The  salts  formed  by  these  substances  with  the  same  acid  and  simi- 
lar proportions  of  water  of  crystallization,  are  identical  in  their  form,  and, 
when  of  the  same  color,  cannot  be  distinguished  by  the  eye  :  the  sulphates 
of  magnesium  and  zinc  may  be  thus  confounded.  These  sulphates,  too, 
all  combine  with  potassium  sulphate  and  ammonia  sulphate,  giving  rise 
to  double  salts,  whose  figure  is  the  same,  but  quite  difi'erent  from  that  of 
the  simple  sulphates.  Indeed  this  connection  between  identity  of  form 
and  parallelism  of  constitution  runs  through  all  their  combinations. 

In  the  same  manner  alumina  and  iron  sesquioxide  replace  each  other 
continually  without  change  of  crystalline  figure :  the  same  remark  may 
be  made  of  the  oxides  of  potassium,  sodium,  ammonium.  The  alumina 
in  common  alum  may  be  replaced  by  iron  sesquioxide,  the  potash  by  am- 
monia or  by  soda,  and  still  the  figure  of  the  crystal  remains  unchanged. 
These  replacements  may  be  partial  only  :  we  may  have  an  alum  containing 
both  potash  and  ammonia,  or  alumina  and  chromium  sesquioxide.  By 
artificial  management — ^namely,  by  transferring  the  crystal  successively  to 

♦  From  /ff-of,  equAl,  and  /^ti^*,  ghnpe  or  form. 
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dilTerent  solutions — ^we  may  have  these  isomorphoos  and  mutually  replac- 
ing compounds  distributed  in  different  layers  upon  the  same  crystal. 

For  these  reasons  mixtures  of  isomorphous  salts  can  never  be  separated 
by  crystallization,  unless  their  difference  of  solubility  is  very  great.  A 
mixed  solution  of  ferrous  sulphate  and  nickel  sulphate,  isomorphous  salts, 
yields  on  evaporation  crystals  containing  both  iron  and  nickel.  But  if 
before  evaporation  the  ferrous  salt  be  converted  into  ferric  salt,  by  chlorine 
or  other  means,  then  the  crystals  obtained  are  free  from  iron,  except  that 
of  the  mother-liquor  which  wets  them.  The  ferric  salt  is  no  longer  iso- 
morphous with  the  nickel  salt,  and  easily  separates  from  the  latter. 

Absolute  identity  of  value  in  the  angles  of  crystals  is  not  always  ex- 
hibited by  isomorphous  substances.  In  other  words,  small  variations 
often  occur  in  the  magnitude  of  the  angles  of  crystals  of  compounds  which 
in  all  other  respects  show  the  closest  isomorphic  relations.  This  should 
occasion  no  surprise,  as  there  are  reasons  why  such  variations  might  be 
expected,  the  chief  perhaps  being  the  unequal  effects  of  expansion  by 
heat,  by  which  the  angles  of  the  same  crystal  are  changed  by  alteration 
of  temperature.  A  good  example  is  found  in  the  case  of  the  carbonates  of 
calcium,  magnesium,  manganese,  iron,  and  zinc,  which  are  found  native 
crystallized  in  the  form  of  obtuse  rhombohedrons  (fig.  132,  4),  not  distin- 
guishable from  each  other  by  the  eye,  but  exhibiting  small  differences  in 
their  angles  when  accurately  measured.  These  compounds  are  isomor- 
phous, and  the  measurements  of  the  obtuse  angles  of  their  rhombohedrons 
are  as  follows  : — 

Calcium  carbonate 105O    5/ 

Magnesium     **  IO70  25' 

Manganous     **  IO70  20' 

Ferrous  "  107^ 

Zinc  "  1070  40' 

Anomalies  in  the  composition  of  various  earthy  minerals,  which  formerly 
threw  much  ol)scurity  upon  their  chemical  nature,  have  been  in  great 
measure  explained  by  these  discoveries.  Specimens  of  the  same  mineral 
from  different  localities  were  found  to  afford  very  discordant  results  on 
analysis.  But  the  proof  once  given  of  the  extent  to  which  substitution 
of  isomorphous  bodies  may  go,  without  destruction  of  what  may  be  called 
the  primitive  type  of  the  Gomx)ound,  these  difficulties  vanish. 

Decision  of  a  doubtful  point  respecting  the  constitution  of  a  compound 
may  sometimes  be  very  satisfactorily  made  by  reference  to  its  isomorphous 
relations,  as  in  the  case  of  alumina,  already  mentioned,  which  is  isomor- 
phous with  the  sesquioxide  of  iron  (p.  227). 

The  direct  determination  of  the  crystalline  forms  of  the  elementary 
bodies  is  often  difficult,  and  the  question  of  their  isomorphism  is  compli- 
cated by  the  frequent  dimorphism  which  they  exhibit,  but  when  com- 
pounds are  found  to  correspond  in  chemical  constitution  and  crystalline 
form,  it  may  sometimes  be  inferred  that  the  elements  composing  them  are 
likewise  isomorphous.  Thus,  the  metals  magnesium,  zinc,  iron,  and  cop- 
per are  presumed  to  be  isomorphous.  Arsenic  and  phosphorus  have  not 
the  same  crystalline  form  ;  nevertheless  they  are  said  to  be  isomorphous, 
because  arsenic  and  phosphoric  acids  give  rise  to  combinations  which  agree 
most  completely  in  figure  and  constitution.  Tlie  chlorides,  iodides,  bro- 
mides, and  fluorides  agree,  whenever  they  can  be  observed,  in  the  most 
p4'rfect  manner :  hence  the  elements  themselves  are  believed  to  be  isomor- 
phous. 

The  subjoined  table,  taken  with  slight  modification  from  Graham's 
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"Elements  of  Chemistry,'**  will  serve  to  convey  some  idea  of  the  most 
important  families  of  isomorphous  elements  : — 

Jbomorphous  Groups. 


0) 

(3) 

(6) 

Sulphur 

Barium 

Sodium 

Selenium 

Strontium 

Silver 

Tellurium. 

Lead. 

Thallium 
Gold 

(2) 

(4) 

Potassium 

Magnesium 

Platinum 

Armnonium. 

Calcium 

Iridium 

Manganese 

Osmium. 

(7) 

Iron 

Chlorine 

Cobalt 

(5) 

Iodine 

Nickel 

Tin 

Bromine 

Zinc 

Titanium 

Fluorine 

Cadmium 

Zirconium 

Cyanogen, 

Copper 

Tungsten 

Chromium 

Molybdenum 

(8) 

Aluminium 

Tantalum 

Phosphorus 

Glucinum. 

Kiobinm. 

Arsenic 
Antimony 
Bismuth 
Vanadium. 

A  oomparison  of  this  table  with  that  on  page  239  will  show  that  in  many 
instanc(»,  isomorphous  elements  exhibit  equal  quantivalence  or  combining 
capacity,  and  more  generally  that  the  isomorphous  groups  consist  wholly 
of  perissad  or  wholly  of  artiad  elements.  The  only  apparent  exception  to 
this  rule  is  afforded  by  tantalum  and  niobium,  which,  although  pentads, 
are  isomorphous  with  tin,  tungsten,  and  other  tetrad  and  hexad  elements. 

•  Second  edition,  vol.  i.  p.  176. 


250  CHEMICAL   AFFINITY. 


CHEMICAL  AFFINITY. 

The  term  Chemioal  Affinltj,  or  Chemical  Attraction,  ia  used  to  describe 
that  particular  power  or  force,  in  virtue  of  which,  union,  often  of  a  verj 
intimate  and  permanent  nature,  takes  place  between  two  or  more  bodies, 
in  such  a  way  as  to  give  rise  to  a  new  substance,  having,  for  the  most  part, 
properties  completely  in  discordance  with  those  of  its  components. 

The  attraction  thus  exerted  between  diflerent  kinds  of  matter  is  to  be 
distinguished  from  other  modifications  of  attractive  force  which  are  excrt4$d 
indiscriminately  between  all  descriptions  of  substances,  sometimes  at  enor- 
mous distances,  sometimes  at  intervals  quite  inappreciable.  Examples  of 
the  latter  are  to  be  seen  in  cases  of  what  is  called  cohesioiij  when  the  par- 
ticles of  solid  bodies  are  iuimovably  bound  together  into  a  mass.  Then 
there  are  other  effects  of,  if  possible,  a  still  more  obscure  kind ;  such  as  the 
various  actions  of  surface,  the  adhesion  of  certain  liquids  to  glass,  the 
repulsion  of  others,  the  ascent  of  water  in  narrow  tubes,  and  a  multitude 
of  uurious  phenomena  which  are  described  in  works  on  Physics,  under  the 
head  of  molecular  actions.  From  all  these,  true  chemical  attraction  may  be 
at  once  distinguished  by  the  deep  and  complete  change  of  characters  which 
follows  its  exertion :  we  might  indeed  define  affinity  to  be  a  force  by  which 
new  substances  are  generated. 

It  seems  to  be  a  general  law  that  bodies  most  opposed  to  each  other  in 
chemical  properties  evince  the  greatest  tendency  to  enter  into  combination ; 
and,  conversely,  bodies  between  which  strong  analogies  and  resemblance 
can  be  traced  manifest  a  much  smaller  amount  of  mutual  attraction.  For 
example,  hydrogen  and  the  metals  tend  very  strongly  indeed  to  combine 
with  oxygen,  chlorine,  and  iodine,  but  the  attraction  between  the  different 
members  of  these  two  groups  is  comparatively  feeble.  Sulphur  and  phos- 
phorus stand,  as  it  were,  midway :  they  combine  with  substances  of  one 
and  the  other  class,  their  properties  separating  them  sufficiently  from  both. 
Acids  are  drawn  towards  alkalies,  and  alkalies  towards  acids,  while  union 
among  themselves  rarely  if  ever  takes  place. 

Nevertheless,  chemical  combination  graduates  so  imperceptibly  into  mere 
mechanical  mixture,  that  it  is  often  impossible  to  mark  the  limit.  Solution 
is  tlie  result  of  a  weak  kind  of  affinity  existing  between  the  substance  dis- 
solved and  the  solvent — an  affinity  so  feeble  as  completely  to  lose  one  of 
its  most  prominent  features  when  in  a  more  exalted  condition — ^namely, 
power  of  causing  elevation  of  temperature ;  for  in  the  act  of  mere  solution, 
the  temperature  falls,  the  heat  of  combination  being  lost  and  overpowered 
by  the  effects  of  change  of  state. 

The  force  of  chemical  attraction  thus  varies  greatly  with  the  nature  of 
the  substances  between  which  it  is  exerted  ;  it  is  influenced,  moreover,  to 
a  very  large  extent,  by  external  or  adventitious  circumstances.  An  idea 
formerly  prevailed  that  the  relations  of  affinity  were  fixed  and  constant 
between  the  same  substances,  and  great  pains  were  taken  in  the  prepara- 
tion of  tables  exhibiting  what  was  called  the  precedence  of  affinities.  The 
order  pointed  out  in  these  lists  is  now  acknowledged  to  represent  the  order 
of  precedence ybr  the  circunutances  under  which  the  experiments  were  made, 
but  nothing  more ;  so  soon  as  these  circumstances  become  changed,  the 
order  is  disturbed.  The  ultimate  effect,  indeed,  is  not  the  result  of  the 
exercise  of  one  single  force,  but  rather  the  joint  effect  of  a  number,  so  com- 
plicated and  so  variable  in  intensity,  that,  in  the  greater  number  of  cases, 
it  is  not  possible  to  predict  tlie  consequences  of  a  yet  untried  experiment. 
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It  IV ill  be  proper  to  examine  shortly  some  of  these  extraneous  causes  to 
which  alluttion  has  been  made^  which  modify  to  so  great  an  extent  the 
direct  and  original  effects  of  the  specific  attractive  force. 

Alteration  of  temperature  may  be  reckoned  among  these.  When  metallic 
mercury  is  heated  nearly  to  its  boiling  point,  and  in  that  state  exposed  for 
a  long  time  to  the  air,  it  absorbs  oxygen,  and  becomes  converted  into  a 
dark-red  crystalline  powder.  This  very  same  substance,  when  raised  to  a 
still  higher  temperature,  separates  spontaneously  into  metallic  mercury 
and  oxygen  gas.  It  may  be  said,  and  probably  with  truth,  that  the  latter 
change  is  greatly  aided  by  the  tendency  of  the  metal  to  assume  the  vaporous 
state ;  but  precisely  the  same  fact  is  observed  with  another  metal,  pal- 
ladium, which  is  not  volatile,  excepting  at  extremely  high  temperatures, 
but  which  oxidizes  superficially  at  a  red  heat,  and  again  becomes  reduced 
when  the  temperature  rises  to  whiteness. 

Insolubility  and  the  power  of  vaporization  are,  perhaps,  beyond  all  other 
disturbing  causes,  the  most  potent ;  they  interfere  in  almost  every  reaction 
which  takes  place,  and  very  frequently  turn  the  scale  when  the  opposed 
forces  do  not  greatly  difler  in  energy.  It  is  easy  to  give  examples.  When 
a  solution  of  calcium  chloride  is  mixed  with  a  solution  of  ammonium  car- 
bonate, double  interchange  ensues,  calcium  carbonate  and  ammonium  chlo- 
ride being  generated  :  CaCl,  +  (NH^^C^O,  »  CaCOj  -f  2NH^C1.  Here  the 
action  can  be  shown  to  be  in  a  great  measure  determined  by  the  insolu- 
bility of  the  calcium  carbonate.  On  the  other  hand,  when  dry  calcium 
carbonate  is  powdered  and  mixed  with  ammonium  chloride,  and  the  wliole 
heated  in  a  retort,  a  sublimate  of  ammonium  carbonate  is  formed,  while 
calcium  chloride  remains  behind.  In  this  instance,  it  is  no  doubt  the  great 
volatility  of  the  new  ammoniacal  salt  which  chiefly  determines  the  kind  of 
decomposition. 

When  iron  filings  are  heated  to  redness  in  a  porcelain  tube,  and  vapor 
of  water  is  passed  over  them,  the  water  undergo^  decomposition  with  the 
utmost  facility,  hydrogen  being  rapidly  disengaged,  and  the  iron  converted 
into  oxide.  On  the  other  hand,  oxide  of  iron,  heated  in  a  tube  through 
which  a  stream  of  dry  hydrogen  is  passed,  suffers  almost  instantaneous 
reduction  to  the  metallic  state,  while  the  vapor  of  water,  carried  forward 
by  the  current  of  gas,  escapes  as  a  jet  of  steam  from  the  extremity  of  the 
tube.  In  these  experiments,  the  affinities  between  the  iron  and  oxygen 
and  the  hydrogen  and  oxygen  are  so  nearly  balanced,  that  the  difference 
of  atmosphere  is  sufficient  to  settle  the  point.  An  atmosphere  of  steam  offers 
little  resistance  to  the  escape  of  hydrogen ;  an  atmosphere  of  hydrogen 
bears  the  same  relation  to  steam  ;  and  this  apparently  trifling  difference 
of  circumstances  is  quite  enough  for  the  purpose. 

What  is  called  the  nascent  state  is  one  very  favorable  to  chemical  combi- 
nation. Thus,  nitrogen  refuses  to  combine  with  gaseous  hydrogen ;  yet, 
when  these  sub8tanc«3  are  simultaneously  liberated  from  some  previous 
combination,  they  unite  with  great  ease,  as  when  organic  matters  are  de- 
stroyed by  heat,  or  by  spontaneous  putrefactive  change. 

There  is  a  remarkable,  and,  at  the  same  time,  very  extensive  class  of 
actions,  grouped  together  under  the  general  title  of  cases  of  disposing  affinity. 
Metallic  silver  does  not  oxidize  at  any  temperature:  nay,  more,  its  oxide 
is  easily  decomposed  by  simple  heat ;  yet,  if  the  finely-divided  metal  be 
mixed  with  siliceous  matter  and  alkali,  and  ignited,  the  whole  fuses  to  a 
yellow  transparent  glass  of  silver  silicate.  Platinum  is  attacked  by  fused 
potassium  .hydrate,  hydrogen  being  probably  disengaged  while  the  metal 
is  oxidized  :  this  is  an  effect  which  never  happens  to  silver  under  the  same 
circumstances,  although  silver  is  a  much  more  oxidable  substance  than 
platinum.  The  fact  is,  that  potash  forms  with  the  oxide  of  the  last-named 
meial  a  kind  of  saline  compound,  in  which  the  platinum  oxide  acts  as  an 
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acid  ;  and  hence  its  formation  under  the  disposing  influence  of  the  powerful 
base. 

In  the  remarkable  decompoeitions  suffered  bj  various  organic  bodies 
when  heated  in  contact  with  caustic  alkali  or  lime,  we  have  other  examples 
of  the  same  fact.  Products  are  generated  which  are  never  formed  in  the 
absence  of  the  base ;  the  reaction  is  invariably  less  complicated,  and  its 
results  fewer  in  number  and  more  definite,  than  in  the  event  of  simple 
destruction  by  a  graduated  heat. 

There  is  yet  a  still  more  obscure  class  of  phenomena,  called  caiaiytic,  in 
which  effects  are  brought  about  by  the  mere  presence  of  a  substance  which 
itself  undergoes  no  perceptible  change  :  the  experiment  mentioned  in  the 
chapter  on  oxygen,  in  which  that  gas  is  obtained,  with  the  greatest  facility, 
by  heating  a  mixture  of  potassium  chlorate  and  manganese  dioxide,  is  a 
case  in  point.  The  salt  is  decomposed  at  a  very  far  lower  temperature  than 
would  otherwise  be  required,  and  yet  the  manganese  oxide  does  not  appear 
to  undergo  any  alteration,  being  found  after  the  experiment  in  the  same 
state  as  before.  It  may,  however,  undergo  a  temporary  alteration.  We 
know,  indeed,  that  this  oxide  when  in  contact  with  alkalies,  is  capable  of 
taking  up  an  additional  proportion  of  oxygen  and  forming  manganic  acid  ; 
and  it  is  quite  possible  that  in  the  reaction  just  considered  it  may  actually 
take  oxygen  from  the  potassium  chlorate,  and  pass  to  the  state  of  a  higher 
oxide,  which,  however,  is  immediately  decomposed,  the  additional  oxygen 
being  evolved,  and  the  dioxide  returning  to  its  original  state.  The  same 
effect  in  facilitating  the  decomposition  of  the  chlorate  is  produced  by  cupric 
oxide,  ferric  oxide,  and  lead  oxide,  all  of  which  are  known  to  be  suscep- 
tible of  higher  oxidation.  The  oxides  of  zinc  and  magnesium,  on  the  con- 
trary, which  do  not  form  higher  oxides,  are  not  found  to  facilitate  the 
decomposition  of  the  chlorate ;  neither  is  any  such  effect  produced  by 
mixing  the  salt  with  other  pulverulent  substances,  such  as  pounded  glass 
or  pure  silica. 

The  so-called  catalytic  actions  are  often  mixed  up  with  other  effects 
which  are  much  more  intelligible,  as  the  action  of  finely  divided  platinum 
on  certain  gaseous  mixtures,  in  which  the  solid  appears  to  condense  the 
gas  upon  its  greatly  extended  surface,  and  thereby  to  induce  combination 
by  bringing  the  particles  within  the  sphere  of  their  mutual  attractions. 

Influence  of  Pressure  on  Chemical  Action, — ^When  a  body  is  decomposed  by 
heat  in  a  confined  space,  and  one  or  more  of  the  separated  elements  (ulti- 
mate or  proximate)  is  gaseous,  the  decomposition  goes  on  until  the  libe- 
rated gas  or  vapor  has  attained  a  certain  tension,  greater  or  less  according 
to  the  temperature.  So  long  as  this  temperature  remains  constant,  no 
further  decomposition  takes  place,  neither  does  any  portion  of  the  sepa- 
rated elements  recombine :  but  if  the  temperature  be  raised,  decomposition 
recommences,  and  goes  on  till  the  liberated  gas  or  vapor  has  attained  a 
certain  higher  tension,  also  definite  for  that  particular  temperature  ;  if  on 
the  other  hand  the  temperature  be  lowered,  recomposition  takes  place, 
until  the  tension  of  the  remaining  gas  is  reduced  to  that  which  corresponds 
with  the  lower  temperature.  These  phenomena,  which  are  closely  analo- 
gous to  those  exhibited  in  the  vaporization  of  liquids,  have  been  especially 
studied  by  Deville  and  Debray.*  Deville  designates  decomposition  under 
these  conditions  by  the  term  "Dissociation." 

When  calcium  carbonate  is  heated  in  an  iron  tube,  from  which  the  air  has 
been  exhausted  by  means  of  a  mercury-pump,  no  decomposition  takes 
place  at  30(P,  and  a  scarcely  perceptible  decomposition  at  440©  ;  but  at 
bOlP  (in  vapor  of  cadmium)  it  becomes  very  perceptible,  and  goes  on  till 

•  W«tt8*B  DlctloDary  of  Uhemlstry,  first  Supplenicnt,  p.  425. 
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the  tension  of  the  evolved  carbon  dioxide  becomes  equivalent  to  85  milli- 
metres of  mercury  ;  there  it  stops  so  Jfoiig  as  tlie  temperature  remains  con- 
stant ;  but  on  raising  the  temperature  to  104(P  (in  vapor  of  zinc)  more 
carbon  dioxide  is  evolved  until  a  tension  equivalent  to  about  520  mm.  is 
attained.  If  the  tension  be  reduced  by  working  the  pump,  it  is  soon  re- 
stored to  its  former  value  by  a  fresh  evolution  of  carbon  dioxide.  If,  on 
the  other  hand,  the  apparatus  be  allowed  to  cool,  the  carbon  dioxide  is 
gradually  reabsorbed  by  the  quicklime,  and  a  vacuum  is  re-established  in 
the  apparatus. 

Similar  phenomena  are  exhibited  in  the  efflorescence  of  hydrated  salts, 
and  in  the  decomposition  of  the  compounds  of  ammonia  witli  metallic 
chlorides,  in  closed  spaces. 

If  the  decomposed  body,  as  well  as  one  at  least  of  its  constituents,  is 
gaseous,  it  is  not  possible  to  obtain  an  exact  measurement  of  the  maximum 
tension  corresponding  with  the  temperature ;  nevertheless  the  decomposition 
is  found  to  take  place  according  to  the  same  general  law,  ceasing  as  soon 
as  the  liberated  gases  have  obtained  a  certain  tension,  which  is  greater  as 
the  temperature  is  higher. 

It  has  long  been  known  that  chemical  combination  hetween  any  two 
bodies  capable  of  uniting  directly,  take?  place  only  at  and  above  a  certain 
temperature,  and  that  the  iX)mbination  is  broken  up  at  a  higher  tempera- 
ture ;  but  it  is  only  in  later  years  that  we  have  becon^e  acquainted  with 
the  fact  that  bodies  like  water  begin  to  decompose  at  temperatures  con- 
siderably below  that  which  they  produce  in  the  act  of  combining,  and 
therefore  that  their  combinfftion  at  that  temperature  is  never  complete. 
Grove  showed  some  years  ago  that  water  is  resolved  into  its  elements  in 
contact  with  intensely  ignited  platinum.  This  reaction  has  been  more 
closely  studied  by  Deville,  wlio  finds  that  when  vapor  of  water  is  passed 
through  a  heated  platinum  tube,  decomposition  commences  at  96(P-1(K)<P 
(about  the  melting  point  of  silver),  but  proceeds  only  to  a  limited  extent ; 
on  raising  the  temperature  to  1200O,  further  decomposition  takes  place, 
but  again  only  to  a  limited  amount,  ceasing  in  fact  as  soon  as  the  liberated 
oxygen  and  hydrogen  have  attained  a  certain  higher  tension.  The  quantity 
of  these  gases  actually  collected  in  this  experiment  is,  however,  very  small, 
the  greater  portion  of  them  reoombining  as  they  pass  through  the  cooler 
part  of  the  apparatus,  till  the  tension  of  the  remainder  is  reduced  to  that 
which  corresponds  with  the  lower  temperature. 

T-ie  recombination  of  the  gases  may  be  prevented  to  a  certain  extent  by 
means  of  an  apparatus  consisting  of  a  wide  tube  of  glazed  earthen-ware, 
through  the  axis  of  which  passes  a  narrower  tube  of  porous  earthen-ware, 
the  two  being  tightly  fitted  by  perforated  corks  provided  with  gas-delivery 
tubes,  and  the  whole  strongly  heated  by  a  furnace.  Vapor  of  water  is 
passed  through  the  inner  tube,  carbon  dioxide  through  the  annular  space 
between  the  two,  and  the  gases,  after  passing  through  the  heated  tubes, 
are  received  over  caustic  patash-solution.  The  vapor  of  water  is  then 
decomposed  by  the  heat  as  before ;  but  the  hydrogen,  according  to  the  laws 
of  diffusion,  passes  through  the  porous  earthen-ware  into  the  surrounding 
atmosphere  of  carbon  dioxide,  being  thus  separated  from  the  oxygen,  which 
remains  in  the  inner  tube,  and  becomes  mixed  with  carbon  dioxide  passing 
through  the  porous  septum  in  the  opposite  direction  to  the  hydrogen.  As 
these  gases  pass  through  the  alkaline  water,  the  carbon  dioxide  is  absorbed, 
and  a  mixture  of  hydrogen  and  oxygen  collects  in  the  receiver,  A  gram 
of  water  passed  in  the  state  of  vapor  through  such  an  apparatus  yields 
about  a  cubic  centimetre  of  detonating  gas. 

The  retarding  influence  of  pressure  is  seen  also  in  the  action  of  acids 
upon  zinc,  or  the  electrolysis  of  water,  in  sealed  tubes.     In  these  cases 
the  elimination  of  a  gas  is  an  essential  condition  of  the  change,  and  this 
22 
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being  prevented,  the  action  is  retarded.  On  the  other  hand,  there  are 
numerous  reactions  which  are  greatly  promoted  by  increased  pressure-— 
those,  namely,  which  depend  on  the  solution  of  gases  in  liquids,  or  on  the 
prolonged  contact  of  substances  which  under  ordinary  pressure  would  be 
volatilized  by  heat. 

Relations  of  Heat  to  Chemical  Affinity, — ^Whatever  may  be  the  real  nature 
of  chemical  affinity,  one  most  important  fact  is  clearly  established  with 
regard  to  it ;  namely,  that  its  manifestations  are  always  accompanied  by 
the  production  or  annihilation  of  heat.  Change  of  composition,  or  chemi- 
cal action,  and  heat  are  mutually  convertible :  a  given  amount  of  chemical 
action  will  give  rise  to  a  certain  definite  amount  of  heat,  which  quantity 
of  heat  must  be  directly  or  indirectly  expended,  in  order  to  reverse  or 
undo  the  chemical  action  that  has  produced  it.  The  production  of  heat 
by  chemical  action,  and  the  definite  quantitative  relation  between  the 
amount  of  heat  evolved  and  the  quantity  of  chemical  action  which  takes 
place,  are  rouglily  indicated  by  the  facts  of  our  most  familiar  experience  ; 
thus,  for  instance,  the  only  practically  important  method  of  producing 
heat  artificially  consists  in  changing  the  elements  of  wood  and  coal,  together 
with  atmospheric  oxygen,  into  carbon  dioxide  and  water  ;  and  every  one 
knows  that  the  heat  thus  obtainable  from  a  given  quantity  of  coal  is 
limited,  and  is,  at  least  approximately,  always  the  same.  The  accurate 
measurement  of  tKe  quantity  of  heat  produced  by  a  given  amount  of 
chemical  action  is  a  problem  of  very  great  difficulty  ;  chiefly  because 
chemical  changes  very  seldom  take  place  alone,  but  are  almost  always 
accompanied  by  physical  changes,  involving  further  calorimetric  effects, 
each  of  which  requires  to  be  accurately  measured  and  allowed  for,  before 
the  effect  due  to  the  chemical  action  can  be  rightly  estimated.  Thus  the 
ultimate  result  has,  in  most  cases,  to  be  deduced  from  a  great  number  of 
independent  measurements,  each  liable  to  a  certain  amount  of  error.  It 
is,  therefore,  not  surprising  that  the  results  of  various  experiments  should 
differ  to  a  comparatively  great  extent,  and  that  some  uncertainty  should 
still  exist  as  to  the  exact  quantity  of  heat  corresponding  with  even  the 
simplest  cases  of  chemical  action. 

The  experiments  are  made  by  inclosing  the  acting  substances  in  a  ves- 
sel called  a  calorimeter,  surrounded  by  water  or  mercury,  the  rise  of  tem- 
perature in  which  indicates  the  quantity  of  heat  evolved  by  the  chemical 
action,  after  the  necessary  corrections  have  been  made  for  the  heat  ab- 
sorbed by  the  containing  vessel  and  the  other  parts  of  the  apparatus,  and 
for  the  amount  lost  by  radiation,  etc.  Combustions  in  oxygen  and  chlo- 
rine are  made  in  a  copper  vessel  surrounded  by  water  ;  the  heat  evolved 
by  the  mutual  action  of  liquids  or  dissolved  substances  is  estimated  by 
means  of  a  smaller  calorimeter  containing  mercury.  Tlie  construction  of 
these  instruments  and  the  methods  of  observation  involve  details  which 
are  beyond  the  limits  of  this  work.* 

The  following  table  gives  the  quantities  of  heat,  expressed  in  hcat- 
nnita,f  evolved  in  the  combustion  of  various  elements,  and  a  few  com- 
pounds, in  oxygen,  referred :  (1)  to  1  pram  of  each  substance  burned  ; 
(2)  to  1  gram  of  oxygen  consumed ;  (3)  to  one  atom  or  molecule  (ex- 
pressed in  grams),  of  the  various  substances  : — 

»  Sec  Mnicr's  Chemical  Physics,  pp.  338,  et  ieq.y  uml  Wntts's  Dlctionnry  of  Che- 
mlntrv,  iil.  28, 103. 

t  The  unit  of  hent  here  adopted  is  the  quantity  of  heat  required  to  raise  1  gram 
of  water  from  0°  to  1°  O. 
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HeeU  of  Combustion  of  Elementary  Substances  in  Oxygen, 


Product. 

UaUb  of  beat  evolved. 

• 

Substance. 

Byl 

By  1      .By  1  at. 

gram  of 

gram  of    of  8ub< 

BubBtanee. 

oxygen. 

stance. 

Hydrogen 

H,0 

(  33881 
(34462 

4235 
4308 

33881 
34462 

Carbon — 

Wood-charcoal 

CO, 

(7900 
(8080 

2962 
3030 

94800 
96960 

Gas-retort  carbon  . 

<( 

8047 

3018 

96564 

Native  graphite     . 

i( 

7797 

2924 

93564 

Artificial  graphite . 

(1 

7762 

2911 

93144 

Diamond 

i< 

7770 

2914 

93940 

Sulphur-^ 

Native  . 

SO, 

2220 

2220 

71040 

Reoentlj  melted    • 

(( 

2260 

2260 

72320 

Flowers 

(< 

2307 

2307 

73821 

Phosphorus— 

(Yellow) 

PA 

5747 

4454 

178157 

Zinc 

ZnO 

1330 

5390 

86450 

Iron .         .        •        • 

Fe,0, 

1582 

4153 

88592 

Tin   .         .         .         • 

SnO, 

1147 

4230 

135360 

Copper 

CuO 

603 

2394 

38304 

Observer. 


Andrews. 

Favre  &  Silber- 

[maun. 

Andrews. 

Favre  &  Silber- 

'*[maun. 
n 

(( 

(< 

tt 
(( 

Andrews. 
ti 

n 
It 
^^ 
((   - 


The  following  results  have  been  obtained  by  the  complete  combustion 
of  partially  oxidized  substances  :— ^ 


Product. 

UnitB  of  heat  evolved. 

Sabitanoe. 

By  1  gram 

of 
BubBtaoce. 

In  formation 

of  1  molecule 

of  the  ultimate 

product. 

Observer. 

Carbon  monoxide,     ) 
CO     .         .        .    f 

Stannous  oxide,  SnO 
Cuprous  oxide,  Cu,0 

CO, 

SnO, 
CuO 

/2403 
t2431 

519 

256 

67284 
68064 

69584 

18304 

(  Favre  &  Sil- 
(      bermanu. 
Andrews. 

ti 
it 

Tha  last  three  substances  in  this  table  contain  exactly  half  as  much 
oxygen  as  the  completely  oxidized  products  :  and  on  comparing  the  amount 
of  heat  evolved  in  the  formation  of  one  molecule  of  stannic  or  cupric  oxide 
from  the  corresponding  lower  oxide,  with  the  quantity  produced  when  a 
molecule  of  the  same  product  is  formed  by  the  complete  oxidation  of  the 
csetal  in  one  operation,  we  find  that  the  combination  of  the  second  half  of 
the  oxygen  contained  in  these  bodies  evolves  sensibly  half  as  much  as  the 
combination  of  the  whole  quantity.    In  the  formation  of  carbon  dioxide, 
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however,  the  second  half  of  the  oxygen  appears  to  develop  more  than  two- 
thirds  of  the  total  amount  of  heat ;  but  this  result  is  probably  due,  in 
part  at  least,  to  the  fact  that  when  carbon  is  burned  into  carbon  dioxide, 
a  considerable  but  unknown  quantity  of  heat  is  expended  in  oonvertinj; 
the  solid  carbon  into  gas,  and  thus  escapes  measurement ;  while,  in  car- 
bon monoxide,  the  carbon  already  exists  in  the  gaseous  form,  and  there- 
fore no  portion  of  the  heat  evolved  in  the  combustion  of  this  substance  is 
similarly  expended  in  producing  a  change  of  state. 

It  seems  probable,  also,  that  a  similar  explanation  may  be  given  of  the 
inequalities  in  the  quantities  of  heat  produced  by  the  combustion  of  dif- 
ferent varieties  of  pure  carbon  and  of  sulphur — that  is  to  say,  that  a 
portion  of  the  heat  generated  by  the  combustion  of  diamond  and  graphite 
goes  to  assimilate  their  molecular  condition  to  that  of  wood-charooal,  and 
that  there  is  an  analogous  expenditure  of  heat  in  the  combustion  of  native 
sulphur. 

The  quantities  of  heat  evolved  in  the  combination  of  chlorine,  bromine, 
and  iodine  with  other  elements  have  been  determined  by  Favre  and  Sil- 
bermann,  Andrews,  and  others  ;  but  we  must  refer  to  larger  works  for  the 
results.* 

Reactions  in  Presence  of  Water. — The  thermal  effects  which  may  result 
from  the  reaction  of  different  substances  on  one  another  in  presence  of 
water,  are  more  complicated  than  those  resulting  from  direct  combination. 
In  addition  to  the  different  specific  heats  of  the  re-agents  and  products,  and 
to  the  different  quantities  of  heat  absorbed  by  them  in  dissolving,  or  given 
out  by  them  in  combining  with  water,  the  conversion  of  soluble  substances 
into  insoluble  ones,  as  a  consequence  of  the  chemical  action,  or  the  inverse 
change  of  insoluble  into  soluble  bodies,  are  among  the  secondary  causes  to 
which  part  of  tlie  calorimetrio  effect  may  be  due  in  these  cases. 

When  a  gas  dissolves  in  water,  the  heat  due  to  the  chemical  action  is 
augmented  by  that  due  to  the  liquefaction  of  the  gas  ;  so  also  when  a  solid 
body  is  dissolved  in  water,  the  total  thermal  effect  is  due  in  part  to  the 
chemical  action  taking  place  between  the  water  and  the  solid,  and  in  part 
to  the  liquefaction  of  the  substance  dissolved.  In  the  former  case  the 
chemical  and  physical  parts  of  the  phenomena  both  cause  evolution  of 
heat ;  in  the  latter  case  the  physical  change  occasions  disappearance  of 
heat,  and  if  this  effect  is  greater  than  that  due  to  the  chemical  action,  the 
ultimate  effect  is  the  production  of  cold,  and  it  is  this  which  is  generally 
observed. 

Cold  produced  btf  Chemical  Decomposition. ~^li  is  highly  probable  that  the 
thermal  effect  of  the  reversal  of  a  given  chemical  action  is  in  all  cases 
equal  and  opposite  to  the  thermal  effect  of  that  action  itself.  A  direct 
consequence  of  this  proposition  is  that  the  separation  of  any  two  bodies  is  at' 
tended  with  the  absorption  of  a  quantity  of  heat  equal  to  tluU  which  is  evolved  in 
their  combination.  The  truth  of  this  deduction  has  been  experimentally 
established  in  various  cases,  by  Wood,t  Joule,  t  and  Favre  and  Stlbermann, 
by  comparing  the  heat  evolved  in  the  electrolysis  of  dilute  sulphuric  acid, 
or  solutions  of  metallic  salts,  with  that  which  is  developed  in  a  thin  metal- 
lic wire  by  a  current  of  the  same  strength :  also  by  comparison  of  the  heat 
evolved  in  processes  of  combination  accompanied  by  simultaneous  decom- 
position, with  that  evolved  when  the  same  combination  occurs  between 
free  elements. 

By  determining  the  heat  evolved  when  different  metals  were  dissolved 

*  W«ttB»ii  Dietionnry  of  Chemistry,  III,  109. 

t  Phil  Mag.  [i]  il.  3o8 ;  iv.  870.  X  Ibhl.  ill.  481. 
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in  water  or  dilate  acid,  Wood  found  that  it  was  less  than  that  which  would 
be  produced  by  the  direct  oxidation  of  the  same  metals,  by  a  quantity 
equal  to  that  which  would  be  obtained  by  burning  the  hydrogen  set  free, 
or  which  was  expended  in  decomposing  the  water  or  acid  ;  and,  therefore, 
that  when  this  latter  quantity  was  added  to  the  results,  they  agreed  with 
the  numbers  given  by  experiments  of  direct  oxidation. 


BLKCTBO-CHEMICAL  DECOMPOSITION  ;   CHEMISTRY  OP  THE 

VOLTAIC  PILE. 

Whek  a  Toltaic  current  of  considerable  power  is  made  to  traverse  various 
oompound  liquids,  a  separation  of  the  elements  of  these  liquids  ensues  : 
provided  that  the  liquid  be  capable  of  conducting  the  current,  its  decom- 
position almost  always  follows. 

The  elements  are  disengaged  solely  at  the  limiting  surfaces  of  the  liquid, 
where,  according  to  the  common  mode  of  speech,  the  current  enters  and 
leav4«  the  latter,  all  the  intermediate  portions  appearing  perfectly  quies- 
cent. In  addition,  the  elements  are  not  separated  indifferently  and  at 
random  at  these  two  surfaces  ;  but,  on  the  contrary,  make  their  appear- 
ance with  perfect  uniformity  and  constancy  at  one  or  the  other,  according 
to  their  chemical  character,  namely,  oxygen,  chlorine,  iodine,  acids,  etc., 
at  the  surface  connected  with  the  copper^  or  positive  end  of  the  battery ; 
hydrogen,  the  metals,  etc.,  at  the  surface  in  connection  with  the  zinc,  or 
negative  extremity  of  the  arrangement. 

The  terminatldhs  of  the  battery  itself — usually,  but  by  no  means  neces- 
sarily, of  metal — are  designated  poles  or  electrodes j*  as  by  their  interven- 
tion the  liquid  to  be  experimented  on  is  made  a  part  of  the  circuit.  The 
process  of  decomposition  by  the  current  is  called  electrolysis y\  and  the 
liquids  which,  when  thus  treated,  yield  up  their  elements,  are  denominated 
electrolytes. 

When  a  pair  of  platinum  plates  are  plunged  into  a  glass  of  water  to 
which  a  few  drops  of  oil  of  vitriol  have  been  added,  and  the  plates  con- 
nected by  wires  with  the  extremities  of  an  active  battery,  oxygen  is  dis- 
engaged at  the  positive  electrode,  and  hydrogen  at  the  negative,  in  the 
proportion  of  one  measure  of  the  former  to  two  of  the  latter  nearly.  This 
experiment  has  already  been  described,  t 

A  solution  of  hydrochloric  acid  mixed  with  a  little  Saxon  blue  (indigo), 
and  treated  in  the  same  manner,  yields  hydrogen  on  the  negative  side  and 
chlorine  on  the  positive,  the  indigo  there  becoming  bleached. 

Potassium  iodide  dissolved  in  water  is  decomposed  in  a  similar  manner  : 
the  free  iodine  at  the  positive  side  can  be  recognized  by  its  brown  color,  or 
by  the  addition  of  a  little  gelatinous  starch. 

All  liquids  are  not  electrolytes  ;  many  refuse  to  conduct,  and  no  decom- 
position can  then  occur ;  alcohol,  ether,  numerous  essential  oils,  and  other 
products  of  organic  chemistry,  besides  a  few  saline  inorganic  compounds, 
act  in  this  manner,  and  completely  arrest  the  current  of  a  powerful 
battery. 

One  of  the  most  important  and  indispensable  conditions  of  electrolysis 

•  From  MAMtT^ar,  and  s/cr,  a  wny. 

t  From  ■Attt^v,  and  amiv,  to  looie.  X  Page  187. 
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is  flaidity  ;  bodies  which,  when  reduced  to  the  liquid  state,  conduct  freely, 
and  as  freely  sutfer  decomposition,  become  insulators  to  the  electricity  of 
the  battery  when  they  become  solid.  Lead  chloride  offers  a  good  illustra- 
tion of  this  fact :  when  fused  in  a  porcelain  crucible,  it  gives  up  its  ele- 
ments with  the  utmost  ease,  and  a  galvanometer,  interposed  in  the  circuit, 
is  strongly  affected.  But,  when  the  source  of  heat  is  withdrawn,  and  the 
salt  suffered  to  solidify,  signs  of  decomposition  cease,  and  at  the  same 
moment  the  magnetic  needle  reassumes  its  natural  position.  In  the  same 
manner,  the  thinnest  film  of  ice  arrests  the  current  of  a  powerful  voltaic 
apparatus ;  but  the  instant  the  ice  is  liquefied,  so  that  water  communica- 
tion is  restored  between  the  electrodes,  the  current  again  passes,  and 
decomposition  occurs.  Fusion  by  heat,  and  solution  in  aqueous  liquids, 
answer  the  purpose  equally  well. 

Generally  speaking,  compound  liquids  cannot  conduct  the  electric  cur- 
rent without  being  decomposed  ;  but  still  there  are  a  few  exceptions  to  this 
statement,  which  perhaps  are  more  apparent  than  real.  Thus,  Uittorf  has 
shown  that  fused  silver  sulphide,  which  was  formerly  regarded  as  one  of 
the  exceptions,  cannot  be  considered  to  be  so,  and  Beetz  has  since  proved 
the  same  to  be  the  case  as  regards  mercuric  iodide  and  lead  fluoride. 

The  quantity  of  any  given  compound  liquid  which  can  be  decomposed 
by  any  given  electric  battery,  depends  on  the  resistance  of  the  liquid  :  the 
more  resistance,  the  less  decomposition.  Distilled  water  has  only  a  small 
I>ower  of  conduction,  and  is  therefore  only  slightly  decomposed  by  a  battery 
of  30  to  40  pairs  ;  whilst  diluted  sulphuric  acid  is  one  of  the  best  of  fluid 
conductors,  and  undergoes  rapid  decomposition  by  a  small  battery. 

When  a  liquid  which  can  be  decomposed,  and  a  galvanometer,  are  in- 
cluded in  the  circuit  of  an  electric  current,  if  the  needle  of  the  galvano- 
meter be  deflected,  it  may  be  always  assumed  as  certain  that  a  jiortion  of 
liquid,  bearing  a  proportion  to  the  strength  of  the  current,  is  decomposed, 
although  it  may  be  impossible  in  many  cases,  without  special  contriv- 
ances, to  detect  the  products  of  the  decomposition,  on*  account  of  their 
minuteness. 

The  metallic  terminations  of  the  battery,  the  poles  or  electrodes,  have, 
in  themselves,  nothing  in  the  shape  of  attractive  or  repulsive  power  for 
the  elements  separated  at  their  surfaces.  Finely-divided  metal  suspended 
in  water,  or  chlorine  held  in  solution  in  that  liquid,  shows  not  the  least 
symptom  of  a  tendency  to  accumulate  around  them ;  a  single  element  is 
altogether  unaffected^-directly,  at  least ;  separation  from  previous  combi- 
nation is  required,  in  order  tliat  this  appearance  should  be  exhibited. 

It  is  necessary  to  examine  the  process  of  electrolysis  a  little  more  closely. 
Wiien  a  portion  of  hydrochloric  acid,  for  example,  is  subjected  to  decom- 
position in  a  glass  vessel  with  parallel  sides,  chlorine  is  disengaged  at  the 
positive  electrode,  and  hydrogen  at  the  negative  ;  the  gases  are  perfectly 
pure  and  unmixed.  If,  while  the  decomposition  is  rapidly  proceeding,  the 
intervening  liquid  be  examined  by  a  beam  of  light,  or  by  other  means, 
not  the  slightest  disturbance  or  movement  of  any  kind  will  be  perceived  : 
nothing  like  currents  in  the  liquid,  or  bodily  transfer  of  gas  from  one  part 
to  another,  can  be  detected ;  and  yet  two  portions  of  hydrochloric  acid, 
separated  perhaps  by  an  interval  of  four  or  five  inches,  may  be  respectively 
evolving  pure  chlorine  and  pure  hydrogen. 

There  is,  it  would  seem,  but  one  mode  of  explaining  this  and  all  similar 
cases  of  regular  electrolytic  decomposition :  this  is  by  assuming  that  <Ul 
the  particles  of  hydrochloric  acid  between  the  electrodes,  and  by  which 
the  current  is  conveyed,  simultaneously  suffer  decomposition,  the  hydro- 
gen travelling  in  one  direction,  and  the  chlorine  in  the  other.  The  neigh- 
boring elements,  thus  brought  into  close  proximity,  unite  and  reproduce 
hydrochloric  acid,  again  destined  to  be  decomposed  by  a  repetition  of  the 
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same  change.  In  this  manner  each  particle  of  hydrogen  may  be  made  to 
travel  in  one  direction,  by  becoming  successively  united  to  each  particle 
of  chlorine  between  itself  and  the  negative  electrode ;  when  it  reaches  tbe 
latter,  finding  no  disengaged  particle  of  chlorine  for  its  reception,  it  is  re- 
jected, as  it  were,  from  the  series,  and  thrown  off  in  a  separate  state. 
The  same  thing  happens  to  each  particle  of  chlorine,  which  at  the  same 
time  passes  continually  in  the  opposite  direction,  by  combining  succes- 
sively with  each  particle  of  hydrogen,  that  moment  separated,  with  which 
it  meets,  until  at  length  it  arrive  at  the  positive  plate  or  wire,  and  is 
disengaged.  A  sucoession  of  particles  of  hydrogen  is  thus  continually 
thrown  off  from  the  decomposing  mass  at  one  extremity,  and  a  correspond- 
ing succession  of  particles  of  chlorine  at  the  other.  The  power  of  tlie  cur- 
rent is  exerted  with  equal  energy  in  every  part  of  the  liquid  conductor, 
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Hydrochlorio  acid  In  ita  UBual  state. 

thongh  its  effects  become  manifest  only  at  the  very  extremities.    The  action 
is  one  of  a  purely  molecular  or  internal  nature,  and  the  metallic  terminal 

Fig.  138. 
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tions  of  the  battery  merely  serve  the  purpose  of  completing  the  connection 
between  the  latter  and  the  liquid  to  be  decomposed.  The  figures  137  and 
138  are  intended  to  assist  the  imagination  of  the  reader,  who  must  at  the 
same  time  avoid  regarding  them  in  any  other  light  than  that  of  a  some- 
what figurative  mode  of  representing  the  phenomena  described.  The 
circles  are  intended  to  indicate  the  elements,  and  are  distinguished  by 
their  respective  symbols. 

vLike  hydrochloric  acid,  all  electrolytes,  when  acted  on  by  electricity,  are 
split  into  two  constituents,  which  pass  in  opposite  directions.  Substances 
of  the  one  class,  like  oxygen,  chlorine,  etc.,  are  evolved  at  the  positive 
electrode-;  those  of  the  other  class,  like  hydrogen  and  the  metals,  at  the 
negative  electrode. 

It  is  of  importance  to  remark  that  oxygen-salts,  such  as  sulphates  and 
nitrates,  when  acted  on  by  the  current,  do  not  divide  into  acid  and  basic 
oxide,  but,  as  Daniell  and  Miller  proved,  into  metal  and  a  compound  sub- 
stance, or  group  of  elements,  which  is  transferred  in  such  a  state  of  asso- 
ciation that,  as  regards  its  electrical  behavior,  it  represents  an  element. 
Thus,  cupric  sulphate,  CUSO4,  splits,  not  into  SO,  and  CuO,  but  into  me- 
tallic copper  and  sulfMone,  SO4.  Hydrogen  sulphate,  or  sulphuric  acid, 
H^O^,  divides  into  the  same  comx>ound  group  and  hydrogen.  In  a  similar 
way,  also,  the  part  of  the  electrolyte  which  passes  to  the  negative  pole 
may  consist  of  a  group  of  elements.  A  solution  of  sal-ammoniac,  NH^Cl, 
furnishes  a  beautiful  instance  of  this  fact,  since  it  is  decomposed  by  the 
current  in  such  a  manner  that  the  ammonium,  NH^,  goeg  to  the  negative 
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jwle,  where  it  is  resolved  into  ammonia,  NH,,  and  free  hydrogen,  and  the 
chlorine  to  the  positive  pole. 

A  distinction  must  be  carefully  drawn  between  true  and  regular  electro- 
lysis, and  what  is  called  secondary  decomposition,  brought  about  by  the 
reaction  of  the  bodies  so  eliminated  upon  the  surrounding  liquid,  or  upon 
the  substance  of  the  electrodes  :  hence  the  advantage  of  platinum  for  the 
latter  purpose,  when  electrolytic  actions  are  to  be  studied  in  their  greatest 
simplicity,  that  metal  being  scarcely  attacked  by  any  ordinary  agents. 
When,  for  example,  a  solution  of  lead  nitrate  or  acetate  is  decomposed  by 
the  current  between  platinum  plates,  metallic  lead  is  deposited  at  the 
negative  side,  and  a  brown  powder,  lead  dioxide,  at  the  positive :  the 
latter  substance  is  the  result  of  a  secondary  action  ;  It  proceeds,  in  fact, 
from  the  nascent  oxygen,  at  the  moment  of  its  liberation,  reacting  upon 
the  monoxide  of  lead  present  in  the  salt,  and  converting  it  into  dioxide, 
which  is  insoluble  in  the  dilute  acid.  When  nitric  acid  is  decomposed,  no 
hydrogen  appears  at  the  negative  electrode,  because  it  is  oxidized  at  the 
expense  of  the  acid,  which  is  reduced  to  nitrous  acid.  When  potassium 
sulphate,  K^SO^,  is  electrolized,  hydrogen  appears  at  the  negative  electrode, 
together  with  an  equivalent  quantity  of  potassium  hydroxide,  KHO,  be- 
cause the  potassium  which  is  evolved  at  the  electrode  immediately  decom- 
poses the  water  there  present.  At  the  same  time,  the  sulphione,  SO^, 
which  is  transferred  to  the  positive  electrode,  takes  hydrogen  from  the 
water  there  present,  forming  sulphuric  acid,  H^SO^,  and  liberating  oxygen. 
In  like  manner  hydrogen  sulphate,  or  sulphuric  acid  itself,  is  resolved  by 
the  current  into  hydrogen  and  sulphione,  which  latter  decomposes  the 
water  at  the  positive  electrode,  reproducing  hydrogen  sulphate,  and  libe- 
rating oxygen,  just  as  if  the  water  itself  were  directly  decomposed  by  the 
current  into  hydrogen  and  oxygen.  A  similar  action  takes  place  in  the 
electrolytic  docomposition  of  any  other  oxygen  salt  of  an  alkali-metal,  or 
alkaline  earth-metal,  alkali  and  hydrogen  gas  making  their  appearance  at 
the  negative  electrode,  acid  and  oxygen  gas  at  the  positive  electrode.  This 
observation  explains  a  circumstance  which  much  perplexed  the  earlier 
experimenters  upon  the  chemical  action  of  the  voltaic  battery.  In  all 
experiments  in  which  water  was  decomposed,  both  acid  and  alkali  were 
liberated  at  the  electrodes,  even  though  distilled  water  was  employed : 
and  hence  it  was  believed  for  some  time  that  the  voltaic  current  had  some 
mysterious  power  of  generating  acid  and  alkaline  matter.  The  true  source 
of  these  compounds  was,  however,  traced  by  Davy,*  who  showed  that  they 
proceeded  from  impurities  either  in  the  water  itself,  or  in  the  vessels  which 
contained  it,  or  in  the  surrounding  atmosphere.  Having  proved  that  or- 
dinary distilled  water  always  contains  traces  of  saline  matter,  he  redistilUKl 
it  at  a  temperature  below  the  boiling  point,  in  order  to  avoid  all  risk  of 
carrying  over  salts  by  splashing.  He  then  found  that  when  marble  cups 
were  used  to  contain  the  water  used  for  decomposition,  hydrochloric  acid 
appeared  at  the  positive  electrode,  soda  at  the  negative,  lx)th  l>eing  derived 
from  sodium  chloride  present  in  the  marble  ;  when  agate  cups  were  used, 
he  obtained  silica  ;  and  when  he  used  gold  vessels,  he  obtained  nitric  acid 
and  ammonia,  which  he  traced  to  atmospheric  air.  By  operating  in  a 
vacuum,  indeed,  the  quantity  of  acid  and  alkali  was  reduced  to  a  mini- 
mum, but  the  decomposition  was  almost  arrested,  although  he  operated 
with  a  battery  of  fifty  pairs  of  4-inch  plates.  Hence  it  is  manifest  that 
water  iiself  is  not  an  electrolyte^  but  that  it  is  enabled  to  convey  the  current 
if  it  contains  only  traces  of  saline  matter. f 

Definite  Chemical  Action  of  the  Electric  Current, — If  a  number  of  different 
electrolytes,  such  as  dilute  sulphuric  acid,  cupric  sulphate,  potassium 

•  Philotophloal  TrAntnctlons,  lb07.  f  MIIier*s  Chemical  Physics,  p.  481. 
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iodide,  fased  lead  chloride,  etc.,  be  arranged  in  a  series,  and  the  same 
current  be  made  to  traverse  tlie  whole,  all  will  suffer  decomposltiou  at  tiie 
same  time,  but  by  no  means  to  the  same  amount.  If  arraugeuieiits  be 
made  bj  which  the  quantities  of  the  eliminated  elements  can  be  accurately 
ascertained,  it  will  be  found,  when  the  decomposition  has  procuediid  to 
some  extent,  that  these  latter  have  been  disengaged  exactly  in  the  ratio 
of  their  dtemical  equivalents.  The  same  current  which  decomposes  9  parts 
of  water  will  separate  into  their  elements  166  parts  of  potassium  iodide, 
139  parts  of  lead  chloride,  etc.  Uence  the  very  important  conclusion  : 
The  action  of  the  current  isperfetAly  d^nite  in  its  nature ^  producing  ajixed  and 
constant  amount  of  decomposition^  expressed  in  each  electrolyte  by  the  value  of  ii& 
chemical  equivalent. 

From  a  very  extended  series  of  experiments,  based  on  this  and  other 
methods  of  research,  Faraday  was  enabled  to  draw  the  general  inference 
that  effects  of  chemical  decomposition  are  always  proportionate  to  the 
qaantity  of  circulating  electricity,  and  may  be  taken  as  an  accurate  and 
trustworthy  measure  of  the  latter.  Guided  by  tliis  highly  important 
principle,  he  constructed  his  voitametre,  an  instrument  which  has  rendered 
the  greatest  service  to  electrical  science.  This  is  merely  an  arrangement 
by  which  dilute  sulphuric  acid  is  decomposed 
by  the  current,  the  gas  evolved  being  collected 
and  measured.  By  placing  such  an  instrument 
in  any  part  of  the  circuit,  the  quantity  of  elec- 
tric force  necessary  to  produce  any  given  effect 
can  be  at  once  estimated ;  or,  on  the  other 
hand,  any  required  amount  of  the  latter  can 
be,  as  it  were,  measured  out  and  adjusted  to 
the  object  in  view.  The  voltametre  has  re- 
ceived many  different  forms  :  one  of  the  most 
extensively  useful  is  that  shown  in  fig.  139,  in 
which  the  platinum  plates  are  separated  by  a 
very  small  interval,  and  the  gas  in  collected  in 
a  graduated  Jar  standing  on  the  shelf  of  the 
pneumatic  trough,  the  tube  of  the  instrument, 
which  is  filled  to  the  neck  with  dilute  sulphuric 
acid,  being  passed  beneath  the  jar. 

The  decompositions  produced  by  the  voltaic  battery  can  be  effected  by 
the  electricity  of  the  common  machine,  by  that  developed  by  magnetic 
action,  and  by  that  of  animal  origin,  but  to  an  extent  incomparably 
more  minute.  This  arises  from  the  very  small  quantity  of  electricity  set  in 
motion  by  the  machine,  although  its  tension — ^that  is,  power  of  overcoming 
obritacles,  and  passing  through  imperfect  conductors — is  exceedingly  great. 
A  pair  of  small  wires  of  zinc  and  platinum,  dipping  into  a  single  drop  of 
dilute  acid,  develops  far  more  electricity,  to  judge  from  the  chemical  effects 
of  such  an  arrangement,  than  very  many  turns  of  a  large  plate  electrical 
machine  in  ])owerful  action.  Nevertheless,  polar  or  electrolytic  decom- 
position can  be  distinctly  and  satisfactorily  effected  by  the  latter,  although 
on  a  minute  scale. 

Theory  of  the  Voltaic  Battery,— With  a  knowledge  of  the  principles  just 
laid  down,  the  study  of  the  voltaic  battery  may  be  resumed  and  completed. 
In  the  first  place,  two  very  different  views  have  been  held  concerning  the 
source  of  the  electrical  disturbance  in  that  apparatus.  Volta  himself 
ascrilKKi  ii  to  mere  contact  of  dissimilar  metals  or  other  substances  con- 
duirting  electricity, — to  what  was  denominated  an  electro-motive  force, 
called  into  being  by  such  contact.  Proof  was  supposed  to  be  given  of 
this  fundamental  proposition  by  an  experiment  in  which  disks  of  zinc  and 
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copper  attached  to  insulating  handleB,  alter  being  brought  into  close  ooii- 
tout,  were  found,  by  Lliu  aid  of  a  very  delicate  gold-leaf  vleetruscope,  to  lie 
ill  oppositu  electrical  Btatea.  It  appears,  however,  that  the  more  carefully 
tliia  experiuicnt  is  made,  the  sntaller  is  the  effect  observed ;  aud  heuco  it 
is  judged  iiiglily  probable  that  the  whole  maj  1m  due  to  acuideutsl  causes, 
against  whiuh  it  is  almost  impossible  to  guard. 

On  the  other  hand,  the  observatiou  wa«  Hoon  made  that  the  power  of  the 
ballery  always  buars  some  kind  of  pruportiuu  to  the  chemiual  action  upon 
tho  zmo  ;  that,  for  insCauco,  when  pure  water  is  used,  the  effect  is  extruiuuly 
feeble  ;  with  a  solution  of  salt,  it  beinmes  much  greater  ;  and,  lastly,  with 
dilute  acid,  greatest  of  all  ;  so  that  bouib  relation  evidently  exiflW  between 
the  chemical  effect  upon  the  metal  aud  tlie  evolution  of  oleotrical  force. 

Tho  experiments  of  Faraday  and  Uaniell  have  given  very  great  support 
to  the  chemical  theory,  by  showing  that  tlie  contact  of  dissimilar  metals 
is  not  necessary  in  order  to  call  into  being  powerful  eleotrical  currents,  aud 
that  tlie  development  of  electrical  force  is  not  only  in  some 
Fig.  140.         way  connected  with  the  chemical  action  of  the  liquid  of  Iho 
battery,  but  that  it  is  always  in  direct  proportion  to  the 
^~^  latter.     One  very  beautiful  experiment,  in  which  electro- 

lytic decomposition  of  potassium  iodide  is  performed  by  ft 
current  generated  without  any  contact  of  dissimilar  metals, 
can  be  thus  made :  A  plate  of  lino  is  bent  at  a  right  angle, 
and  cleaned  by  rubbing  with  sand-paper.  A  plate  of  pla- 
tinum has  a  wire  of  the  same  metal  attached  to  it  by  careful 
riveting,  and  the  wire  is  bent  into  an  arch,  A  pieoo  of 
folded  filter-paper  is  wetted  with  solution  of  potassium 
iodide,  and  placed  upon  the  zinc ;  the  platinum  plate  is 
arranged  opposite  to  tho  latter,  with  the  end  of  its  wire 
resting  upon  the  paper ;  aud  thea  the  pair  is  plunged  into 
a  glass  of  dilute  sulphuric,  mixed  with  a  fow  drops  of  nitric 
acid.  A  brown  spot  of  iodine  becomes  in  a  moment  evi- 
dent beneath  the  extremity  of  the  platinum  wire— that  is,  at  the  poditiT« 
side  of  the  arrangement. 

A  strong  argument  in  favor  of  the  chemical  view  is  founded  on  the  easily 
proved  fact  that  the  direction  of  the  current  Is  determined  by  the  kind  of 
action  upon  the  metals,  the  one  least  attacked  being  always  positive.  Let 
two  polished  plates,  the  one  iron  and  the  other  copper,  be  connected  by 
wires  with  a  galvanometer,  and  then  immersed  in  a  solution  of  an  alkalitia 
sulphide.  Tlie  needle  in  a  moment  indicates  a  powerful  onrrent,  passing 
from  tiie  copper  tlirough  the  liquid  to  the  iron,  and  hack  again  through 
tho  wire.  Let  the  plates  ho  now  removed,  cleaned,  and  plunged  into 
dilute  acid;  the  needle  is  again  driven  round,  but  in  the  opposite  direction, 
the  current  now  passing  from  the  iron  through  theliquid  to  the  copper.  In 
thofirst  instance,  the  coppi^r  is  acted  npon,  and  not  the  iron  ;  in  theeeeond, 
tlieae  oonditions  are  reversed,  and  with  them  the  direction  of  the  current. 
The  metals  employed  in  the  construction  of  voltaic  batteries  are  aino  for 
the  active  metal,  and  copper,  silTor,  or,  sliU  better,  platinum,  fbr  the  in- 
active  one  :  the  greater  the  diffcrcnoe  of  oxidability.  the  better  the  arrange- 
ment. The  liquid  is  either  dilute  snlphurio  acid,  sometimes  mixed  with  a 
little  nitric,  or  ocoaalonally,  where  very  slow  and  lonK-oonlinued  action  is 
wanted,  salt  and  water.  To  obtain  the  maximum  efTeet  of  the  apparatus 
with  the  least  expenditure  of  »ino,  that  metal  mnst  be  employed  in  a  purs 
state,  or  Its  surface  mnst  bo  covered  with  an  amalgam,  which,  in  its  eleo- 
trical relations,  closely  resembles  the  pure  metal.  The  line  la  easily 
brought  into  this  condition  by  wetting  it  with  dilute  sulphuric  acid,  and 
then  rubbing  a  little  meroury  over  11,  by  means  of  a  piece  of  rag  tied  to  a 
stick. 
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The  principle  of  the  compound  battery  is,  perhaps,  best  seen  in  the 
crown  of  cups  :  by  each  alturnation  of  zinc,  fluid,  and  copper,  the  current 
is  urged  forwards  with  increased  energy  ;  its  intensity  is  augmented,  but 
the  actual  amount  of  electrical  force  tiirown  into  tlie  current  form  is  not 
increased.  The  quantity,  estimated  by  its  decomposing  power,  is,  in  fact, 
determined  by  that  of  the  smallest  and  least  active  pair  of  plates,  the 
quantity  of  electricity  in  every  part  or  section  of  the  circuit  being  exactly 
equal.  Hence,  large  and  small  plates,  batteries  strongly  and  weakly 
charged,  can  never  be  connected  without  great  loss  of  power. 

When  a  battery,  either  simple  or  compound,  constructed  with  pure  or 
with  amalgamated  zinc,  is  charged  with  dilute  sulphuric  acid,  a  number 
of  highly  interesting  phenomena  may  be  observed.  While  the  circuit 
remains  broken,  the  zinc  is  perfectly  Inactive,  no  acid  is  decomposed,  no 
hydrogen  liberated  ;  but  the  moment  the  connection  is  completed,  torrents 
of  hydrogen  arise,  not  from  the  zinc,  tut  from  the  copper  or  platinum  sur- 
faces alone,  while  the  zinc  undergoes  tranquil  and  imperceptible  oxidation 
and  solution.  Thus,  exactly  the  same  effects  are  seen  to  occur  in  every 
active  cell  of  a  closed  circuit,  that  are  witnessed  in  a  portion  of  sulphuric 
acid  undergoing  electrolysis :  oxygen  appears  at  the  positive  side,  with 
respect  to  the  current,  and  hydrogen  at  the  negative  ;  but  with  this  difler- 
ence,  that  the  oxygen,  instead  of  being  set  free,  combines  with  the  zinc. 
It  is,  in  fact,  a  real  case  of  electrolysis,  and  electrolytes  alone  are  avail- 
able as  exciting  liquids. 

Common  zinc  is  very  readily  attacked  and  dissolved  by  dilute  sulphuric 
acid ;  and  this  is  usually  supposed  to  arise  from  the  formation  of  a  multi- 
tude of  little  voltaic  circles,  by  the  aid  of  particles  of  foreign  metals  or 
graphite,  partially  imbedded  in  the  zinc.  This  gives  rise  in  the  battery 
to  what  is  called  local  action,  by  which,  in  the  common  forms  of  appa- 
ratus, three-fourths  or  more  of  the  metal  is  often  consumed,  without  con- 
tributing in  the  least  to  the  general  effect,  but,  on  the  contrary,  injuring 
it  to  some  extent.     This  evil  is  got  rid  of  by  amalgamating  the  surface. 

By  careful  experiments,  in  which  local  action  was  completely  avoided,  it 
has  been  distinctly  proved  that  the  quantity  of  electricity  set  in  motion 
by  the  battery  varies  exactly  with  the  zinc  dissolved.  Coupling  this  fact 
with  that  of  the  definite  action  of  the  current,  it  will  be  seen  that  when  a 
perfect  battery  of  this  kind  is  employed  to  decompose  hydrochloric  acid,  in 
order  to  evolve  1  grain  of  hydrogen  from  the  latter,  32.5  grains  of  zinc 
must  be  dfssolved  as  chloride,  and  its  equivalent  quantity  of  hydrogen 
disengaged  in  each  active  cell  of  the  battery — that  is  to  say,  that  the  elec- 
trical force  generated  by  the  solution  of  an  equivalent  of  zinc  in  the  battery 
is  capable  of  effecting  the  decomposition  of  an  equivalent  of  hydrochloric 
acid  or  any  other  electrolyte  out  of  it. 

This  is  an  exceedingly  important  discovery :  it  serves  to  show,  in  the 
moat  striking  manner,  the  intimate  nature  of  the  connection  between 
chemical  and  electrical  forces,  and  their  remarkable  quantitative  or  equiva- 
lent relations.  It  almost  seems,  to  use  an  expression  of  Faraday,  as  if  a 
transfer  of  chemical  force  took  place  through  the  substance  of  solid  metal- 
lic conductors  ;  that  chemical  actions,  called  into  play  in  one  portion  of  the 
circuit,  could  be  made  at  pleasure  to  exhibit  their  effects  without  loss  or 
diminution  in  any  other. 

Electro-chemical  Theory, — ^There  is  an  hypothesis,  not  of  recent  date,  long 
countenanced  and  supported  by  the  illustrious  Berzelius,  which  refers  all 
chemical  phenomena  to  electrical  forces — ^which  supposes  that  bodies  com- 
bine because  they  are  in  opposite  electrical  states  ;  and  that  even  the  heat 
and  light  accompanying  chemical  union  may  be,  to  a  certain  extent,  ac- 
counted for  in  this  manner ;  that,  in  short,  so  far  as  our  present  knowledge 
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gm'S,  either  elettrio  or  chemical  action  may  bo  assumed  aa  cause  or  effect  : 
it  uiay  be  Ibat  electriuity  is  merely  a  form  or  modifiuatiou  of  ordinary 
chemical  atBnity ;  or,  on  the  other  Lnnd,  that  all  chemical  action  is  a  mani- 
festation of  electrical  force. 

Tliia  electro-cliBinioal  theory  la  no  longer  received  as  a  true  explanation 
of  chemical  pbanoiiieiia  to  the  full  extent  intended  by  ila  author.  Ihrie- 
liiis,  indeed,  supposed  that  the  combining  teudeneieit  of  elements,  and  their 
functions  in  eoui pounds,  depend  altogether  on  their  electric  polarity  ;  and 
accordingly  ho  divided  the  elements  into  two  clnasea,  the  electro-posi- 
tive, wliioh,  like  hydrogen  and  the  metaU,  move  lowardH  the  negative 
pule  of  the  battery,  aa  if  they  were  attracted  by  it,  and  the  electro- 
negative, which,  like  oxygen,  chlorine,  and  bromine,  move  towards  the 
positive  pole.  We  are,  however,  acquainted  with  a  host  of  phenomena 
wiiich  show  that  the  ohemicAl  functions  of  an  element  depend  upon  ita 
position  with  regard  to  other  elements  in  a  compound,  quite  as  much  as 
Ujion  i(3  individual  character.  Thus  chlorine,  the  very  type  of  an  electro- 
ni';;ative  element,  can  be  substituted  for  hydrogen,  one  of  the  most  posi- 
tive of  the  elements,  in  a  large  number  of  coinponnds,  yielding  new  pro- 
ducts, which  exhibit  the  closust  analogy  in  composition  and  properties  to 
the  coinpuunda  from  which  they  are  derived.  It  is  impossible,  tlierefore, 
to  admit  that  the  chemical  functions  of  bodies  are  determined  eKclusively 
by  their  electrical  relations.  Still  it  is  true  in  a  general  way  that  those 
elements  which  differ  most  strongly  in  their  electrical  characters,  chlorine 
auil  potassium,  for  example,  are  likewise  those  which  combine  together 
with  tiie  greatest  energy  ;  and  the  division  of  bodies  into  electro-positive 
and  electro-negative  ia  therefore  retained ;  the  former  are  also  called  acid 
or  chlorous,  and  the  latter  basylous  or  zincous. 

Coailanl  lialleria. — In  all  the  older  forms  of  the  voltaic  battery,  gneb  aa 

thoee  described  on  pages  110,  111,  the  power  rapidly  decreases,  so  that, 

after  a  short  time,  scarcely  the  tenth  part  of  the  origi- 

Plg  Ul.  nsl  action  remains.    This  loss  of  power  depends,  partly 

on  the  gradual  change  of  the  sulphuric  acid  into  xinc 

Blilpiiate,  but  still  more  on  the  coating  of  hydrogen, 

and,  at  a  later  stage,  on  the  precipitation  of  metallic 

■i*   tine  on  the  copper  plates.    It  is  self-eviilent  that  if  the 

copper  plate  in  the  liquid  became  covered  ivith  zinc,  it 

would  act  electrically  like  a  line  plate. 

An  apparatus  of  immense  value  fer  purposes  of 
electro-chemical  research,  in  which  H  is  desired  to 
maintain  powerful  and  eqnable  currents  for  many  suc- 
cessive hours,  was  contrived  by  the  late  Professor 
Daniell  (flg.  141).  Each  cell  of  this  "constant"  bat- 
tery consislfl  of  a  copper  cylinder  3^  inches  in  diameter, 
and  of  a  height  varying  from  S  to  18  inches.  The  lino 
is  employed  in  the  form  of  a  rod  j  of  an  inch  in  di- 
ameter, carefully  amalgamated,  and  suspended  in  the 
centre  of  the  cylinder.  A  second  cell  of  porous  earthen- 
ware or  animal  membrane  intervenes  between  the  zino 
and  the  copper :  this  is  filled  with  a  mixture  of  1  part 
by  measure  of  oil  of  vitriol  and  8  of  water,  and  tlie 
exterior  space  with  the  same  liquid  saturated  with 
copper  sulphate.  A  sort  of  little  colander  is  fitted  lo 
the  top  of  the  cell,  in  which  crystals  of  tlie  copper  sulphate  are  placed,  so 
that  the  strength  of  the  solution  may  remain  unimpaired.  When  a  com- 
'  ation  is  made  by  a  wire  between  tlie  rod  and  the  cylinder,  a  strong 
It  is  produced,  the  power  of  which  may  be  increased  to  any  extent  by 
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flonneoting  a  BUlEdBiit  number  of  such  oells  into  a  aeries,  on  the  priDcipla 
of  till!  crown  of  cups,  Die  copper  ot  the  Brat  being  alluciied  to  tlie  line  of 
tlia  aecoud.  Ten  Bueb  alternationa  conatiluto  a  very  powerful  apparatus, 
wliicli  has  tho  great  advantage  of  retaiuiug  its  energy  uuUiuiiuUlted  for  a 
long  time. 

)iy  this  ammgement  of  the  voltaic  battery,  the  accumnlation  of  hydro- 
gen and  drposition  of  zinc  on  the  surface  of  the  copper  piste  ia  altogetlier 
avoided  ;  the  line  in  tlie  poroua  celi,  whilst  it  dissalves  in  the  sulphuric 
acid,  decompoBes  it,  but  does  not  lil>eratH  any  hydrogen ;  for  by  tlie  pro- 
gress of  the  decomposition,  up  to  the  IxiUQdary  of  the  copper  solution,  the 
hydiDgen  takes  the  place  of  the  copper,  and  thus  ultimately  the  copper  li< 
precipitated  ou  the  copper  plate.  The  copper  plate  therefore  remains  iu 
itg  original  state,  so  long  as  u  sufficient  quantity  of  copper  sulphate  is  pre- 
sent in  the  solution. 

By  increasing  the  generative  and  reducing  the  antagonizing  chemical 
affinities,  Mr.  Grove  succeeded  in  forming  the  constant  nitric  acid  battery 
wlilcb  bears  his  name.  This  instrument  is  capable  of  producing  a  far 
greater  degree  ot  power  than  the  battery  previoualy  mentioned,  and  hence 
it  hae  become  one  of  the  most  important  means  of  promoting  electrical 
science  in  the  present  day.  The  zinc  dips  into  dilute  sulphuric  acid  ;  and 
instead  of  a  solution  of  oopper,  concentrated  nitric  acid  is  used,  which  sur- 
roundfl  a  platinum  plate.  It  is  evident  that  the  electrolytic  action  wliich 
begins  at  the  zino  passes  through  the  sulpliuric  acid,  and  in  a  precisely 
similar  way  through  the  contiguous  nitric  acid.  Hydrogen  would  thus  be 
lilierated  on  the  platinum  plate.  This  action  Is  not  rendered  risible  by 
the  eFolution  of  gas,  but  only  gradually  by  the  change  of  color  in  the 
nitric  acid  :  for  the  hydrogen  liberated  by  the  electrical  action  forms  water 
at  the  expense  of  the  oxygen  yielded  by  the  nitric  auid  ;  and  by  this 
means,  so  long  as  sufficient  nitric  acid  is  present,  the  purity  of  the  surface 
of  the  platinum  plate  is  maintained. 

One  of  the  ceils  in  this  battery  is  represented  in  section  in  fig.  142. 
The  line  plate  is  bent  round,  so  as  to  present  a  double  surface,  and  well 
amalgamated :  within  it  stands  a  thin,  flat  ct-U  of  porous 
earthenware,  filled  with  strong  nitric  acid,  and  the  whole  ]42, 

is  iininerted  in  a  mixture  of  1  part  by  measure  of  oil  of 
Titriol  and  G  of  water,  contained  either  in  one  of  the  * 

cells  of  Wotlaaton's  trough,  or  in  a  separate  cell  oC  ~ 
glazed  porcL'lain,  made  for  the  purpose.  Tlie  apparatus 
is  completed  by  a  plate  of  platinum  foil,  which  dips  into 
the  nitric  acid,  and  forms  the  poeitire  side  of  the  arrange- 
ment. With  ten  such  pairs,  experiments  of  decomposi- 
tion, ignilion  of  wires,  the  light  between  charcoal  points, 
etc.,  can  be  exhibited  with  great  brilliancy,  while  the 
battery  itself  is  very  compact  and  portable,  and,  to  a 
great  extent,  constant  in  its  action.  The  zinc,  as  in  the 
case  of  Daniell's  battery,  is  consumed  only  while  the 
current  paasea,  so  that  the  apparatus  may  be  arrangi'd 
an  hour  or  two  before  it  is  required  for  use,  wliicli  is 
often  a  matter  of  great  conveuience  ;  and  local  action  from 
tb>-  precipitation  .){  copper  on  the  zinc  is  avoided. 

Professor  Buiisen  has  modified  the  Grove  battery  by  substituting  for 
the  platinum,  dense  charcoal  or  coke,  which  is  an  excellent  conductor  of 
electricity.  By  this  alteration,  at  a  very  small  expense,  a  battery  may 
be  made  nearly  as  powerful  and  useful  as  that  of  (jrove.  On  account  of 
its  cheapness,  any  one  may  put  together  one  hundred  or  more  of  Bunsen'a 
ci'lb<,  by  which  the  most  magniQcent  phenomena  of  heat  and  tight  may  be 
obtAined. 
23 
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Figure  143  shows  the  form  of  the  round  carbon  cylinder  which  is  used 
in  these  cells.     It  is  hollowed  so  as  to  receive  a  porous  earthenware  cell, 

in  which  a  round  plate  of  zinc  is  placed.     The  upper 
Fig.  143.  edge  of  the  cylinder  of  carbon  is  well  saturated  with 

wax,  and  is  surrounded  by  a  copper  ring,  by  means  of 
which  it  may  be  put  in  connection  with  the  zino  of  the 
adjoining  pair. 

Bunseu's  carbon  cylinder  is  likewise  well  adapted  for 
the  use  of  dilute  sulphuric  acid  alone,  without  the  addi* 
tion  of  nitric  acid.  It  is,  however,  better  to  saturate 
the  dilute  sulphuric  acid  with  pota83ium  bichromate. 
When  this  mixture  contains  at  least  double  the  amount 
of  sulphuric  acid  which  is  necessary  to  decompose  the 
chromate,  a  battery  is  formed  which  surpasses  in  power 
the  nitric  acid  battery,  but  does  not  furnish  currents  of 
the  same  constancy. 
Mr.  Smee  has  contrived  an  ingenious  battery,  in  which  silver,  covered 
with  a  thin  coating  of  finely  divided  metallic  platinum,  is  employed  in 
association  with  amalgamated  zinc  and  dilute  sulphuric  acid.  The  rough 
surface  appears  to  permit  the  ready  disengagement  of  the  bubbles  of 
hydrogen. 

Gcu-batiery. — ^Mr.  Grove  has  contrived  a  battery  in  which  an  electrical 
current,  of  sufficient  intensity  to  decompose  dilute  sulphuric  acid,  is  pro- 
duced by  the  action  of  oxygen  upon  hydrogen.  Each  element  of  this  appa- 
ratus consists  of  a  pair  of  glass  tubes  to  contain  the  gases,  dipping  into  a 
vessel  of  acidulated  water.  Both  tubes  contain  platinum  plates,  covered 
with  a  rough  deposit  of  finely  divided  platinum,  and  furnished  with  con- 
ducting wires,  which  pass  through  the  tops  or  sides  of  the  tubes,  and  are 
hermetically  sealed  into  the  latter.  When  the  tubes  are  charged  with 
oxygen  on  the  one  side  and  hydrogen  on  the  other,  and  the  wires  con- 
nected with  a  galvanoscope,  the  needle  of  the  instrument  becomes  instantly 
affected  ;  and  when  ten  or  more  are  combined  in  a  series,  the  oxygen- tube 
of  the  one  with  the  hydrogen-tube  of  the  next,  etc.,  while  the  terminal 
wires  dip  into  acidulated  water,  a  rapid  stream  of  minute  bubbles  from 
either  wire  indicates  the  decomposition  of  the  liquid  ;  and  when  the  ex- 
periment is  made  with  a  small  voltametre,  it  is  found  that  thQ  oxygen  and 
hydrogen  disengaged  exactly  equal  in  amount  the  quantities  absorbed  by 
the  act  of  combination  in  each  tube  of  the  battery. 

Electrotype. — ^Within  the  last  forty  years,  several  very  beautiful  and 
successful  applications  of  voltaic  electricity  have  been  made,  which  may 
be  slightly  mentioned.  Mr.  Spencer  and  Professor  Jaoobi  have  employed 
it  in  copying,  or  rather  in  multiplying,  engraved  plates  and  medals,  by 
depositmg  upon  their  surfaces  a  thin  coating  of  metallic  copper,  which, 
when  separated  from  the  original,  exhibits,  in  reverse,  a  most  faithful 
representation  of  the  latter.  By  using  this  in  its  turn  as  a  mould  or 
matrix,  an  absolutely  perfect  facsimile  of  the  plate  or  medal  is  obtained. 
In  the  former  case,  the  impressions  taken  on  paper  are  quite  undistin- 
guishable  from  those  directly  derived  from  the  work  of  the  artist ;  and  as 
there  is  no  limit  to  the  number  of  electrotype  plat«'S  which  can  be  thus 
produced,  engravings  of  the  most  beautiful  description  may  be  multiplied 
indefinitely.  The  copper  is  very  tough,  and  bears  the  action  of  the  press 
perfectly  well. 

The  apparatus  used  in  this  and  many  similar  processes  is  of  the  simplest 
kind.  A  trough  or  cell  of  wood  is  divided  by  a  porous  diaphragm,  made 
of  a  very  thin  piece  of  sycamore,  into  two  parts  ;  dilute  sulphuric  acid  ifl 
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ic  side,  and  a  Baturatcd  aolutlon  of  copper  gulpliatc,  Fig.  lU. 
'  irith  a  little  acid,  on  the  other.  A  plnte  of 
line  IH  solderiHi  lo  a  wire  or  strLji  of  copp«r,  the  other  end  of 
which  a  securi.-d  by  similar  means  to  tlio  engraved  copper 
plate.  The  latter  is  then  Immersed  in  the  solution  of  sul- 
phate, and  the  zinc  in  the  acid.  To  prorent  deposition  of 
copper  on  the  back  of  the  copper  plate,  that  portion  is  covered 
with  varnish.  For  medals  and  sidhII  woiks,  a  porous  earthen- 
ware cell,  placed  in  a  jelly-jar,  may  be  nsed. 

Olher  metals  may  be  precipitated  in  the  same  manner,  in  a 
smooth  and  compact  form,  by  the  use  of  certain  precaution)! 
which  have  been  gathered  by  experience.  Electro-gilding 
and  plating  are  now  carried  on  very  largely  and  in  great  per- 
faction  by  Messrs.  Etkington  and  others.  Even  noD-cnnduct- 
ing  boilies,  as  sealing-wax  and  plaster  of  Paris,  may  be  coated 
with  metal ;  it  is  only  necessary,  sk  shown  by  th^late  Mr.  Kobcrt  Hnrray, 
to  rub  over  them  the  thinnest  possible  film  of  plumhago.  Seals  may  thus 
be  copied  in  a  very  few  hours  with  unerring  truth. 

The  common  but  very  pleasing  eiperiment  of  the  lead-tree  is  greatly 
dependent  on  elect roM^hemical  action.     When  a  piece  of  tine  is  suspended 
in  a  golntion  of  lead  acetaUi,  the  first  effect  is  the  decompo- 
sitioD  of  a  portion  at  Che  latter,  and  the  deposition  of  me-  ^' 

tallic  lead  upon  the  sarface  of  the  line ;  it  is  simply  a  dis- 
plaveiQunt  of  a  metal  by  a  mora  oxidableone.  The  change 
does  not,  however,  stop  here  ;  metallic  lead  is  Rtill  deposited 
in  large  and  beautiful  plates  upon  that  first  thrown  down, 
ontil  the  solution  becomes  exhausted,  or  the  line  entirely 
disappears.  The  first  portions  of  the  lead  form  with  the 
line  ■  voltaic  arrangement  of  sufficient  power  lo  decompose 
the  salt:  under  the  peculiar  circamstauces  in  which  tho 
latter  is  placed,  the  metal  is  precipitated  upon  tho  negative 
portion — that  is,  the  lead — while  the  oxygen  and  acid  are 
taken  up  by  the  line. 

Becqtierel,  several  years  ago,  published  an  exceedingly 
Interesting  account  of  certain  experiments  in  wliich  crys- 
tnliited  metals,  oxides,  and  other  insoluble  substances  had  been  produced 
by  the  slow  and  continuous  action  of  feeble  electriiyi  currents,  ke|>t  up  for 
months,  or  even  years.  These  products  exactly  resemble  natural  min- 
erals :  and,  indeeil,  the  experiments  throw  great  light  on  the  formation 
of  the  latter  within  the  earth.* 

Heal  depeloped  bg  the  Electrie  Currenl. — All  parts  of  the  electric  cnrcnit, 
the  plates,  the  liquid  in  the  cells  of  tlie  battery,  the  conducting  wires,  and 
any  electrolytes  undergoing  decomposition,  all  beoome  heated  during  the 
passage  of  the  current.  The  rise  of  temperature  in  any  part  of  the  cir- 
cuit depends  partly  on  the  strength  of  the  current,  partly  on  its  resistance, 
thtne  bodies  which  offer  the  greatest  resistance,  or  are  the  worst  cimdnclors, 
being  most  strongly  healed  by  a  current  of  given  strength.  Thus,  when 
a  thick  and  a  thin  wireoF  the  same  metal  are  included  in  the  same  circuit, 
the  latter  becomes  most  strongly  heated,  and  a  platinum  wire  Is  much 
more  strongly  heated  than  a  silver  or  copper  wire  of  the  same  thickness. 

By  exact  experiments  it  has  been  fnund  that  both  in  metallic  wires  and 
in  liquids  traversed  by  an  electric  current,  the  evolution  of  heat  is  directly 
proportional — lat,  to  the  resistance;  2d,  to  the  tlrenglh  of  the  currmi.  Joule 
hast  ^^  shown  that  the  evolution  of  heat  in  each  couple  of  the  voltaio 

u  Usgn«tliin#,  til.  ^. 
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battery  is  subject  to  the  same  law,  which,  therefore,  holds  good  in  every 
part  of  the  circuit,  including  the  batter j. 

The  strength  of  an  electric  current  is  measured  bj  the  quantity  of  de- 
tonating gas  (2  vols.  H  to  1  vol.  0)  which  it  can  evolve  fiom  acidulated 
water  in  a  given  time,  and  the  unit  of  current  strength  is  the  current  which 
eliminates  one  cubic  centimetre  of  detonating  gas  at  QP  C  and  760«»«>'  barometric 
pressure  in  a  minute.  Now  Lenz  has  shown  that  when  a  current  of  the  unit 
of  strength  passes  through  a  wire  whose  resistance  is  equal  to  that  of  a 
copper  wire  1  metre  long  and  1  millimetre  in  diameter,  it  develops  a  quan- 
tity of  heat  sufficient  to  raise  the  temperature  of  1  gram  of  water  from  CK> 
to  lo  G.  in  5|  minutes  ;  and  assuming  as  the  unit  of  heat  the  quantity 
required  to  raise  the  temperature  of  1  gram  of  water  from  OO  to  lo  C, 
the  law  may  be  thus  expressed — 

A  current  of  the  unit  of  strength  passing  through  a  conductor  which  exerts  the 
unit  of  resistance^  develops  therein  1.057  lieat-unit  in  an  Iiour,  or  0.0176  heat-unit 
in  a  minute. 

With  a  current  of  given  strength,  the  sum  of  the  quantities  of  heat 
evolved  in  the  battery  and  in  the  metallic  conductor  joining  its  poles,  is 
constant,  the  heat  actually  developed  in  the  one  part  or  the  other  varying 
according  to  the  thickness  of  the  metallic  conductor.  This  was  first  shown 
by  De  la  Rive,  and  has  been  confirmed  by  Favre.*  De  la  Rive  made  use  of 
a  couple  consisting  of  platinum  and  distilled  zinc  or  cadmium,  excited  by 
pure  and  very  strong  nitric  acid,  the  two  metals  being  united  by  a  platinum 
wire,  more  or  less  thick,  which  was  plunged  into  the  same  quantity  of 
strong  nitric  acid  contained  in  a  capsule,  similar  to  that  which  held  the 
voltaic  couple.  By  observing  the  temperatures  in  the  two  vessels  with 
delicate  thermometers,  the  sum  of  these  temperatures  was  found  to  be  con- 
stant, the  one  or  the  other  being  greater  according  to  the  thickness  of  the 
connecting  wire. 

Favre, t  by  means  of  a  calorimeter,  similar  to  that  which  he  used  in  his 
experiments  on  the  development  of  heat  by  chemical  action,  has  shown 
that  in  a  pair  of  zinc  and  platinum  plates,  excited  by  dilute  sulphuric 
acid  and  connected  by  platinum  wires  of  various  length  and  thickness,  for 
every  32.5  grams  of  zinc  dissolved,  a  quantity  of  heat  is  developed  in  the 
entire  circuit  equal  to  18,173  heat-units,  but  variously  distributed  between 
the  battery-cell  and  the  wire,  according  to  the  thickness  of  the  latter. 
Now,  this  quantity  of  Heat  is  nearly  the  same  as  that  which  is  evolved  in 
the  simple  solution  of  32.5  grams  of  zinc  in  dilute  sulphuric  acid,  without 
the  formation  of  a  voltaic  circuit,  viz.,  18,444  units.  Hence,  Favre  con- 
cludes that  the  heat  developed  by  the  resistance  of  a  metallic  or  other  con- 
ductor ci/nneoting  the  poles  of  the  battery  is  simply  borrowed  from  the 
total  quantity  of  heat  ev(»lved  by  the  chemical  action  taking  place  in  the 
battery,  and  is  rigorously  complementary  to  that  which  remains  in  the 
c*41s  of  the  battery,  the  heat  evolved  in  the  entire  circuit  being  the  exact 
equivalent  of  the  chemical  action  which  takes  place.  If  any  external 
work  is  performed  by  the  current,  such  as  electrolysis,  or  mechanical  work, 
as  by  an  electro-magnetic  engine,  the  heat  evolved  in  the  circuit  is  dimin- 
ished by  the  heat-equivalent  of  the  decomposition  or  mechanical  work 
done. 

•  Ann.  Ch.  Phyi.  [8]  xl.  883.  f  OompteB  Beadui,  xlv.  66. 
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CHEMISTRY  OF  THE  METALS. 

The  metals  oonstltute  the  second  and  larger  group  of  elementary  bodies. 
A  great  number  of  them  are  of  very  rare  occurrence,  being  found  only  in 
a  few  scarce  minerals ;  others  are  more  abundant,  and  some  few  almost 
universally  diffused  throughout  the  globe.  Some  of  these  bodies  are  of 
most  importance  when  in  the  metallic  state  ;  others,  when  in  combination, 
chiefly  as  oxides,  the  metals  themselves  being  almost  unknown.  Many 
are  used  in  medicine  and  in  the  arts,  and  are  essentially  connected  with 
the  progress  of  civilization. 

If  arsenic  be  included,  the  metals  amount  to  fifty  in  number. 

JPhygical  Properties. — One  of  the  most  remarkable  and  striking  characters 
possessed  by  the  metals  is  their  peculiar  lustre  :  this  is  so  characteristic 
that  the  expression  metallic  lustre  has  passed  into  common  speech.  This 
property  is  no  doubt  connected  with  the  great  degree  of  opacity  which  the 
metals  present  in  every  instance.  The  thinnest  leaves  or  plates,  and  the 
edges  of  crystalline  lamime,  arrest  the  passage  of  light  in  the  most  com- 
plete manner.  An  exception  to  the  rule  is  usually  made  in  favor  of  gold- 
leaf,  which,  when  held  up  to  the  daylight,  exhibits  a  greenish,  and,  in 
some  cases,  a  purple  color,  as  if  it  were  really  endued  with  a  certain  de- 
gree of  translucency  :  the  metallic  film  is,  however,  generally  so  imperfect 
that  it  is  somewhat  difficult  to  say  whether  the  observed  effect  may  not  be 
in  some  measure  due  to  multitudes  of  little  holes,  many  of  which  are 
visible  to  the  naked  eye ;  but  Faraday's  experiments  have  established  the 
translucency  of  gold  beyond  all  doubt. 

In  point  of  cdory  the  metals  present  a  certain  degree  of  uniformity : 
with  two  exceptions — viz.,  copper,  which  is  red,  and  gold,  which  is  yellow 
-—all  th^e  bodies  are  included  between  the  pure  white  of  silver  and  the 
bluish-gray  tint  of  lead  :  bismuth,  it  is  true,  has  a  pinkish  color,  and  cal- 
cium and  strontium,  a  yellowish  tint,  but  these  tints  are  very  feeble. 

The  differences  of  specific  gravity  are  very  wide,  passing  from  lithium, 
potassium,  and  sodium,  which  are  lighter  than  water,  to  platinum,  which 
is  more  than  twenty-one  times  heavier  than  an  equal  bulk  of  that  liquid. 

TMe  of  the  Speafic  Gravities  of  Metals  at  15.50  C.  (60O  F.). 

Platinum  (in  thin  wire)      .        •         •  21.50 

Gold 19.50 

Uranium 18.40 

Tungsten 17.60 

Mercury 13.59 

Palladium 11.30  to  11.8 

Lead 11.45 

Silver  ....  .10.50 

Bismuth 9.90 

Copper 8.96 

Nickel 8.80 

Cadmium 8.70 

Molybdenum 8.63 

Cobalt 8.54 

Manganese 8.00 

23* 
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ADtimon^   . 

.         .         .      6.80 

Araeuic 

Alamininm 

M»gnBfl[<im          .        . 

.        .         .       1.75 

Snlium 

.      0.5ii5 

Lithium      .         .        . 

.      V.'Mi 

The  propertj  of  malleabUiiif,  or  power  of  eztrnsion  under  the  hammer, 
or  betweeD  the  rollers  of  the  flattiiig.mill,  ia  puutcKHil  b;  curtain  of  th« 
metals  to  a  mj  great  ezteat.  Gold-ltraT  is  a  riiuarkable  exaiu)ile  of  the 
tenuitj  to  which  a  malleable  metal  maj  be  brought  bj  Euitable  meana. 
The  gilding  op  silver  wire  Ds«d  in  the  manufacture  of  gold  lac«  is  even 
thinner,  knd  jet  presents  an  unbroken  surface.  Silver  majr  be  beaten  oat 
Tery  thin — topper  al«o,  but  to  an  inferior  extent ;  tin  and  platinum  ara 
easily  rolled  out  into  foil ;  iron,  palladium,  lend,  nickel,  cadmium,  the 
metala  of  the  alkalies,  and  mercury  when  solidified,  tie  also  malleable. 
Zinc  may  be  placed  midway  between  the  mulli'sble  and  brittle  division  i 
then  perhaps  bismuth  ;  and,  lastly,  such  metals  as  autimony  and  arsenic, 
which  are  altogether  destitute  of  malleability. 

The  speciSc  gravity  of  malleable  metals  is  usually  very  sensibly  in- 
creased by  pressure  or  blows,  and  the  mt'tals  thouisi'lves  are  rendered 
much  harder,  witli  a  tendency  to  hrittloness.     This  condition  is  destroyed 
and  the  former  soft  state  restored  by  the  operation  of  aniinUinii,  which  con- 
sists in  heating  the  metal  to  reilncss  out  of  ciinlact  with  air  (if  it  will  bear 
that  temperature  villiout  fusion),  and  cooling  it,  quickly  or  slowly  accord- 
ing to  the  circumstances  of  the  case.     After  this  opera- 
Fig.  IW.  tion,  it  is  found  to  possess  its  original  specific  gravity. 
/^        —  Duclilily  is  a  property  distinct  from  the  Inst,  inasmuch 
/'                     as  it  involves  the  principle  of  tenacity,  or  power  of  re- 
I  *        I             sisting  tension.     The  art  of  wir^rawlng  is  one  of  great 
I  *                     antiquity  ;  it  consists  in  drawing  rods  of  metal  through  a 
I  '                     succession  of  trumpet-shaped  holi«  in  a  stei-l  plate,  each 
I  .                     being  a  little  sranlter  than  its  predei-essor,  until  the  re- 
I  ,                     qnisite  degree  of  fineness  is  attained.    The  metal  often 
^'                   becomes  very  hard  and  rigid  in  this  process,  and  is  then 
liable  to   break;    tliis   is   remedied   by  annealing.     The 
order  of  tenacity  among  the  metals  susceptible  of  being 
ensily  drawn  into  wire  is  the  following :  it  is  determined  by  observing  the 
weights  riHiuired  to  break  assunder  wires  drawn  through  the  same  orifice 
of  tlie  platu  : — 

Iron.  Gold. 


Fusible  below 
a  red  heat. 


Infusible  below 
a  red  heat* 
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'  Mercurj  . 
Rubidium 
Potassium 
Sodium     . 
Lithium   • 
Tin  . 
Cadmium 
Bismuth  . 
Thallium 
Lead 
Tellurium— rather  less  fusible  than 

lead 
Arsenio— unknown 

Zinc 

Antimony— just  below  redness 

Silver 

Copper 1996 

Gold 2016 

Cast-iron 2786 

Pure  iron 
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Melting  Points. 

F.           C. 

.    _  390    —39.4^ 

.     +101.3  +36.5 

144.5       62.5 

207.7       97.6 

356        180 

442       227.8 

(about)  442       228 

497        258 

561        294 

617        325 

773       412 


1873 


1023 
1091 
1102 
1530 


Nickel 

Cobalt 

Manganese 

Palladium 

Molybdenum, 

Uranium, 

Tungsten, 

Chromium, 

Titanium, 

Cerium, 

Osmium, 

Iridium, 

Rhodium, 

Platinum, 

Tantalum, 


Highest  heat  of  Forge. 


Agglomerate,  but  do  not  melt  in  the 
forge. 


Infusible  in  ordinary  blast-furnaces  ; 
fusible  by  oxy-hydrogen  blow-pipe. 


Some  metals  acquire  a  pasty  or  adhesive  state  before  becoming  fluid  : 
this  is  the  case  with  iron  and  platinum,  and  with  the  metals  of  the  alka- 
lies. It  is  this  peculiarity  which  confers  the  very  valuable  property  of 
welding,  by  which  pieces  of  iron  and  steel  are  united  without  solder,  and 
the  finely  divided  metallic  sponge  of  platinum  is  converted  into  a  solid 
and  compact  bar. 

Some  metals  are  voUuUe^  and  this  character  would  perhaps  be  exhibited 
by  all,  could  temperatures  sufficiently  elevated  be  obtained.  Mercury 
boils  and  distils  below  a  red  heat ;  potassium,  sodium,  zinc,  magnesium, 
and  cadmium  rise  in  vapor  when  heated  to  bright  redness  ;  arsenic  and 
tellurium  are  volatile. 


CHEMICAL  RELATIONS  OP  THE  METALS. 

Mbtallic  combinations  are  of  two  kinds — namely,  those  formed  by  the 
union  of  metals  among  themaeves,  which  are  called  alloys,  or  where  mer- 
cury is  concerned,  amalgams,  and  those  generated  by  combination  with 
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the  non-metallio  elements,  as  oxides,  chlorides,  sulphides,  etc.     In  this 
latter  case,  the  metallic  characters  are  almost  invariably  lost. 

Alloys. — ^Most  metals  are  probably,  to  some  extent,  capable  of  exist- 
ing in  a  state  of  combination  with  each  other  in  definite  proportions  ;  but 
it  is  difficult  to  obtain  these  compounds  in  a  separate  state,  since  they  dis- 
solve in  all  proportions  in  the  melted  metals,  and  do  not  generally  differ 
so  widely  in  their  melting  points  from  the  metals  they  may  be  mixed  with, 
as  to  be  separated  by  crystallization  in  a  definite  form.  Exceptions  to  this 
rule  are  met  with  in  the  cooling  of  argentiferous  lead,  and  in  the  crystal- 
lization of  brass  and  of  gun-metal. 

The  chemical  force  capable  of  being  exerted  between  different  metals  is 
for  the  most  part  very  feeble,  and  the  consequent  state  of  combination  is 
therefore  very  easily  disturbed  by  the  influence  of  other  forces.  The  sta- 
bility of  such  metallic  compounds  is,  however,  greater  in  proportion  to  the 
general  dissimilarity  of  the  metals  they  contain.  But  in  all  cases  of  com- 
bination between  metals,  the  alteration  of  physical  characters,  which  is 
the  distinctive  feature  of  chemical  combination,  does  not  take  place  to  any 
great  extent.  The  most  unquestionable  compounds  of  metals  with  metals 
are  still  metallic  in  their  general  physical  characters,  and  there  is  no  such 
transmutation  of  the  individuality  of  their  constituents  as  takes  place  in 
the  combination  of  a  metal  with  oxygen,  sulphur,  chlorine,  etc.  The 
alteration  of  characters  iu  alloys  is  generally  limited  to  the  color,  degree 
of  hardness,  tenacity,  etc.,  and  it  is  only  when  the  constituent  metals 
are  capable  of  assuming  opposite  chemical  relations  that  these  compounds 
are  distinguished  by  great  brittleness. 

The  formation  of  actual  chemical  compounds,  in  some  cases,  when  two 
metals  are  melted  together,  is  indicated  by  several  phenomena,  viz.,  the 
evolution  of  heat,  as  in  the  case  of  platinum  and  tin,  copper  and  zinc,  etc. 
The  density  of  alloys  differs  from  that  of  mere  mixtures  of  the  metals. 
In  the  solidification  of  alloys,  the  temperature  does  not  always  fall  uni- 
formly, but  often  remains  stationary  at  particular  degrees,  which  may  be 
regarded  as  the  solidifying  points  of  the  compounds  then  crystallizing. 
Tin  and  lead  melted  together  in  any  proportions  always  form  a  compound 
which  solidifies  at  1870.  The  melting  point  of  an  alloy  is  often  very  dif- 
ferent from  the  point  of  solidification,  and  it  is  generally  lower  than  the 
mean  melting  point  of  the  constituent  metals. 

But  though  metals  may  combine  when  melted  together,  it  is  doubtful 
whether  they  remain  combined  after  the  solidification  of  the  mass,  and  the 
wide  differences  between  the  melting  and  solidifying  points  of  certain  alloys 
appear  to  indicate  that  the  existence  of  these  compounds  is  limited  to  a 
certain  range  of  temperature.  Matthiessen*  regards  it  as  probable  that 
the  condition  of  an  alloy  of  two  metals  in  the  liquid  state  may  be  either 
that  of— 1.  A  solution  of  one  metal  in  another  ;  2.  Chemical  combination  ; 
3.  Mechanical  mixture ;  or,  4.  A  solution  or  mixture  of  two  or  all  of  the 
above ;  and  that  similar  differences  may  exist  as  to  its  condition  in  the 
solid  state. 

The  chemical  action  of  reagents  upon  alloys  is  sometimes  very  different 
from  their  action  upon  metals  in  the  separate  state  :  thus,  platinum  alloyed 
with  silver  is  readily  dissolved  by  nitric  acid,  but  is  not  affected  by  that 
acid  when  unalloyed.  On  the  contrary,  silver,  which  in  the  separate  state 
is  readily  dissolved  by  nitric  acid,  is  not  dissolved  by  it  when  alloyed  with 
gold  in  proportions  much  less  than  one-fourth  of  the  alloy  by  weight. 

*  BritiBh  Association  Reports,  1863,  p.  97. 
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Compounds  of  Metals  with  Metalloids. — ^Classification 

ol  Metals. 

A  classification  of  the  metals  according  to  their  quautivalence  or  atomic 
citj  is  given  in  the  table  on  p.  239  ;  and  each  of  the  classes  tlius  formed 
may  be  divided  into  groups,  the  individual  members  of  which  possess  cer- 
tain physical  or  chemical  characters  in  common.  There  are,  however, 
several  metals,  especially  among  those  of  rare  occurrence,  whose  position 
in  the  series  is  by  no  means  definitely  fixed. 

Class  I.  —  Monad  Metals.  —  1.  Among  these  metals,  potassium, 
sodium,  csBsium,  rubidium,  and  lithium  are  called  alkali-metuU. 
They  are  soft,  easily  fusible,  volatile  at  higher  temperatures  ;  combine 
very  energetically  with  oxygen ;  decomi>ose  water  at  all  temperatures  ; 
and  form  strongly  basic  oxides,  which  are  very  soluble  in  water,  yielding 
powerfully  caustic  and  alkaline  hydroxides,  not  decomposable  by  heat. 
Their  carbonates  are  soluble  in  water,  and  each  metal  forms  only  one 
chloride.  The  hypothetical  metal  ammonium,  NH4  (p.  158),  is  usually 
added  to  the  list  of  alkali-metals,  on  account  of  the  general  similarity  of 
its  compounds  to  those  of  potassium  and  sodium. 

2.  Silver  differs  greatly  from  the  alkali-metals  in  its  physical  and 
most  of  its  chemical  properties,  but  it  is  related  to  them  by  the  isomorpli- 
ism  of  some  of  its  compounds  with  the  corresponding  compounds  of  those 
metals  ;  thus  it  forma  an  alum,  similar  in  form  and  composition  to  ordinary 
potash  alum. 

Class  H.^^Dyad  MetaJs, — ^1 .  The  three  metals,  barium,  strontium, 
and  calcium,  form  oxides  called  alkaline  eart/is,  less  soluble  in  water 
than  the  true  alkalies,  but  exhibiting  similar  taste,  causticity,  and  action 
on  vegetable  colors.  The  metals  of  this  group  form  but  one  chloride, 
e.g.1  BaCl,  ;  their  carbonates  are  insoluble  in  wattr,  and  barium  sulphate 
is  ali^o  insoluble,  strontium  and  calcium  sulphates  slightly  soluble. 

2.  A  second  group  consists  of  the  metals  beryllium,  yttrium, 
erbium,  lanthanum,  and  didymium,  which  form  oxides  called 
earths^  insoluble  in  water,  and  not  reducible  to  the  metallic  state  by  hy- 
drogen or  carbon ;  their  carbonates  are  insoluble  in  water,  their  sulphates 
soluble.  These  metals  also  form  but  one  chloride,  viz.,  a  dichloride. 
They  are  all  very  rare.  Mendelejeff,  as  already  observed  (p.  239),  pro- 
poses to  classify  didymium,  yttrium,  and  erbium  as  triads,  and  lanthanum 
as  a  tetrad ;  but  his  reasons  for  doing  so  are  not  very  conclusive  :  at  all 
events  it  is  most  convenient  to  describe  these  metals  amongst  the  earth- 
metals. 

3.  Magnesium,  zinc,  and  cadmium  resemble  one  another  in  being 
volatile  at  high  temperatures,  and  burning  when  heated  in  the  air  ;  they 
decompose  water  at  high  temperatures,  eliminate  hydrogen  from  dilute 
acids,  and  form  only  one  oxide  and  one  chloride,  c.^.,  ZnO  and  ZnCl,. 
Magnesium  was  formerly  classed  as  an  earth-metal,  but  it  bears  a  much 
closer  analogy  to  zinc. 

4.  Mercury  and  copper  each  form  two  chlorides  and  two  oxides : 
mercury,  for  example,  forms  the  two  chlorides,  HgClj  and  Hg^Cl,,  and  the 
two  oxides,  HgO  and  HgjO.     Mercurous  chloride  (calomel)  is  represented 

Hg— CI  Hg 

by  the  formnla      I  ,     and  the  corresponding  oxide  by      I    ^O 

Hg-Cl  Hg-^ 

The  copper  compounds  are  similarly  constituted.     These  metals  do  not 
decompose  water  at  any  temperature ;  they  are  oxidized  by  nitric  and  by 
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strong  sulplinric  acids.  The  oxides  of  mercurj  are  reduced  to  the  metallic 
state  by  heat  alone ;  those  of  copper  by  ignition  with  hydrogen  or  char- 
coal. 

The  position  of  copper  in  the  series  has  already  been  discussed  (p.  239). 
It  has  certain  analogies  with  the  metals  of  the  iron  group— and  in  the 
cuprous  compounds  it  may  be  regarded  as  univalent ;  but  in  its  most 
stable  compounds,  the  cuprio  salts,  it  is  unquestionably  bivalent. 

Class  III. — Triad  Metals.^^The  metals  referable  to  this  class  are  alumi- 
nium, gallium,  indium,  thallium,  and  gold.  The  first  tiirce  form  only 
trichlorides  ;  thallium  and  gold  form  monochlorides  and  trichlorides,  also 
corresponding  oxides,  «.  g.,  thallium  chlorides,  TlGl  and  TlCl, ;  oxides, 
Tlfi  and  Tl^O,.  The  mono-compounds  of  thallium  are  much  more  stable 
than  the  tri-compounds,  and  in  respect  of  these  compounds  thallium  ex- 
hibits very  close  analogies  to  the  alkali-metals,  forming,  for  example,  an 
alum  isomorphous  with  common  potash  alum,  and  phosphates  analogous 
in  composition  to  the  phosphates  of  sodium.  The  position  of  gold  has 
already  been  discussed.  Aluminium  is  sometimes  regarded  as  a  tetrad, 
but  for  reasons  already  given  (p.  240)  it  is  most  probably  a  triad. 

Class  IY. — Tetrad  Metals, — ^To  this  class  belong  zirconium,  thorinnniy 
cerium,  tin,  titanium,  and  lead.  Zirconium  and  thorinum  form  tetra- 
chlorides and  dioxides.  The  position  of  cerium  in  the  series  is  altogether 
doubtful. 

Tin  and  titanium  are  closely  related  to  silicium,  each  forming  a  vola- 
tile tetrachloride ;  namely,  stannic  chloride,  SnC^l^,  and  titanic  chloride, 
TiCl^,  together  with  the  corresx)onding  oxides.  Tin  likewise  forms  the 
stannous  compounds  in  which  it  is  bivalent,  e,  ^.,  SnCl,,  SnO ;  and  tita- 
nium forms  the  titanous  compounds,  in  which  it  is  apparently  trivalent, 
but  really  quadrivalent :  e.  g.,  TiCl,  or  TijCl^  =  CljTi— TiClg. 

The  quadri valence  of  lead  is  inferred  from  the  composition  of  plumbo- 
tetrethide,  PbCCjH^)^ ;  btit  in  most  of  its  compounds  it  is  bivalent,  forming 
only  one  chloride,  PbCl,,  with  corresponding  iodide,  bromide,  and  fluoride. 
It  forms  also  the  corresponding  oxide,  PbO,  together  with  a  lower  oxide, 
PbjO,  and  three  higher  oxides,  Pb304,  PbiO^,  and  PbO,.  Lead  is  allied  to 
barium  and  strontium  by  the  isomorphism  of  its  sulphate  with  the  sul- 
phates of  barium  and  strontium,  and  to  silver,  thallium,  and  mercury  by 
the  sparing  solubility  of  its  chloride,  which  is  precipitated  by  hydrochloric 
acid  from  solutions  of  lead  salts. 

Platinum  and  its  allied  metals  also  form  tetrachlorides  and  dioxides; 
but  these  metals  are  best  regarded  as  forming  a  group  by  themselves. 

Class  V. — Pentad  Metals, — 1.  Arsenic  forms  a  trichloride,  a  trioxide, 
and  corresponding  salts  ;  also  a  pentoxido,  and  corresponding  salts, 
called  arsenates,  analogous  to  the  phosphates.  Antimony  forms  a  tri- 
chloride and  a  pentachloride  analogous  to  those  of  phosphorus,  also  the 
corresponding  oxides.     Bismuth  forms  a  volatile  trichloride,  and  a  di- 

BiQ, 
chloride,  Bi, CL,  or      I       .    Vanadium  was  formerly  supposed  to  belong 

BiCl, 
to  the  tungsten  group,  but  it  has  lately  been  shown  to  be  a  pentad.  It 
forms  a  trichloride,  VClg ;  also  an  oxychloride,  VOCl,,  analogous  to  phos- 
phorus oxy chloride ;  and  the  oxides,  V^O,  and  Yfi^,  analogous  to  those 
of  phosphorus  and  arsenic,  the  latter  yielding  a  series  of  salts,  the  vana- 
dates, isomorphous  with  the  phosphates  and  arsenates  of  corresponding 
composition. 

2.  Tantalum  and  niobium,  formerly  regarded  as  tetrads,  have  been 
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shown  by  Marignac  to  form  pentachlorides  and  pen tox ides.    The  oxides  of 
the  pentad  metals  are,  for  the  most  part,  of  acid  character. 

Clkbs  YL—'Hexad  Metals, — 1.  Chromium  forms  a  hexflnoride,  CrP,, 
and  a  corresponding  oxide,  CrO,.  It  likewise  forms  two  series  of  com- 
pounds, in  which  it  exhibits  lower  degrees  of  equivalence,  viz.,  the  chromio 
compounds  analogous  to  the  ferric  compounds,  in  which,  like  aluminium 
and  iron,  it  is  either  trivalent  or  quadrivalent ;  e,  g.,  chromic  chloride, 

CrCl, 
CrOl^  or  CrgCl^  ^  I         ;  and  the  chromous  compounds,  analogous  to  the 

CrClj 
ferrous  compounds,  in  which  It  is  bivalent,  e.  g.,  CrCl,,  CrO. 

Uranium  forms  a  trioxlde,  UOg,  and  an  oxy  chloride,  UO^Cl,,  analogous 
to  CrO^Cl,. 

2.  Tungsten  forms  a  hexchloride,  WClg,  and  the  corresponding  oxide, 
WO,.  Molybdenum  is  not  known  to  form  a  chloride  higher  than  M0GI4, 
but  its  trioxide,  M0O3,  is  known ;  and,  from  the  general  similarity  of  the 
tungsten  and  molybdenum  compounds,  the  latter  metal  is  inferred  to  be 
hexadic. 

Class  VII. — ffeptad  Metals, — ^The  only  metal  at  present  referable  to  this 
class  is  Manganese,  which  forms  a  heptachloride,  and  may  also  be 
regarded  as  heptadio  in  permanganic  acid,  HMn04,  and  its  salts,  which, 
as  already  observed,  are  isomorphous  with  the  perchlorates  (p.  241).  Man- 
ganese is,  however,  more  conveniently  described  in  connection  with  the 
iron  group  of  metals. 

Class  VIII. — Iron  and  JPkuinum  Metals, — These  metals,  for  reasons  already 
assigned,  cannot  be  referred  to  either  of  the  preceding  classes  (p.  241). 
Besides  possessing  certain  physical  properties  in  common,  they  exhibit  a 
greater  tendency  than  any  of  the  preceding  to  enter  into  combination, 
sometimes  as  perissads,  sometimes  as  artiads. 

The  nine  metals  of  this  class  resemble  one  another  in  many  respects ; 
(1)  They  are  all  of  gray  color  and  difficult  of  fusion.  (2)  They  possess 
in  a  high  degree  the  power  of  condensing  and  giving  passage  to  gases,  as 
seen  especially  in  nickel,  palladium,  iron,  and  platinum.  (3)  Their 
highest  oxides  are  bases,  or  acids  of  little  energy,  which  are  easily  reduced 
to  lower  oxides  of  more  decided  basic  character.  (4)  They  form  stable 
double  cyanides  with  the  alkali-metals,  Fe,  Ru,  and  Os,  yielding  analo- 
gous compounds  having  the  general  formula  E^RCy^ ;  Co,  Rh,  Ir,  forming 
salts  having  the  general  formula  K^RCy,  ;  Ni,  Pd,  Pt,  forming  salts  having 
the  composition  K,RCy4.  (5)  Some  of  their  compounds,  especially  those 
of  the  higher  degrees  of  combination,  are  distinguished  by  characteristic 
colors. 

Copper  and  gold  might,  on  account  of  analogous  behavior,  be  included 
in  the  eighth  class  ;  although,  according  to  the  constitution  of  their  lower 
oxides,  they  belong  to  the  first  or  monadic  class. 

The  Iron  Group  includes  iron,  nickel,  and  cobalt,  perhaps  also 
manganese,  chromium,  and  cerium.  Iron,  in  the  ferrous  com- 
pounds, is  bivalent ;  in  the  ferric  compounds,  it  may  be  regarded  either 
as  trivalent  or  as  quadrivalent,  ferric  chloride,  for  example,  being  either 
FeCI,  or  FejClg  =  CljFe— FeCl,.  The  vapor-density  of  the  compound  tends 
rather  to  support  the  latter  formula.  Iron  also  forms  salts  called  f  e  r  r  a  t  es , 
analogous  to  the  chromates,  in  whicli  it  is  sexvalent.  Cobalt  forms  two 
series  of  compounds  analogous  to  the  ferrous  and  ferric  compounds  ;  nickel 
is,  for  the  most  part,  bivalent,  but  it  also  forms  a  sesquioxide,  Ni^O,. 
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Manganese,  as  above  mentioned,  is  septivalent  in  its  highest  chloride, 
MnCl^  (the  eompositiou  of  which  is,  however,  somewhat  doubtful),  and  in 
the  permanganates  ;  in  its  other  compounds  it  resembles  iron,  being  biva- 
lent in  the  manganous,  tri-  or  quadrivalent  in  the  manganic  oompoands, 
and  sexvalent  in  the  manganates,  e.  g.,  K^nO^,  which  are  analogous  to 
the  sulphates,  chroma tes,  and  ferrates.  All  these  metals  decompose  water 
at  high  temperatures.  Nickel  and  cobalt  are  magnetic  like  iron,  and 
their  salts  are  isomorphous  with  the  corresponding  iron  compounds. 

Chromium  forms  three  series  of  compounds  analogous  in  composition 
and  in  many  of  their  properties  to  the  ferrous  and  ferric  salts  and  the  fer- 
rates. Chromic  acid,  however,  and  the  corresponding  anhydride  are  very 
stable  compounds  ;  whereas,  ferric  acid  and  the  corresponding  anhydrous 
oxide,  FeO,,  are  unknown,  and  the  ferrates  are  very  unstable.  Cerium, 
is  bivalent  in  the  cerous  salts,  sexvalent  in  eerie  fluoride,  CeF^,  and  forms 
an  oxide,  Ces04  analogous  to  ferroso-ferric  oxide,  Fe^O^,  and  corresponding 
salts. 

Flatinum  Metah, — Platinum,  palladium,  iridinm,  rlTodinm- 
ruthenium,  and  osmium,  form  a  natural  group  of  metals,  occnr- 
ring  together  in  the  metallic  state,  and  resembling  each  other  in  many  of 
their  properties.  Platinum  and  palladium  form  dichlorides  and  tetrachlo- 
rides, with  corresponding  oxides,  viz.,  PtCl,,  PtCl^,  PtO,  PtO,.  Iridium 
forms  a  dichloride,  a  tetrachloride,  and  an  intermediate  chloride,  which 
may  be  regarded  either  as  IrClj  or  as  IrjCl^  =  Cljlr — IrCl,.  Ruthenium 
and  osmium  form  chlorides  similar  in  constitution  to  those  of  iridium ; 
rhodium  only  a  dichloride,  RhCl,,  and  a  trichloride,  Rh^Cl^.  All  these 
metals  form  oxides  analogous  in  composition  to  tlieir  clilorides,  e.  g,,  IrO, 
Ir^Oj,  IrO„  and  likewise  higher  oxides,  iridium  and  rhodium  forming  tri- 
oxides,  IrOj  and  RhO„  and  osmium  and  ruthenium  forming  tetroxides, 
OaO^  and  RuO^ ;  but  there  are  no  chlorides  corresponding  with  these  oxides. 
The  metals  of  the  platinum  group  are  not  acted  upon  by  nitric  acid,  but 
only  by  chlorine  or  nitro-muriatic  acid.  With  the  exception  of  osmium, 
they  do  not  oxidize  in  the  air  at  any  temperature,  and  their  oxides  are  all 
reducible  by  heat  alone.  These  metals,  together  with  gold,  silver,  and 
mercury,  which  likewise  exhibit  the  last-mentioned  character,  are  some- 
times called  noble  metaU. 

The  metals  of  the  alkalies  and  alkaline  earths,  on  account  of  their  infe- 
rior specific  gravity,  are  often  called  light  metals;  the  others,  heavy 
metals. 


Metallic  Chlorides. — All  metals  combine  with  chlorine,  and 
most  of  them  in  several  proportions,  as  above  indicated,  forming  com- 
pounds which  may  be  regarded  as  derived  from  one  or  more  molecules  of 
hydrochloric  acid,  by  substitution  of  a  metal  for  an  equivalent  quantity  of 
hydrogen ;  thus  :— 

From  IICl    are  derived  monochloridea  like  KCl 
**     HjCl,  **  dichlorides  *'    BaCl, 

"     HsCl,  **  trichlorides         "    AuCl, 

"     H^Cl^  "  tetrachlorides     "    SnCl^,  etc.  etc. 

Hydrochloric  acid  may,  in  fact,  be  regarded  as  the  type  of  chlorides  in 
general. 

Several  chlorides  occur  as  natural  products.  So<linm  chloride,  or  com- 
mon salt,  occurs  in  enormous  quantities,  both  in  the  solid  state  as  rock- 
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Bait,  and  dissolved  in  sea-water,  and  in  the  water  of  rivers  and  springs. 
Potassium  chloride  occurs  in  the  same  forms,  but  in  smaller  quantity  ;  the 
chlorides  of  lithium,  caesium,  rubidium,  and  thallium  also  occur  in  small 
quantities  in  certain  spring  waters.  Mercurous  chloride,  Ug^Cl,,  and  silver 
chloride,  AgCl,  occur  as  natural  minerals. 

1.  Chlorides  are  generally  prepared  by  one  or  other  of  the  following 
processes :  (1)  By  acting  upon  the  metal  with  chlorine  gas.  Antimony 
pentachloride  and  copper  dichloride  are  examples  of  chlorides  sometimes 
produced  in  this  manner.  The  chlorides  of  gold  and  platinum  are  usually 
prepared  by  acting  upon  the  metals  with  nascent  chlorine,  developed  by 
hydrochloric  and  nitric  acids.  Sometimes,  on  the  other  hand,  the  metal 
is  in  the  nascent  state,  as  when  titanic  chloride  is  formed  by  passing  a 
current  of  chlorine  over  a  heated  mixture  of  charcoal  and  titanic  oxide. 
The  chlorides  of  aluminium  and  chromium  may  be  obtained  by  similar 
processes. 

2.  Chlorine  gas,  by  its  action  upon  metallic  oxides,  drives  out  the  oxy« 
gen,  and  unites  with  the  respective  metals  to  form  chlorides.  This  reac- 
tion sometimes  take  place  at  ordinary  temperatures,  as  in  the  case  with 
silver  oxide ;  sometimes  only  at  a  red  heat,  as  is  the  case  with  the  oxides 
of  the  alkali-metals,  and  alkaline  earth-metals.  The  hydroxides  and  car- 
bonates of  these  last  metals,  when  dissolved  or  suspended  in  hot  water 
and  treated  with  excess  of  chlorine,  are  converted,  chiefly  into  chlorides, 
partly  into  chlorates. 

3.  Many  metallic  chlorides  are  prepared  by  acting  upon  the  metals  with 
hydrochloric  acid.  Zinc,  cadmium,  iron,  nickel,  cobalt,  and  tin  dissolve 
readily  in  hydrochloric  acid,  with  liberation  of  hydrogen  ;  copper  only  in 
the  strong  boiling  acid ;  silver,  mercury,  palladium,  platinum,  and  gold, 
not  at  all.  Sometimes  the  metal  is  substituted,  not  for  hydrogen,  but  for 
some  other  metal.  Stannous  chloride,  for  instance,  is  frequently  made  by 
distilling  metallic  tin  with  mercuric  chloride  ;  thus :  UgClj  -f"  ^^  ^=  SnCl^-f- 

Hg. 

4.  By  dissolving  a  metallic  oxide,  hydroxide,  or  carbonate  in  hydro- 
chloric acid. 

All  monochlorides  and  dichlorides  are  soluble  in  water,  excepting  silver 
chloride,  AgCl,  and  mercurous  chloride,  HgjCl, ;  lead  chloride,  PbClj,  is 
sparingly  soluble ;  these  three  chlorides  are  easily  formed  by  precipitation. 
Many  metallic  chlorides  dissolve  also  in  alcohol  and  in  ether. 

Most  monochlorides,  dichlorides,  and  trichlorides  volatilize  at  high  tem- 
peratures without  decomposition  ;  the  higher  chlorides  when  heated  give 
off  part  of  their  chlorine.  Some  chlorides  which  resist  the  action  of  heat 
alone  are  decomposed  by  ignition  in  the  air,  yielding  metallic  oxides  and 
free  chlorine :  this  is  the  case  with  the  dichlorides  of  iron  and  manganese ; 
but  most  dichlorides  remain  undecomposed,  even  in  this  case.  All  metal- 
lic chlorides,  excepting  those  of  the  alkali-metals  and  earth-metals,  are 
decomposed  at  a  red  heat  by  hydrogen  gas,  with  formation  of  hydrochloric 
acid  :  in  this  way  metallic  iron  may  be  obtained  in  fine  cubical  crystals. 
Silver  chloride,  placed  in  contact  with  metallic  zinc  or  iron,  under  dilute 
sulphuric  or  hydrochloric  acid,  is  reduced  to  the  metallic  state  by  the 
nascent  hydrogen. 

Sulphuric,  phosphoric,  boric,  and  arsenic  acids  decompose  most  metallic 
chlorides,  sometimes  at  ordinary,  sometimes  at  higher  temperatures.  All 
metallic  chlorides,  heated  with  lead  dioxide  or  manganese  dioxide  and  sul- 
phuric acid,  give  off  chlorine,  e.  (/, : 

2Naa    -f    MnOj    4-    2H.,S04    =    Na-SO^    +    MnSO^    +    2H,0  +  CI,. 
Sodium      MAngnncse       Sulphurlo  Sodium         Mnngnnous 

chloride.      diokide.  acid.  sulphate.         Bulphate. 
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Chlorides  distilled  with  sulphuric  acid  and  potassium  chromate,  yield  a 
dark  bluish-red  distillate  of  chromic  oxychloride.  Some  metallic  chlorides 
are  decomposed  by  wcUer,  forming  hydrochloric  acid  and  an  oxychloride, 
e.  g. :  Bid,  +  H,0  =  2HC1  +  BiClO.  The  chlorides  of  antimony  and 
stannous  chloride  are  decomposed  in  a  smilar  manner. 

All  soluble  chlorides  give,  with  solution  of  silver  nitrate,  a  white  precipi- 
tate of  silver  chloride,  easily  soluble  in  ammonia,  insoluble  in  nitric  acid. 
With  mercuroM  nitrate,  they  yield  a  white  curdy  precipitate  of  mercurous 
chloride,  blackened  by  ammonia;  and  with  lead-salts,  not  too  dilute,  a 
white  precipitate  of  lead  chloride,  soluble  in  excess  of  water. 

Metallic  chlorides  unite  with  each  other  and  with  the  chlorides  of  the 
non-metallic  elements,  forming  such  compounds  as  potassium  chloromer- 
curate,  2KCl.HgCl2,  sodium  chloroplatinate,  2NaCl.PtCl4,  potassium  chlor- 
iodate,  KCl.ICl,,  etc.  Metallic  chlorides  combine  in  definite  proportions 
with  ammonia  and  organic  bases :  the  chlorides  of  platinum  form  with 
ammonia  the  compounds  2NHa.PtCl„  4NH,.PtCl«,  2NH8.PtCl4,  and  4NH,. 
PtCl^ ;  mercuric  chloride  forms  with  aniline  the  compound  2C5lI,N.HgCl2, 
etc. 

Chlorides  also  unite  with  oxides  and  sulphides,  forming  oxyddorides  and 
sulphochlorides,  which  may  be  regarded  as  chlorides  having  part  of  their 
chlorine  replaced  by  an  equivalent  quantity  of  oxygen  or  sulphur  (Cl^  by 
O  or  S).  Bismuth,  for  example,  forms  an  oxychloride  having  the  oomxx)- 
sition  BiClO  or  BiClj.BijO,. 

Bromides . — Bromine  unites  directly  with  most  metals,  forming  com- 
pounds analogous  in  composition  to  the  chlorides,  and  resembling  them  in 
most  of  their  properties.  The  bromides  of  the  alkali-metals  occur  in  sea- 
water  and  in  many  saline  springs ;  silver  bromide  occurs  as  a  natural 
mineral.  Nearly  all  bromides  are  soluble  in  water,  and  may  be  formed  by 
treating  an  oxide,  hydroxide,  or  carbonate,  with  hydrobromic  acid,  the 
solutions  when  evaporated  giving  off  water  for  the  most  part,  and  leaving  a 
solid  metallic  bromide ;  some  of  them,  however,  namely,  the  bromides  of 
magnesium,  aluminium,  and  the  other  earth-metals,  are  more  or  less  de- 
composed by  evaporation,  giving  off  hydrobromic  acid,  and  leaving  a  mix- 
ture of  metallic  bromide  and  oxide.  Silver  bromide  and  mercurous  bro- 
mide are  insoluble  in  water,  and  load  bromide  is  very  sparingly  soluble ; 
these  are  obtained  by  precipitation. 

Metallic  bromides  are  solid  at  ordinary  temperatures ;  most  of  them 
fuse  at  a  moderate  heat,  and  volatilize  at  higher  temperatures.  The  bro- 
mides of  gold  and  platinum  are  decomposed  by  mere  exposure  to  heat ; 
many  others  give  up  their  bromine  when  heated  in  contact  with  the  air. 
Chlorine,  with  the  aid  of  heat,  drives  out  the  bromine  and  converts  them 
into  chlorides.  Hydrochloric  acid  also  decomposes  them  at  a  red  heat,  giving 
off  hydrobromic  acid.  Strong  sulphuric  or  nitric  acid  decomposes  them,  with 
evolution  of  hydrobromic  acid,  which,  if  the  sulphuric  or  nitric  acid  is 
concentrated,  and  in  excess,  is  partly  decomposed,  with  separation  of 
bromine  and  formation  of  sulphurous  oxide  or  nitrogen  dioxide.  Bromides 
heated  with  sulphuric  acid  and  manganese  dioxide  or  potassium  chrotnate,  give 
off  free  bromine. 

Bromides  in  solution  are  easily  decomposed  by  chlorine,  either  in  the 
form  of  gas  or  dissolved  in  water,  the  liquid  acquiring  a  red  or  reddish- 
yellow  color,  according  to  the  quantity  of  bromine  present ;  and  on  agitat- 
ing the  liquid  with  ether,  that  liquid  dissolves  the  bromine,  forming  a  red 
solution,  which  rises  to  the  surface. 

Soluble  bromides  give  with  silver  nitrate  a  white  precipitate  of  silver 
bromide,  greatly  resembling  the  chloride,  but  much  less  soluble  in  am- 
monia, insoluble  in  hot  nitric  acid.    Mercurous  nitrate  produces  a  yellowish- 
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white  precipitate ;  and  lead  acetate^  a  white  precipitate  much  less  soluble 
in  water  than  the  chloride.  Palladium,  nitrate  produces  in  solutions  of  bro- 
mides not  containing  chlorine,  a  black  precipitate  of  bromide.  Palladium 
chloride  produces  no  precipitate  ;  neither  does  the  nitrate,  if  soluble  chlo- 
rides are  present. 

Bromides  unite  with  each  other  in  the  same  manner  as  chlorides  ;  also 
with  oxides,  sulphides,  and  ammonia. 

Iodides. — ^These  compounds  are  obtained  by  processes  similar  to 
those  which  yield  the  chlorides  and  bromides.  Many  metals  unite  directly 
with  iodine.  Potassium  and  sodium  iodides  exist  in  sea-water  and  in  many 
salt-springs  ;  silver  iodide  occurs  as  a  natural  mineral. 

MeUilic  iodides  are  analogous  to  the  bromides  and  chlorides  in  composi- 
tion and  properties.  But  few  of  them  are  decomposed  by  heat  alone  ;  the 
iodides  of  gold,  silver,  platinum,  and  palladium,  however,  give  up  their 
iodine  when  heated. 

Most  metallic  iodides  are  perfectly  soluble  in  water  ;  but  lead  iodide  is 
very  slightly  soluble,  and  the  iodides  of  mercury  and  silver  are  quite  in- 
soluble. 

Solutions  of  iodides  evaporated  out  of  contact  of  air,  generally  leave 
anhydrous  metallic  iodides,  which  partly  separate  in  the  crvstalline  form 
before  the  water  is  wholly  driven  off.  The  iodides  of  the*  earth -metals, 
however,  are  resolved,  on  evaporation,  into  the  earthy  oxides  and  hydri- 
odic  acid  which  escapes.  A  very  small  quantity  of  chlorine  colors  the  solu- 
tion yellow  or  brown,  by  partial  deoomp(»sition ;  and  a  somewhat  larger 
quantity  takes  up  the  whole  of  the  metal,  forming  a  chloride,  and  separates 
the  iodine,  which  then  gives  a  blue  color  with  starch  ;  a  still  larger  quan- 
tity of  chlorine  gives  the  liquid  a  paler  color,  and  converts  the  separated 
iodine  into  trichloride  of  iodine,  which  does  not  give  a  blue  color  with 
starch,  and  frequently  enters  into  combination  with  the  metallic  chloride 
produced.  Strong  sulphuric  acid  and  somewhat  concentrated  nitric  acid  color 
the  solution  yellow  or  brown  ;  and  if  the  quantity  of  the  iodide  is  large, 
and  the  solution  much  concentrated  or  heated,  they  liberate  iodine,  which 
partly  escapes  in  violet  vapor.  Starch  mixed  with  the  solution,  even  if  it 
be  very  dilute,  is  turned  blue — permanently  when  the  decomposition  is 
eifected  by  sulphuric  acid ;  for  a  time  only  when  it  is  effected  by  nitric 
acid,  especially  if  that  acid  be  added  in  large  quantity. 

The  aqueous  solution  of  an  iodide  gives  a  brown  precipitate  with  salts 
of  bismuth;  orange-yellow  with  lead  salts;  dirty-white  with  cuprous  salts, 
and  also  with  cupHc  salts,  especially  on  the  addition  of  sulphurous  acid  ; 
greenish -yellow  with  mercurous  salts  ;  scarlet  with  merctinc  salts  ;  yellowish- 
white  with  silver  salts  ;  lemon-yellow  with  gold  salts  ;  brown  with  platinic 
salts — ^first,  however,  turning  the  liquid  dark-brown-red  ;  and  black  with 
salts  of  palladium^  even  when  extremely  dilute.  All  these  precipitates  con- 
sist of  metallic  iodides,  many  of  them  soluble  in  excess  of  the  soluble 
iodide :  the  silver  precipitate  is  insoluble  in  nitric  acid,  and  very  little 
soluble  in  ammonia. 

Metallic  iodides  unite  with  one  another,  forming  double  iodides,  analo- 
gous to  the  double  chlorides  ;  they  also  absorb  ammonia  gas  in  definite 
proportions.  Some  of  them,  as  those  of  antimony  and  tellurium,  unite 
with  the  oxides  of  the  corresponding  metals,  forming  oxy iodides. 

Flaoridea. — ^These  compounds  are  formed — 1.  By  heating  hydro- 
flaorio  acid  with  certain  metals.  2.  By  the  action  of  that  acid  on  metallic 
oxides.  3.  By  heating  electro-negative  metals — antimony,  for  example— 
with  fluoride  of  lead  or  fluoride  of  mercury.    4.  Volatile  metallic  fluorides 
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ma  J  be  prepared  by  heating  fluor-spar  with  sulphuric  acid,  and  the  oxide 
of  the  metal. 

Fluori<les  have  no  metallic  lustre  ;  most  of  them  are  easily  fusible,  and 
for  the  most  part  resemble  the  chlorides.  They  are  not  decomposed  by 
ignition,  either  alone  or  when  mixed  with  charcoal.  When  ignited  in  con- 
tact with  tlie  air,  in  a  flame  which  contains  aqueous  vapor,  many  of  them  are 
converted  into  oxides,  while  the  fluorine  is  given  off  as  hydrofluoric  acid. 
All  fluorides  are  decomposed  by  ddorincj  and  converted  into  chlorides. 
They  are  not  decomposed  by  phosphoric  oxide,  unless  silica  is  present.  They 
are  decomposed  at  a  gentle  heat  by  strong  sulphuric  acid,  with  formation  of 
a  metallic  sulphate  and  evolution  of  hydrofluoric  acid. 

The  fluorides  of  tin  and  silver  are  easily  soluble  in  water ;  those  of 
potassium,  sodium,  and  iron  are  sparingly  soluble ;  those  of  strontium 
and  cadmium  very  slightly  soluble,  and  the  rest  insoluble.  The  solutions 
of  ammonium,  potassium,  and  sodium  fluoride  have  an  alkaline  reaction. 
The  aqueous  solutions  of  fluorides  corrode  glass  vessels  in  which  they  are 
kept  or  evaporated.  They  form,  with  soluble  caiciumsaUs,  a  precipitate 
of  calcium  fluoride,  in  the  form  of  a  transparent  jelly,  which  is  scarcely 
visible,  because  its  refractive  power  is  nearly  the  same  as  that  of  the 
liquid ;  the  addition  of  ammonia  makes  it  plainer.  This  precipitate,  if  it 
does  not  contain  silica,  dissolves  with  difliculty  in  hydrochloric  or  nitric 
acid,  and  is  re-precipitated  by  ammonia.  The  aqueous  fluorides  give  a 
pulverulent  precipitate  with  lead  acetate. 

The  fluorides  of  antimony,  arsenic,  chromium,  mercury,  niobium,  os- 
mium, tantalum,  tin,  titanium,  tungsten,  and  zinc  are  volatile  without 
decomposition. 

Fluorine  has  a  great  tendency  to  form  double  salts,  consisting  of  a  fluo- 
ride of  a  basic  or  positive  metal  united  with  the  fluoride  of  hydrogen,  boron, 
silicon,  tin,  titanium,  zirconium,  etc.,  e.  </. — 

Potassium  hydrofluoride  .  .  .  KHF,    ^  EF.HF 

Potassium  borofluoride  •  .  .  KBF4     =s  KF.BFj 

Potassium  silicofluoride  .  .  .  KySlF,  =»  2KF.SiF4 

Potassium  titanofluoride  .  .  .  K^TiF,  =  2KF.TiF4 

Potassium  stannofluoride  .  .  .  KgSnF,  ==  iKF.SnF^ 

Potassium  zircofluoride  •  .  .  K^rF^  as  ^KF.ZrF^. 

The  four  classes  of  compounds  just  described,  the  chlorides,  bromides, 
iodides,  and  fluorides,  form  a  group  often  designated  as  haloid  com- 
pounds or  haloid*  salts,  from  their  analogy  to  sodium  chloride  or 
sea  salt,  which  may  bo  regarded  as  a  type  of  them  all.  The  elements, 
chlorine,  bromine,  iodine,  and  fluorine,  arc  called  halogens. 

Cyanides.— Closely  related  to  these  haloid  compounds  are  the  cyan- 
ides, formed  by  the  union  of  metals  with  the  group  CN,  cyanogen,  which 
is  a  monatomic  radicle  derived  from  the  saturated  molecule,  C=^N — II 
(hydrocyanic  acid),  by  abstraction  of  II ;  in  short,  the  cyanides  may  be 
regarded  as  chlorides  having  the  element  CI  replaced  by  the  compound 
radicle  CN  (p.  175). 

Some  metals — potassium  among  the  number — are  converted  into  cyan- 
ides by  heating  tliem  in  cyanogen  gas  or  vapor  of  hodrocyanic  acid.  The 
cyanides  of  the  alkali-metals  are  also  formed  (together  with  cyanates)  by 
passing  cyanogen  gas  over  the  heated  hydroxides  or  carbonates  of  the 
same  metals  ;  potassium  cyanide  also,  by  passing  nitrogen  gas  over  a  mix- 
ture of  charcoal  and  hydroxide  or  carbonate  of  potassium  at  a  bright  red 

*  From  aX(,  the  sea. 


r 
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beat.  Cyanides  are  formed  abundantly  when  nitrogenous  organic  com- 
pounds are  heated  with  fixed  alkalies.  Other  modes  of  formation  will  be 
mentioned  hereafter. 

The  cyanides  of  the  alkali-metals,  and  of  barium,  strontium,  calcium, 
magnesium,  and  mercury,  are  soluble  in  water,  and  may  be  produced  by 
treating  the  corresponding  oxides  or  hydroxides  with  hydrocyanic  acid. 
Nearly  all  other  metallic  cyanides  are  insoluble,  and  are  obtained  by  pre- 
cipitation from  the  soluble  cyanides. 

The  cyanides  of  the  alkali-metals  sustain  a  red  heat  without  decompo- 
sition, provided  air  and  moisture  be  excluded.  The  cyanides  of  many 
of  the  heavy  metals,  as  lead,  iron,  cobalt,  nickel,  and  copper,  under  these 
circumstances,  give  off  all  their  nitrogen  as  gas,  and  leave  a  metallic  car- 
bonate ;  mercuric  cyanide  is  resolved  into  mercury  and  cyanogen  gas ; 
silver  cyanide  gives  off  half  its  cyanogen  as  gas.  Most  cyanides,  when 
heated  with  dilute  acids,  give  off  their  cyanogen  as  hydrocyanic  acid. 

Cyanides  have  a  strong  tendency  to  unite  with  one  another,  forming 
double  cyanides.  The  most  important  of  these  are  the  double  cyan- 
ides of  iron  and  potassium,  namely,  potassio-ferrotu  cyanide^  Fe"K4(CN)0, 
oonunonly  called  yellow  prussiate  of  potash ;  and  potcusia-ferric  cyanide, 
Fe'''£3(CN)Q,  commonly  called  red  prussiate  of  potash.  Both  these  are 
splendidly  crystalline  salts,  which  dissolve  easily  in  water,  and  form 
highly  characteristic  precipitates  with  many  metallic  salts.  These  salts, 
with  the  other  cyanides,  will  be  more  fully  described  under  '*  Organic 
Chemistry;"  but  they  are  mentioned  here,  on  account  of  their  frequent 
use  in  the  qualitative  analysis  of  metallic  solutions. 

Oxide  a. — All  metals  combine  with  oxygen,  and  most  of  them  in 
several  proportions.  In  almost  all  cases  oxides  are  formed  corresponding 
in  composition  with  the  chlorides,  one  atom  of  oxygen  taking  the  place  of 
two  atoms  of  chlorine.  Many  metals  also  form  oxides  to  which  no  chlorine 
analogues  are  known ;  thus  lead,  which  forms  only  one  chloride,  PbCl,, 
forms,  in  addition  to  the  monoxide,  PbO,  a  dioxide,  PbO,,  besides  oxides 
of  intermediate  composition ;  osmium  also,  the  highest  chloride  of  which 
is  OsClf,  forms,  in  addition  to  the  dioxide,  a  trioxide  and  a  tetroxide. 
Tliis  arises  from  the  fact  that  any  number  of  atoms  of  oxygen  or  other 
dyad  element  may  enter  into  a  compound  without  disturbing  the  balance 
of  equivalency  (p.  237). 

Just  as  chlorides  are  derived  by  substitution  from  hydrochloric  acid, 
HCl  (p.  277),  so  likewise  may  oxides  be  derived  from  one  or  more  mole- 
cules of  water,  H,0  ;  but  as  the  molecule  of  water  contains  two  hydrogen- 
atoms,  the  replacement  of  the  hydrogen  may,  as  already  explained  (p. 
223),  be  either  total  or  partial,  the  product  in  the  first  case  being  an  an- 
hydrous metallic  oxide,  and  in  the  second  a  hydrated  oxide  or  hydroxide, 
in  which  the  oxygen  is  associated  both  with  hydrogen  and  with  metal ; 
in  this  manner  the  following  hydroxides  and  anhydrous  oxides  may  be 
constituted : — 

Type. 

HjO         •         •         ■         ■ 

U^O|        •         •  •         I 

HgOj        ■         •  •         I 

UgOx         •  •  •  < 

HipO^       ■  •  •  ' 


Hydroxides. 
KHO 

Ba"H,0, . 
Bi'"HO, 

Oxides. 

.     K,0 

Ba"0 
.     Sn>'Oj 

As'HO,    . 
Sn«»Hgbj 

.     Sb'",0, 

Zr*^H^04 

.                        .                     a 

24» 

.     Sb^Oj . 
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It  may  be  observed  that  the  hydroxides  of  artiad  metals  contain  the 
elements  of  a  molecule  of  the  corresponding  anhydrous  oxide,  and  of  one 
or  more  molecules  of  water,  and  may  therefore  also  be  regarded  as  hy- 
drates :  thus — 

Barium  hydroxide  or  hydrate    .         .     Ba"H,0,  =  Ba"O.H,0 
Stannic  "  "  .         •     Sn»mA  =  Sn«'0,.H,0 

Zirconium.     '*  "  •         •     Zr^m.O,  =^  ZT^-0,,2Hfi . 

But  the  hydroxide  of  a  perissad  metal  contains  in  its  molecule  only  half 
the  number  of  atoms  required  to  make  up  a  molecule  of  oxide  together 
with  a  molecule  of  water  ;  thus — . 

Potassium  hydroxide     .         .         •     KHO        «=  ^  (K,O.H,0) 
Bismuth  hydroxide        .         .         .     Bi'"HO,  =  i  (Bi'"A.H,0) 
Arsenic  hydroxide  .         .         .     As'HO,    =  }  (As'jOj.HjO)  . 

These  perissad  hydroxides  cannot,  therefore,  be  correctly  regarded  as  hy- 
drates, that  is,  as  compounds  of  anhydrous  oxide  and  water. 

Many  metallic  oxides  occur  as  natural  minerals,  and  some,  especially 
those  of  iron,  tin,  and  copper,  in  large  quantities,  forming  ores  from  which 
the  metals  are  extracted.  •,        i      . 

All  metals,  except  gold,  platinum,  iridium,  rhodium,  and  ruthenium, 
are  capable  of  uniting  directly  with  oxygen.  Some,  as  potassium,  sodium, 
and  barium,  oxidize  rapidly  on  exposure  to  the  air  at  ordinary  tempera^ 
tures,  and  decompose  water  with  energy.  Most  meUls,  however,  when  in 
the  massive  state,  remain  perfectly  bright  and  unacted  on  in  dry  air  or 
oxycren  gas,  but  oxidize  slowly  when  moisture  is  present ;  such  is  the  case 
with  iron,  zinc,  and  lead.  Some  of  the  ordinarily  permanent  metals,  when 
in  a  very  finely  divided  state,  as  lead  when  obtained  by  ignition  of  its  tar- 
trate, and  iron  reduced  from  its  oxide  by  ignition  in  hydrogen  gas,  take 
fire  and  oxidize  spontaneously  as  soon  as  they  come  in  contact  with  the 
air.  Lead,  iron,  copper,  and  the  volatile  metals,  arsenic,  antimony,  zinc, 
cadmium,  and  mercury,  are  converted  into  oxides  when  heated  in  air  or 
oxygen.  Many  metals,  especially  at  a  red  heat,  are  readily  oxidized  by 
water  or  steam.  A  very  general  method  of  preparing  metallic  oxides  is  to 
subject  the  corresponding  hydroxides,  carbonates,  nitrates,  sulphates,  or 
any  oxygen-salts  containing  volatile  acids,  to  the  action  of  heat. 

Oxides  are  for  the  most  part  opaque  earthy  bodies,  destitute  of  metallio 
lustre.  The  majority  of  them  are  fusible  ;  those  of  lead  and  bismuth  at  a 
low  red  heat ;  those  of  copper  and  iron  at  a  white  heat ;  those  of  barium 
and  aluminium  before  the  oxy -hydrogen  blow-pipe  ;  while  calcium  oxide 
or  lime  does  not  fuse  at  any  temperature  to  which  it  has  yet  been  sub- 
jected. Oxides  are,  for  the  most  part,  much  leas  fusible  than  the  uncom- 
bined  metals.  Osmium  tetroxide,  and  the  trioxides  of  arsenic  and  anti- 
mony, are  readily  volatile. 

A  greater  or  lesser  degree  of  heat  effects  the  decomposition  of  many  me- 
tallio oxides.  Those  of  gold,  platinum,  silver,  and  mercury  are  reduced 
to  the  metallic  or  reguline  state  by  an  incipient  red  heat.  At  a  somewhat 
higher  temperature,  the  higher  oxides  of  barium,  cobalt,  nickel,  and  lead 
are  reduced  to  the  state  of  monoxides  ;  while  the  trimetallic  tetroxidea  of 
manganese  and  iron,  MujO^  and  Fe^O^,  are  produced  by  exposing  manga- 
nase  dioxide,  MnOj,  and  iron  seaqnioxide,  Fe-P,,  respectively  to  a  still 
stronger  heat.  By  gentle  ignition,  arsenic  pentoxide  is  reduced  to  the 
state  of  trioxide,  and  chromium  trioxide  to  sesquioxide. 

The  superior  oxides  of  the  metals  are  easily  reduced  to  a  lower  state  of 
oxidation  by  treatment  with  a  current  of  ki/dropen  gas  at  a  more  or  less 
elevated  temperature.  At  a  higher  degree  of  heat,  hydrogen  gas  will  trans- 
form to  the  reguline  state  all  metallic  oxides  except  the  sesquioxides  of 
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aluminium  and  cbromiam,  and  the  monoxides  of  manganese,  magnesium, 
barium,  strontiam,  calcium,  lithium,  sodiuui,  and  potassium.  The  tem- 
perature necessary  to  enable  hydrogen  to  elt'ect  the  decomposition  of  some 
oxides  is  comparatively  low.  Thus  metallic  iron  may  be  reduced  from  its 
oxides  by  hydrogen  gas  at  a  heat  considerably  below  redness.  Carbon^  at 
a  red  or  white  heat,  is  a  still  more  powerful  deoxidating  agent  than  hydro- 
gen, and  seems  to  be  capable  of  completely  reducing  all  metallic  oxides 
whatsoeyer.     The  oxidizable  metals  in  general  act  as  reducing  agents. 

Chlorine  decomposes  all  metallic  oxides,  except  those  of  the  earth-metals, 
converting  them  into  chlorides,  and  expelling  the  oxygen.  With  silver 
oxide  this  reaction  takes  place  at  ordinary  temperatures  ;  with  the  alkalies 
and  the  alkaline  earths,  at  a  full  red  heat.  Sulphur ,  at  high  temperatures, 
can  decompose  most  metallic  oxides  ;  with  many  oxides — those  of  silver, 
mercury,  lead,  and  copper,  for  instance — metallic  sulphides  and  sulphur 
dioxide  are  produced ;  with  the  highly  basylous  oxides,  the  products  are 
metallic  sulphate  and  sulphide.  There  are  some  oxides  upon  which  sul- 
phur exerts  no  action.  Of  these  the  principal  are  magnesia,  alumina,  chro- 
mic, stannic,  and  titanic  oxides.  By  boiling  sulphur  with  soluble  hydrox- 
ides, mixtures  of  polysulphide  and  thiosulphate  are  produced.  With  the 
exception  of  magnesia,  alumina,  and  chromic  oxide,  most  metallic  oxides 
can  absorb  sulphuretted  hydrogen,  to  form  metallic  sulphide  or  hydrosul- 
phide  and  water. 

Ozygen-ealtB  or  OzysaltB. — It  has  been  already  explained  in 
the  chapter  on  Oxygen  (p.  125)  that  oxides  may  be  divided  into  three 
classes,  acidf  neutral^  and  basic;  the  first  and  third  being  capable  of  uniting 
with  one  another  in  definite  proportions,  and  forming  compounds  called 
salts.  The  most  characteristic  of  the  acid  oxides  are  those  of  certain 
metalloids,  as  nitrogen,  sulphur,  and  phospliorus,  which  unite  readily 
with  water  or  the  elements  of  water,  forming  compounds  called  oxygen- 
acids,  distinguished  by  sour  taste,  solubility  in  water,  and  the  power  of 
reddening  certain  vegetable  blue  colors.  The  most  characteristic  of  the 
basic  oxides,  on  the  other  hand,  are  those  of  the  alkali-metals  and  alka- 
line earth-metals  (p.  273),  which  likewise  dissolve  in  water,  but  form 
alkaline  solutions,  possessing  in  an  eminent  degree  the  power  of  neutraliz- 
ing acids  and  forming  salts  with  them.  The  same  power  is  exhibited  more 
or  less  by  the  monoxides  of  most  other  metals,  as  zinc,  iron,  copper  man- 
ganese, etc.,  and  by  the  sesquioxides  of  aluminium,  iron,  chromium,  and 
others.  The  higher  oxides  of  several  of  these  metals — ^the  trioxides  of 
chromium,  for  example— exhibit  acid  characters,  being  capable  of  forming 
salts  with  the  more  basic  oxides  ;  and  some  metals,  as  arsenic,  antimony, 
niobium,  and  tantalum,  form  only  acid  oxides. 

In  some  cases  salts  are  formed  by  the  direct  combination  of  an  acid  and 
a  basic  oxide.  Thus,  when  vapor  of  sulphuric  oxide,  SOg,  is  passed  over 
red-hot  barium  oxide,  BaO,  the  two  combine  together,  and  form  barium 
sulphate,  BaO.SOj  or  BaS04.  Silicic  oxide,  SiOj,  phosphoric  oxide,  P2O5, 
boric  oxide,  B^O,,  and  other  acid  oxides  capable  of  withstanding  a  high 
temperature  without  decomposing  or  volatilizing,  likewise  unite  with  basic 
oxides  when  heated  with  them,  and  form  salts. 

But  in  the  majority  of  cases  metallic  salts  are  formed  by  substitution,  or 
interchange  of  metal  for  hydrogen,  or  of  one  metal  for  another.  It  is  clear, 
indeed,  that  any  metallic  salt  (zinc  sulphate,  ZnO.SOj,  for  example)  may 
be  derived  from  the  corresponding  acid  or  hydrogen  salt  (HjO.SOj)  by  sub- 
stitution of  a  metal  for  an  equivalent  quantity  of  hydrogen.  Accordingly, 
metallic  salts  are  frequently  produced  by  the  action  of  an  acid  on  a  metal 
or  a  metallic  oxide  or  hydroxide,  thus — 
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(1)  H^O, 
Hydrogen 
■ulphate. 

(2)  2HN0, 
Hydrogen 

nitrate. 

(3)  HNO, 
Hydrogen 

nitrate. 


+         Zn        s 


+  Ag,0 
Silver 
oxide. 

+        KHO 
PotaiBlum 
hydroxide. 


ZnSO^ 

Zinc 

■ulphate. 

2AgN0, 
Silver 
nitrate. 

KNO, 
Potassium 
nitrate. 


+ 


H,0. 
Water. 

H,0. 
Water. 


In  the  instances  represented  bj  these  eqnations,  the  metallic  salts  formed 
are  soluble  in  water.  Insoluble  salts  are  frequently  prepared  by  inter- 
change of  the  metals  between  two  soluble  salts  ;  thus — 

+ 


(4)    Ba(NO,),      +     Na^, 
Barium  Sodium 

nitrate.  sulphate. 


BaSO^ 

Barium 

sulphate. 


2NaN0,. 

Sodium 

nitrate. 


In  this  case  the  barium  snlphate,  being  insoluble,  is  precipitated,  while 
the  sodium  nitrate  remains  in  solution. 

In  all  these  reactions,  hydrochloric  acid  or  a  metallic  chloride  might  be 
substituted  for  the  oxygen-acid  or  oxygen-salt,  without  the  slightest  alter- 
ation in  the  mode  of  action,  the  product  formed  in  each  case  being  a  chlo- 
ride instead  of  a  nitrate  or  sulphate ;  thus — 


(1)'  2HC1  +  Zn 

(2)'  2HC1  +  Ag,0 

(3)'  HCl  4-  KHO 

(4)  AgNO,  -f  NaCl 


ZnCl,  4-  H, 

2AgCl  +  H,0 

KCl  -f  H,0 

AgCl  +  NaNO,. 


From  all  these  considerations  it  appears  that  oxygen-salts  may  be  re- 
garded, either  as  compounds  of  acid  oxides  with  basic  oxides,  or  as  analo- 
gous in  composition  to  chlorides, — that  is  to  say,  as  compounds  of  a  metal 
with  a  radicle  or  group  of  elements,  such  as  NO,  (jiitrione)  in  the  nitrates, 
SO4  {sulphione)^  in  the  sulphates,  discharging  functions  similar  to  those  of 
chlorine,  and  capable,  like  that  element,  of  passing  unchanged  from  one 
compound  to  another. 

For  many  years,  indeed,  it  was  a  subject  of  discussion  among  chemists, 
whether  the  former  or  the  latter  of  these  views  should  be  regarded  as  re- 
presenting the  cuUual  constitution  of  oxygen-salts.  Berzelins  divided  salts 
into  two  classes  :  1.  Haloid  salts,  comprising,  as  already  mentioned, 
the  chlorides,  bromides,  iodides,  and  fluorides,  which  are  compounds  of  a 
metal  with  a  monad  metallic  element.  2.  Amphid  salts,  consisting 
of  an  acid  or  electro-negative  oxide,  sulphide,  selenide,  or  telluride,  with 
a  basic  or  electro-positive  compound  of  the  same  kind  ;  such  as  potassium 
arsenate,  dK^O.ASjO^;  potassium  sulpharsenate,  SK^S.ASgS^;  potassium 
seleniophosphate,  2K,Se.P^e5,  etc. 

Davy,  on  the  other  hand,  observing  the  close  analogy  between  the  re* 
actions  of  chlorides,  on  the  one  hand,  and  of  oxygen  salts,  such  as  sul- 
phates, nitrates,  etc.,  on  the  other,  suggested  that  the  latter  might  be  re- 
garded, like  the  former,  as  compounds  of  metals  with  acid  electro-negative 
radicles,  the  only  difference  being,  that  in  the  former  the  acid  radicle  is 
an  elementary  body,  CI,  Br,  etc.,  whereas  in  the  latter  it  is  a  compound, 
as  SO4,  NO,,  PO4,  etc.  This  was  called  the  binary  theory  of  salts;  it  was 
supported  by  many  ingenious  arguments  by  its  proposer  and  several  con- 
temporary chemists ;  in  later  years  also  by  Liebig,  and  by  Daniell  and 
Miller,  who  observed  that  the  mode  of  decomposition  of  salts  by  the  elec- 
tric current  is  more  easily  represented  by  this  theory  than  by  the  older 
one  (p.  260). 
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At  the  present  day,  the  relative  merits  of  these  two  theories  are  not  re- 
garded aa  a  point  of  very  great  importance.  Chemists,  in  fact,  no  kmger 
attempt  to  construct  formulae  which  shall  represent  the  actual  arnuige- 
ment  of  atoms  in  a  compound,  the  formulsB  now  in  use  being  rather  in- 
tended to  exhibit,  first,  the  balance  or  neutralization  of  the  units  of 
equivalency  or  atomicity  of  the  several  elements  contained  in  a  compound 
(p.  233)  ;  and,  secondly,  the  manner  in  which  any  compound  or  group  of 
atoms  splits  up  into  subordinate  groups  under  tike  influence  of  diflferent 
reagents.  According  to  the  latter  view,  a  compound  containing  three  or 
more  elementary  atoms  may  be  reprt»sented  by  difl'erent  forraulsB  corre- 
sponding with  the  several  ways  in  which  it  decomposes.  Thu^  hydrogen 
sulphate  or  sulphuric  acid,  H^SO^,  may  be  represented  by  either  of  the 
following  formulae : — 

1.  Hj.SO^,  which  represents  the  separation  of  hydrogen  and  formation 
of  a  metallic  sulphate,  by  the  action  of  zinc,  etc. ;  this  is  the  formula  cor- 
responding with  the  binary  theory  of  salts. 

2.  SOj.HjO.  This  formula  represents  the  formation  of  the  acid  by  direct 
hydration  of  sulphuric  oxide  ;  the  separation  of  water  and  formation  of  a 
metallic  sulphate  by  the  action  of  magnesia  and  other  anhydrous  oxides  ; 
and  the  separation  of  sulphuric  oxide  and  formation  of  phosphoric  acid  by 
the  action  of  phosphoric  oxide  : — 

SOj.HjO  4-  MgO  =  SOs.MgO  +  H^O 
SO,.H,0  +  PjOj  =  pA-U.0  +  SO,  . 

3.  SO,.02H2,  or  S02(OH)2.  This  formula  represents  such  reactions  as 
the  elimination  of  hydrogen  dioxide  by  the  action  of  barium  dioxide,  BaO^. 

4.  SHg.O^.  This  fonnula  represents  the  formation  of  sulphuric  acid  by 
direct  oxidation  of  hydrogen  sulphide,  SU,,  and  the  elimination  of  the 
latter  by  the  action  of  ferrous  sulphide  : — 

SHj.O^  +  FeS  =  FeSO^  +  SH, . 

Formulie  of  the  third  of  these  types,  like  SOaCOH)^,  which  represent 
oxygen-acids  as  compounds  of  hydroxy  1  with  certain  acid  radicles,  as 
SOj"  (sulphuryl),  CO"  (carbonyl),  PO'"  (phosphoryl),  etc.,  correspond 
with  a  great  variety  of  reactions,  and  are  of  very  frequent  use.  They 
exhibit  in  particular  the  relation  of  the  oxygen-acids  (hydroxylates)  to 
the  corresponding  chlorides,  e.  g, : — 

(SO^XOH).  (S02)C1, 

Sulphuric  aoid.  Sulphuric  chloride. 

(PO)(OH)s  (PO)Cl. 

Phosphoric  add.  Phosphoric  chloride. 

Bandty  of  Adds. — Normal^  Acid  and  Double  Salts, — Acids  are  monobasic, 
bibasic,  tribasic,  etc.,  according  as  they  contain  one  or  more  atoms  of  hy- 
drogen replaceable  by  metals  ;  thus  nitric  acid,  HNO,,  and  hydrochloric 
acid,  HCl,  are  monobasic;  sulphuric  acid,  HjSO^,  is  bibasic;  phosphoric 
acid,  HjPO^,  is  tribasic. 

Monobasic  acids  form  but  one  class  of  salta  by  substitution,  the  metal 
taking  the  place  of  the  hydrogen  in  one,  two,  or  three  molecules  of  the 
acid,  according  to  its  equivalent  value  or  atomicity;  thus  the  action  of 
hydrochloric  acid  on  sodium,  zinc,  and  aluminium  is  represented  by  the 
equations  : — 

HCl  -f  Na  =  NaCl  +  H 
2HC1  -f  Zn  =  ZnClj  -f  Hj 
3HCI  +  Al   =  AICI3  +  Hj , 
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and  that  of  nitric  acid  on  the  hydroxides  of  the  same  metals  hy  the  equa- 
tions : — 

HNO3  4-  Na(HO)  =  NaNO,  +  H(HO) 
21IN0,  -f-  Ba(HO)j  =  BaCNO,),  +  2H(H0) 
3HN0j  +  Al(UO),  =  A1(N0,),  +  3H(H0)  . 

Bibasic  acids,  on  the  other  hand,  form  two  classes  of  salts,  viz.,  primary 
or  acid  salts,  in  which  half  the  hydrogen  is  replaced  hy  a  metal ;  and 
secondary  saltSy  in  wliich  the  whole  of  the  hydrogen  is  thns  replaced,  the 
salt  being  called  normal  or  neutral^  if  it  contains  one  metal,  and  double  if  it 
contains  two  metals  ;  thus  :— > 

From  H,SO,  is  derived  KHSO,  i  hydro-potassic  sulphate,  primary,  or 

j«  4  «  v*.«  ATc^  1XXXWV74  I     ^^^  potassium  sulphate, 

1v  SO  i  ^^P^^i^B^^    sulphate,   secondary,   or 

^     *  (     normal  sulphate. 


II  ^^  it 


BaS04  barium  sulphate, 

2X1,804        "       NaK3(S04),        sodio-tripotassic  sulphate, 

KA1(S04)^         potassio-aluminic  sulphate. 


tt        i'i     '        (I 


**    311,804        ''       Alj|(S04),  normal  aluminium  sulphate. 

Tribasic  acids  in  like  manner  form  two  classes  of  acid  salts,  primary  or 
secondary,  according  as  one-third  or  two-tliirds  of  the  hydrogen  is  replaced 
by  a  metal;  also  tertiary  saltSy  including  normal  and  double  or  triple  salts,  in 
which  the  hydrogen  is  wholly  replaced  by  one  or  more  metals ;  in  quadri- 
basic  acids  the  variety  is  of  course  still  greater. 

The  use  of  the  terminations  ous  and  ic,  as  applied  to  salts,  has  already 
been  explained.  We  have  only  further  to  observe  in  this  place  that  when 
a  metal  forms  but  one  class  of  salts,  it  is  for  the  most  part  better  to  desig- 
nate those  salts  by  the  name  of  the  metal  itself  than  by  an  adjective  end- 
ing in  ic;  thus  potassium  nitrate,  and  lead  stdphate,  are  mostly  to  be  preferred 
to  potassic  nitrate  and  plumbic  sulphate.  But  in  naming  double  salts,  and  in 
many  cases  where  a  numeral  prefix  is  required,  the  names  ending  in  ic 
are  more  euphonious  ;  thus  triplumbic  phosjihate  sounds  better  than  trilead 
phosphate,  and  hydrodisodic  phosphate  is  certainly  better  than  hydrogen  and 
disodium  phosphate;  but  there  is  no  occasion  for  a  rigid  adherence  to  either 
system. 

All  oxygen-salts  may  also  be  represents  as  compounds  of  an  acid  oxide 
with  one  or  more  molecules  of  the  same  or  dilTerent  basic  oxides,  including 
water,  e.  g, : 

Hydro-potassic  sulphate,       2HK(804)       =  H,0.K,0.2S0j 
Sodio-tripotassic  sulphate,     2NaK3(S04),  =  Nag0.3K,0.4S0, 
Potassio-aluminic  sulphate,  2KAl(S04)j    =  K2O.AlaO8.4SO, 
Hydrodisodic  phosphate,        2HNa,(P04)  =  Uj0.2NajO.P,05. 

When  a  normal  oxygen-salt  is  thus  formulated,  it  is  easy  to  see  that  the 
number  of  molecules  of  acid  oxide  contained  in  its  molecule  is  equal  to  the 
number  of  oxygen-atoms  in  the  base  ;  thus  : 

Normal  potassium  sulphate,   K2SO4         ^  KjO.SO, 
**      barium  sulphate,        BaS04        =  BaO.SOg 
"      stannic  sulphate,         SnCSO^),   =  Sn02.2SO, 
*'      aluminium  sulphate,  Al2(S04),  ss  AlgOj.SSO,. 

When  the  proportion  of  acid  oxide  is  less  than  this,  the  salt  is  called 
basic;  such  salts  may  be  regarded  as  compounds  of  a  normal  salt  with 
one  or  more  molecules  of  basic  oxide,  or  as  derived  from  normal  salts  by  sub- 
stitution of  oxygen  for  an  equivalent  quantity  of  the  acid  radicle ;  thus : 
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Tribasic  lead  nitrate,     SPbCNaOj     =  Pb(N05),.2PbO    =  PbjCNOa)^©, 
"^"tll^'sSK"""}^^^^^  =  3A1A.A1,(S0J,  «  Al3(S0,),0,. 

The  last  mode  of  formulation  exhibits  the  analogy  of  these  basic  0x7- 
salts  to  the  oxjchlorides,  oxyiodides,  etc.  ;  thus  the  basic  lead  nitrate, 
Pb^(N03)20g,  just  mentioned,  is  analogous  to  the  oxychloride  of  that  metal, 
PbgCl^Oj,  which  occurs  native  as  mendipite. 

The  terms  basic  and  acid  are  sometimes  applied  to  salts  with  reference 
to  their  action  ou  vegetable  colors.  The  normal  salts  formed  by  the  union 
of  the  stronger  acids  with  the  alkalies  and  alkaline  earths,  such  as  potas- 
sium sulphate,  K,S04,  barium  nitrate,  BaCNO,)^,  etc.,  are  perfectly  neutral 
to  vegetable  colors,  but  most  other  normal  salts  exhibit  either  an  acid  or 
an  alkaline  reaction  ;  thus  ferrous  sulphate,  cupric  sulphate,  silver  nitrate, 
and  many  others,  redden  litmus,  while  the  normal  carbonates  and  phos- 
phates of  the  alkali-metals  exhibit  a  decided  alkaline  reaction.  It  is  clear, 
then,  that  the  action  of  a  salt  on  vegetable  colors  bears  no  definite  relation 
to  its  composition :  hence  the  term  normal ^  as  applied  to  salts  in  which  the 
basic  hydrogen  of  the  acid  is  wholly  replaced,  is  preferable  to  neutral^  and 
the  terms  basic  and  acid,  as  applied  to  salts,  are  best  used  in  the  manner 
above  explained  with  reference  to  their  composition. 

When  a  normal  salt  containing  a  monoxide  passes  by  oxidation  to  a  salt 
containing  a  sesquioxide,  dioxide,  or  trioxide,  the  quantity  of  acid  present 
is  no  longer  sufficient  to  saturate  the  base.  Thus,  when  a  solution  of  fer- 
rous sulphate,  FeSO^,  or  FeO.SO,  (common  green  vitriol),  is  exposed  to  the 
air,  it  absorbs  oxygen,  and  an  insoluble  ferric  salt  is  produced  containing 
an  excess  of  base,  while  normal  ferric  sulphate  remains  in  solution  : 


4(FeO.SO,)     +     0,    = 
Ferrous  sulphate. 


FejOg-SSO, 

Normal  ferric 

sulphate. 


-f     FcjOa.SO,. 
Basic  ferrio 
sulphate. 


These  basic  salts  are  very  often  insoluble  in  water. 

Salts  containing  a  proportion  of  acid  oxide  larger  than  is  sufficient  to 
form  a  neutral  compound  are  called  anhydro-salts  (sometimes,  though 
improperly,  acid  salts)  ;  they  may  evidently  be  regarded  LS  compounds  of 
a  normal  salt  with  excess  of  acid  oxide  ;  e,  g, : 


Sodium  anhydrosnlphate*  )  Na,0.(SO,), 

(bisulphate  of  soda),  ^     "-a     v     5/2 

Potassium  anhydrochromate  )  ir  f^  /rrf\  ^ 

(bichromate  <rf  potash),  )  r^^-Ky^ryj^Jt 


Na,(SO,)SO, 
Kj(Cr04).CrO,. 


The  following  is  a  list  of  the  most  important  inorganic  acids  arranged 
according  to  their  basicity  : — 


Monobasic  Acids. 

Hydrochloric 

.    HCT 

Boric     . 

.    HBO, 

Hydrobromio 

.    HBr 

Antimonic 

.     HSbOj 

Hydriodic 

.     HI 

Hypochlorous 

.     HCIO 

Hydrofluoric 

.     HF 

Chlorous 

.     HClOj 

Nitrons 

.    HNO, 

Chloric . 

.     HCIO, 

Nitric    . 

.    HNOs 

Perchloric 

.     HCIO4 

Hyposulphurous    . 

.     H.SHO, 

Bromic . 

.     HBrO, 

Hypophosphorooa 

.     H(PHA) 

Iodic 

.     HIO, 

Metaphosphorio     . 

.    HPO, 

Periodic 

.     HIO4 

*  The  so-called  "  anhydrosulphates*'  are  now  regarded  as  salts  of  a  distinct  acid, 
pyrosulphurio  acid,  HaSaOj  (p.  197). 
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Bibasic  Adds. 

Hydric  (water) 

.     H,0 

Sclenious 

TTjSeO, 

Sulphydrio    . 

.     HjS 

Sclenic . 

HjSeO^ 

Selenliydrio  . 

.     H,Se 

Tellurous 

HJeO, 

Tellurh/drio 

.     HjTe 

Telluric 

HJeO^ 

Sulpharou.s  . 

.     HjSO, 

Manganic 

HjMnO^ 

Sulphuric 

.     HjSO, 

Permanganic 

HjMnO, 

Pyrosulpliurio 

.     HjSjO^    . 

Chromic 

HjCrO^ 

Tliiosulphurio 

.     HjS,0, 

Stannic 

HjSnO, 

Dithionic 

.     H,S,0, 

MetaHilicic     . 

HjSiO, 

Trithionic 

.     H^O, 

Carbonic 

H,CO, 

Tetrathionic . 

.     HjS.O, 

Phosphorous 

H,(PUO), 

Pcutathiouio          , 

.     H^jO^ 

Tribasie  Adds. 

Orthopliosphorio  . 

.     H3PO4 

1  Arsenic         • 

t        • 

HjAsO^ 

Tetrabasic  Acids. 

PyrophospUorio    . 

.    H,P,0,        1 

Orthosilicio   • 

»        • 

H^SiO^ 

The  general  characters  of  most  of  the  non-metallic  acids  and  their  salta 
ha^e  been  already  considered  ;  but  the  phosphates  require  further  notice. 

Phosphates. — ^There  are  three  modifications  of  xvhosphoric  acid :  one  be- 
ing monobasic,  the  second  tribasie,.  and  the  third  tetrabasic,  as  indicated 
in  the  preceding  table. 

Hydrogen  phosphide,  PHj,  burnt  in  air  or  oxygen  gas,  takes  up  four 
atoms  of  oxygen,  and  forms  trihydrio  phosphate  or  tribasie 
phosphoric  acid,  PHJO4.  The  same  acid  is  produced  by  the  oxidation 
of  hypophosphorous  or  phosphorous  acid  ;  by  oxidizing  phosphorus  with 
nitric  acid  (p.  217)  ;  by  the  decomposition  of  native  calcium  phosphate 
(apatite)  and  other  native  phosphates  ;  and  by  the  action  of  boiling  water 
on  phosphorus  pentoxide,  PjOj.  This  acid  forms  three  distinct  classes  of 
metallic  salts.  With  sodium,  for  example,  it  forms  the  three  salts,  NalljPO^, 
Na^HPO^,  and  NajPO^,  the  first  two  of  which,  still  containing  replaceable 
hydrogen,  are  acid  salts,  while  the  third  is  the  normal  or  neutral  salt. 

If  now  the  monosodic  phosphate,  NaH,P04,  be  heated  to  redness,  it  gives 
off  one  molecule  of  water,  and  leaves  an  anhydrous  monosodic  phosphate, 
NaPOg,  the  aqueous  solution  of  which,  when  treated  with  lead  nitrate, 
yields  a  lead-salt  of  corresponding  composition  ;  thus  : — 

2NaP0,  +  Pb(N03),  =  Pb(P03)j  +  2NaN0, ; 

and  this  lead-salt  decomposed  by  sulphydric  acid,  yields  a  monohydrio 
acid  having  the  composition  IIPO,,  possessing  properties  quite  distinct 
from  those  of  the  trihydric  acid  above  mentioned  : — 

Pb(P03),  -f  H^  =  2HPO3  +  PbS. 

The  trihydric  acid  which  is  produced  by  the  oxidation  of  phosphorus,  and 
by  the  decomposition  of  the  ordinary  native  phosphates,  is  called  ortho- 
phosphoric  acid  or  ordinary  phosphoric  acid;  the  monohydric 
acid  is  called  metaphosphoric  acid.  The  former  may  be  regarded 
as  a  trihydrate,  the  latter  as  a  monohydrate  of  phosphoric  oxide : — 

2n,P04  =  P,0s.3H.^0,  orthophosphoric  acid. 
2HPO3  =  PjjOj.IIjO,  metaphosphoric  acid. 
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Both  are  solable  in  water,  and  the  former  may  be  produced  by  the  action 
of  boiling  water,  the  latter  by  that  of  cold  water  on  phosphoric  oxide.  Ttiey 
are  easily  distinguished  from  one  another  by  their  reactions  with  albumin 
and  with  silver  nitrate.  Metaphosphoric  acid  coagulates  albumin,  and 
gives  a  white  precipitate  with  silver  nitrate ;  whereas  orthophosphoric 
acid  does  not  coagulate  albumin,  and  gives  no  precipitate,  or  a  very  slight 
one,  with  silver  nitrate,  till  it  is  neutralized  with  an  alkali,  in  which  case 
a  yellow  precipitate  is  formed. 

Metaphosphoric  acid  and  its  salts  differ  from  orthophosphoric  acid  and 
the  orthophosphates  by  the  want  of  one  or  two  atoms  of  water  or  base ; 
thus: — 

Metaphoflphates.    OrthophospAtes. 

HPO3         =     HjPO^  —     HjO 

NaPOa  =  NaHjPO^  —  11,0 
BaCPO,),  =  BaH^CPO^),  —  2H,0 
AgPOj       =     AgjPO^  —  Ag,0 

PbCPOa),  =     Pb3(P0,),     —  2PbO. 

Accordingly,  we  find  that  metaphosphates  and  orthophosphates  are  con- 
vertible one  into  the  other  by  the  loss  or  gain  of  one  or  two  molecules  of 
water  or  metallic  base ;  thus  : — 

A.  A  solution  of  metaphosphoric  acid  is  converted,  slowly  at  ordinary 
temperatures,  quickly  at  the  boiling  heat,  into  orthophosphoric  acid,  and 
the  metaphosphates  of  sodium  and  barium  are  converted  by  boiling  with 
water  into  the  corresponding  monometallic  orthophosphates  (see  the  first 
three  equations  above). — 6,  The  metaphosphate  of  a  heavy  metal,  silver 
or  lead,  for  example,  is  converted  by  boiling  with  water  into  a  trimetallio 
phosphate  and  orthophosphoric  acid  : — 

SAgPO,  +  3H,0  =  AgjPO,  +  2H,P0,. 

y.  When  any  metaphosphate  is  fused  with  an  oxide,  hydrate,  or  carbon- 
ate, it  becomes  a  trimetallic  orthophosphate,  «.  g, — 

NaPO,  +  Na,CO,  =  NajPO^  +  CO,. 

On  the  other  hand  (J),  when  orthophosphoric  acid  is  heated  to  redness, 
it  loses  water  and  becomes  metaphosphoric  acid  ;  and  when  a  monometallio 
orthophosphate  is  heated  to  redness,  it  also  loses  water  and  is  transformed 
into  a  metaphosphate. 

Intermediate  between  orthophosphates  and  metaphosphates,  there  are 
at  least  three  distinct  classes  of  salts,  the  most  important  of  which  are  the 
pyrophosphates  or  paraphosphates,  which  may  be  derived  from 
the  tetrahydric  or  quadribasio  acid,  H^P^O-,  the  normal  sotiium  salt,  for 
example,  being  Na,P,0„  the  normal  lead  salt,  Pb,P/)^,  etc.  These  salts 
may  be  viewed  as  compounds  of  orthophosphate  and  metaphosphate,  c.  g.  : 

Na,P,0^  s  NagPO^  -|-  NaPO,. 

Sodium  pyrophosphate  is  prodnoed  by  heating  disodic  orthophosphate  to 
redness,  a  molecule  of  water  being  then  given  oflf : — 

•      2Na,HP0,  s  H,0  +  Na.PjO.. 

The  aqueous  solution  of  this  salt  yields  insoluble  pyrophosphates  with 
lead  and  silver  salts  ;  thus  with  lead  nitrate  : — 

Na,P,0,  +  2Pb(N0,),  =s  4NaN0,  +  Pb,P,0, ; 
^5 
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and  lead  pyrophosphate  decomposed  by  hydrogen  sulphide  yields  hydro- 
gen pyrophosphate  or  pyrophosphoric  acid : — 

PbgPjO^  +  2HaS  =s  2PbS  +  H^PA- 

Pyrophosphoric  acid  is  distinguished  from  metaphosphoric  acid  by  not 
coagulating  albumin  and  not  precipitating  neutral  solutions  of  barium  or 
silver  salts,  and  from  orthophosphoric  acid  by  producing  a  white,  instead 
of  a  yellow,  precipitate  with  silver  nitrate. 

Pyrophosphates  are  easily  converted  into  metaphosphates  and  orthophos- 
phates,  and  vice  versd,  by  addition  or  abstraction  of  water  or  a  metallic 
base. 

a.  The  production  of  a  pyrophosphate  from  an  orthophosphate  by  loss 
of  water  has  been  already  mentioned. — B.  Conversely,  when  a  pyrophos- 
phate is  heated  with  water  or  a  base,  it  becomes  an  orthophosphate, 
e.  g, : — 

Na^PjO^  +     HjO     =  2Na«HP0. 
Na,P,0^  +  2NaH0  =  f^&^FO^  +  Efi. 

In  like  manner,  orthophosphoric  acid  heated  to  21 50  is  almost  entirely  con- 
verted into  pyrophosphoric  acid  :  2H3PO, — HjO  =  H^PgO^ ;  and  conversely, 
when  pyrophosphoric  acid  is  boiled  with  water,  it  is  transformed  into  ortho- 
phosphoric acid. 

y.  Pyrophosphoric  acid  heated  to  dull  redness  is  converted  into  meta- 
phosphoric acid:  ll^l\Oj — ll^O  =  2HPO3.  The  converse  reaction  is  not 
easily  effected,  inasmuch  as  metaphosphoric  acid  by  absorbing  water  gene- 
rally passes  directly  to  the  state  of  orthophosphoric  acid.  Peligot,  how- 
ever, observed  the  formation  of  pyrophosphoric  from  metaphosphoric  acid 
by  very  slow  absorption  of  water. — >.  When  a  metallic  metaphosphate  is 
treated  with  a  proper  proportion  of  a  hydroxide,  oxide,  or  carbonate,  it  is 
converted  into  a  pyrophosphate  ;  thus  :— 

2NaP03      +       Na^CO,      =r      Na.PjO^      -f       CO.. 
Metaphosphate.        Carbonate.        Pyrophosphate.    Carbon  uioxide. 

Fleitmann  and  Henneberg,  by  fusing  together  a  molecule  of  sodium 
pyrophosphate,  NagPO^.NaPOj,,  with  two  molecules  of  metaphosphate, 
NaPOg,  obtained  a  salt  having  the  composition,  NajPO^.SNaPOj  =  Na^P^O,,, 
which  is  soluble  without  decomposition  in  a  small  quantity  of  hot  water, 
and  crystallizes  from  its  solution  by  evaporation  over  oil  of  vitriol.  An 
excess  of  hot  water  decomposes  it,  but  its  cold  aqueous  solution  is  mode- 
rately permanent.  Insoluble  phosphates  of  similar  composition  may  be 
obtained  from  the  sodium-salt  by  double  decomposition.  Fleitmann  and 
Henneberg  obtained  another  crystallizable  but  very  insoluble  salt,  having 
the  composition,  Na3P04.9NaPOj,  =  Na„P,oOs,,  by  fusing  together  one  mole- 
cule of  sodium  pyrophosphate  with  eight  molecules  of  the  metaphosphate  ; 
and  insoluble  phosphates  of  similar  constitution  were  obtained  from  it  by 
double  decomposition. 

The  comparative  composition  of  these  different  phosphates  is  best  shown 
by  representing  them  as  compounds  of  phosphoric  oxide  with  metallio 
oxide,  and  assigning  to  them  all  the  quantity  of  base  contained  in  the 
most  complex  member  of  the  series  ;  thus — 

Orthophosphate 6Na20.2Pj05  =4Na3P04 

Pyrophosphate eNa^O.aPjOj  =  3Na^PgO, 

Fleitmann  and  Ilenneberg^s  phosphate  (a)  6Naj0.4P,05  ^  2NajP^O,5 

*'  (6)  6Na20.5P,05  =  Na„P,„0„ 

Metaphosphate 6Na,0.6P,05  =  l^NaPOj 
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Metallio  Sulphides. — These  compounds  correspond,  for  the  most  part, 
in  composition  with  the  oxides  :  thus,  there  ore  two  sulphides  of  arsenic, 
AsjSj  and  Asj^j,  corresponding  with  the  oxides,  As^O,  and  As^O^  ;  also,  two 
sulphides  of  mercury,  Hg^S  and  HgS,  analogous  to  the  oxides,  llgfi  and 
HgO.  Occasionally,  however,  we  meet  with  oxides  to  which  there  are  no 
corresponding  sulphides  (manganese  dioxide,  for  example),  and  more  fre- 
quently sulphides  to  whi«h  there  are  no  corresponding  oxides,  the  most 
remarkable  of  which  are,  perhaps,  the  alkaline  poly  sulphides.  Potas- 
Bium,  for  example,  forms  the  series  of  sulphides,  K^S,  K^S,,  K^S^,  K^S^,  and 
K2S5,  the  third  and  fifth  of  which  have  no  analogues  in  the  oxygen  series. 

There  are  also  hydrosulphides  analogous  to  the  hydroxides,  and  con- 
taining the  elements  of  a  metallic  sulphide  and  hydrogen  sulphide,  or 
sulphydric  acid :  e.  jr^  po^^^i^i^  ^ydi'^i^^pbi<l®)  ^^'1^2^  =^  ^^US  ;  lead 
hydrosulphide,  Pbd.HjS  =s  PbH^S,*  Hydrosulphides  and  sulphides  may 
be  derived  from  sulphydric  acid  by  partial  or  total  replacement  of  the 
hydrogen  by  metals,  just  as  metallic  hydroxides  and  oxides  are  derived 
from  water. 

Many  metallic  sulphides  occur  as  natural  minerals,  especially  the  sul- 
phides of  lead,  copper,  and  mercury,  which  afford  valuable  ores  for  the 
extraction  of  the  metals,  and  iron  bisulphide  or  iron  pyrites,  FeS,,  which 
is  largely  used  as  a  source  of  sulphur,  and  for  the  preparation  of  ferrous 
sulphate. 

Sulphides  are  formed  artificially  by  heating  metals  with  sulphur ;  by 
the  action  of  metals  on  gaseous  hydrogen  sulphide  ;  by  the  reduction  of 
sulphates  with  hydrogen  or  charcoal ;  by  heating  metallio  oxides  in  con- 
tact with  gaseous  hydrogen  sulphide  or  vapor  of  carbon  bisulphide  ;  and 
by  precipitation  of  metallic  solutions  with  hydrogen  sulphide  or  a  sulphide 
of  alkali-metal.  Some  metals,  as  copper,  lead,  silver,  bismuth,  mercury, 
and  cadmium,  are  precipitated  from  their  acid  solutions  by  hydrogen  sul- 
phide, passed  into  them  as  gas,  or  added  in  aqueous  solution,  the  sul- 
phides of  these  metals  being  insoluble  in  dilute  acids ;  others,  as  iron, 
cobalt,  nickel,  manganese,  zinc,  and  uranium,  form  sulphides  which  are 
soluble  in  acids,  and  these  are  precipitated  by  hydrogen  sulphide  only 
from  alkaline  solutions,  or  by  ammonium  or  potassium  sulphide  from  neu- 
tral solutions.  Many  of  these  sulphides  exhibit  characteristic  colors, 
which  serve  as  indications  of  the  presence  of  the  respective  metals  in  solu- 
tion (p.  200). 

Metallic  sulphides  are  also  formed  by  the  reduction  of  sulphates  with 
organic  substances ;  many  native  sulphides  have  doubtless  been  formed  in 
this  way. 

The  physical  characters  of  some  metallic  sulphides  closely  resemble 
those  of  the  metals  in  certain  particulars,  such  as  the  peculiar  opacity, 
lustre,  and  density,  especially  when  they  are  in  a  crystalline  condition. 
They  are  generally  crystallizable,  brittle,  and  of  a  gray,  pale  yellow,  or 
dark  brown  color.  The  sulphides  of  the  alkali* metals  are  soluble  in 
water ;  most  of  the  others  are  insoluble.  They  are  more  frequently 
fusible  than  the  corresponding  oxides,  and  some  are  volatilizable,  as 
mercury  sulphide  and  arsenic  sulphide. 

Many  sulphides,  when  heated  out  of  contact  with  atmospheric  air,  do 
not  undergo  any  decomposition ;  this  is  the  case  chiefly  with  those  con- 
taining the  smallest  proportions  of  sulphur,  such  as  the  monosulphides 
of  iron  and  zinc.  Sulphides  containing  larger  proportions  of  sulphur  are 
partially  decomposed  by  heat,  losing  part  of  their  sulphur,  and  being  con- 
vi^rted  into  lower  sulphides  ;  as  in  the  case  of  iron  bisulphide.  The  sul- 
phides of  gold  and  platinum  are  completely  reduced  by  heat. 

By  the  simultaneous  action  of  heat  and  of  substances  capable  of  com- 
bining with  sulphur,  some  sulphides  may  be  decomposed.      Thus,  for 
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instance,  silver,  copper,  bismuth,  tin,  and  antimony  salphides  are  re- 
duced by  hydrogen  ;  copper,  lead,  mercury,  and  antimony  sulphides  are 
reduced  by  heating  with  iron. 

Sulphides  which  are  not  reduced  by  heat  alone  are  always  decomposed 
when  heated  in  contact  with  oxygen  or  atmospheric  air.  Those  of  the 
alkali-metals  and  e^trth-metals  are  converted  into  sulphates  by  this  means. 
Zinc,  iron,  manganese,  copper,  lead,  and  bismuth  sulphides  are  converted 
into  oxides,  and  sulphurous  oxide  is  produced :  but  when  the  temperature 
is  not  above  dull  redness,  some  sulphate  is  formed  by  direct  oxidation. 
Mercury  and  silver  sulphides  are  completely  reduced  to  the  metallic  state. 
Some  native  sulphides  gradually  undergo  alteration  by  mere  exposure  to 
the  air  :  but  it  is  then  generally  limited  to  the  production  of  sulphates, 
unless  the  oxidation  takes  place  so  rapidly  that  the  heat  generated  is 
sufficient  to  decompose  the  sulphate  first  produced.  In  the  production  of 
some  metals  for  use  in  the  arts,  the  separation  of  sulphur  from  the  native 
minerals  is  effected  chiefly  by  means  of  this  action  in  the  operation  of 
roasting. 

Metallic  sulphides  are  decomx)osed  in  like  manner  when  heated  with 
metallic  oxides  in  suitable  proportions,  yielding  sulphurous  oxide  and  the 
metal  of  both  the  sulphide  and  oxide.  Lead  is  reduced  from  the  native 
sulphide  in  this  manner. 

Many  metallic  sulphides  are  decomposed  by  acids  in  presence  of  water, 
sulphuretted  hydrogen  being  evolved  while  the  metal  enters  into  combina- 
tion with  the  chlorous  radicle  of  the  acid.  Nitric  acid  when  concentrated 
decomposes  most  sulphides,  with  formation  of  metallic  oxide,  sulphuric 
acid,  sulphur,  and  a  lower  oxide  of  nitrogen.  Nitromuriatic  acid  acts  in 
a  similar  manner,  but  still  more  energetically. 

Sulphur-Salts, — ^The  sulphides  of  the  more  basylous  metals  nnite 
with  those  of  the  more  chlorous  or  electro-negative  metals,  and  of  the  non- 
metallic  elements,  forming  sulphur-salts,  analogous  iu  composition 
to  the  oxygen-salts,  e.  g.  .*— 

Carbonate,  K^COj    =  KjO.CO, 

Sulphocarbonate,  KjCSg    =  K,,S.CS3 

Arsenate,  2K5ASO4  =  SKjCAs^Oj 

Sulpharsenate,     2K3ASS4  &=  SK^S.As^S^. 

Belenides  and  Tellurides. — ^Theso  compounds  are  analogous 
in  composition,  and  in  many  of  their  properties,  to  the  sulphides,  and 
unite  one  with  the  other,  forming  selenium-salts  and  telUurium-salts 
analogous  to  the  oxygen  and  sulphur  salts. 

Metals  also  form  definite  comi)ounds  with  nitrogen,  phosphorus,  silicon, 
boron,  and  carbon :  but  these  compounds  are  comparatively  unimportant, 
excepting  the  carbonides  of  iron,  which  form  cast-iron  and  steeU 
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POTASSIUM. 

Atomic  Weight,  Kl.    Symbol,  E  (Xdlum). 

PoTAMitTK  was  disoovered  in  1807  by  Sir  H.  Davy,  who  obtsintsl  it  in 
■very  amall  quantity  by  exposing  a  piece  of  moistened  potasaium  hydroxide 
to  tliB  action  of  a  powerful  voltaic  battery,  the  alkali  being  placed  between 
a  pair  of  platinum  plates  connected  with  the  apparatus.  Processoa  have 
since  be«n  devised  for  obtaining  thit  metal  in  almost  any  quantity  that 
caJi  be  desired. 

An  intimate  roiitnre  of  potaasinra  carbonate  and  charcoal  is  prepared 
by  calcining,  in  a  covered  iron  pot,  the  crude  tartar  of  commerce  ;  when 
Awlcl  it  is  rubbed  to  powder,  mixed  with  one-tenth  part  of  charcoal  in  small 
lamps,  and  quickly  transferred  to  a  retort  of  stout  hammered  iron ;  the 
latter  may  be  one  of  the  irou  bottles  iu  which  mercury  is  importni.  The 
retort  is  introduced  into  a  fnmace,  a  (lig.  147),  and  placed  horizontally  on 
gupportt  of  fire-brick,  y,/.  A  vronght-iron  tube,  J,  four  inches  long, 
Bervee  to  convey  the  vapors  of  potassium  into  a  receiver,  e,  formed  of  two 
pieces  of  wronght-iron,  a,  i(flg.  14S),  which  are  Sited  closely  to  each  other, 


Fig.  1* 


Fig.  1«. 


BO  as  to  form  a  shallow  box  only  a  quarter  of  an  inch  deep,  and  are  kept 
tocether  by  clamp-screws.  The  iron  plate  should  hv  one-aiitth  of  an  inch 
thick,  twelve  inches  long,  and  Bvb  inches  wide.  The  receiver  is  open  at 
both  ends,  the  socket  llttine  upon  the  neck  of  the  Iron  bottle.  The  object 
of  giving  the  receiver  this  flattened  form  is  to  insure  the  rapid  cooling  of 
the  potaiisinm,  and  thus  to  withdraw  it  from  the  action  of  the  carbon  mon- 
oxide, which  is  disengaged  daring  the  entire  process,  and  has  a  strong 
tendency  to  unite  wilh  the  potassium,  forming  a  dangerously  explosive 
conipound.  Before  connecting  the  receiver  wilh  (he  tube  rf,  the  fire  is 
dlowly  raised  till  the  Iron  bottle  attains  a  dull  red  heat.  Powdered  vitri- 
fled  iiorax  ia  then  sprinkled  upon  it,  which  melts  and  forms  a  coating, 
25» 
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serving  to  protect  the  iron  from  oxidation.  The  heat  is  then  to  be  urged 
until  it  is  very  intense,  care  being  taken  to  raise  it  as  equally  as  possible 
throughout  every  part  of  the  furnace.  When  a  full  reddish-whit%j  heat 
is  attained,  vapors  of  potassium  begin  to  appear,  and  burn  with  a  bright 
flame.  The  receiver  is  then  adjusted  to  the  end  of  the  tube,  which  must 
not  project  more  than  a  quarter  of  an  inch  through  the  iron  plate  forming 
the  front  wall  of  the  furnace  ;  otherwise  the  tube  is  liable  to  be  obstructed 
by  the  accumulation  of  solid  potassium,  or  of  the  explosive  compound 
above  mentioned.  Should  any  obstruction  occur,  it  must  be  removed  by 
thrusting  in  an  iron  bar,  and,  if  this  fail,  the  lire  must  be  immediately 
withdrawn  by  removing  the  bars  from  the  furnace,  with  the  exception  of 
two  which  support  the  iron  bottle.  The  receiver  is  kept  cool  by  the  appli- 
cation of  a  wet  cloth  to  its  outside.  When  the  operation  is  complete, 
the  receiver  with  the  potassium  is  removed  and  immediately  plunged  into 
a  vessel  of  rectified  petroleum,  provided  with  a  cover,  and  kept  cool  by 
immersion  in  water.  When  the  apparatus  is  sufficiently  cooled,  the  potas- 
sium is  detached  and  preserved  under  petroleum. 

If  the  potassium  be  wanted  absolutely  pure,  it  must  be  afterwards  re- 
distilled in  an  iron  retort,  into  which  some  naphtha  has  been  put,  that  its 
vapor  may  expel  the  air,  and  prevent  oxidation  of  the  metal. 

Potassium  is  a  brilliant  white  metal,  with  a  high  degree  of  lustre ;  at 
the  common  temperature  of  the  air  it  is  soft,  and  may  be  easily  cut  with  a« 
knife,  but  at  (P  C.  (320  F.)  it  is  brittle  and  crystalline.     It  melts  com- 
pletely at  62.50  C.  (144.40  F.),  and  distils  at  a  low  red  heat.     It  floats  on 
water,  its  specific  gravity  being  only  0.8G5. 

Exposed  to  tlie  air,  potassium  oxidizes  instantly,  a  tarnish  covering  the 
surface  of  the  metal,  which  quickly  thickens  to  a  crust  of  caustic  potash. 
Thrown  upon  water,  it  takes  fire  spontaneously,  and  burns  with  a  beau- 
tiful purple  flame,  yielding  an  alkaline  solution.  When  it  is  brought  into 
contact  with  a  little  water  in  a  jar  standing  over  mercury,  the  liquid  is 
decomposed  with  great  energy,  and  hydrogen  liberated.  Potassium  is 
always  preserved  under  the  surface  of  petroleum. 

Fotassinm  Chloride,  KCl. — ^This  salt  is  obtained  in  large  quantity 
in  the  manufacture  of  the  chlorate  ;  it  is  easily  purified  from  any  portions 
of  the  latter  by  exposure  to  a  dull  red  heat.  Within  the  last  few  years, 
large  quantities  of  this  salt  have  been  obtained  from  sea-water,  by  a  pecu- 
liar process  suggested  by  M.  Balard.*  It  is  also  contained  in  kelp,  and 
is  separated  for  the  use  of  the  alum-makjr.  Considerable  quantities  of 
it  are  now  obtained  from  the  salt-beds  of  Stassfurt,  near  Magdeburg,  in 
Prussia. 

Potassium  chloride  closely  resembles  common  salt  in  appearance,  assum- 
ing, like  that  substance,  the  cubic  form  of  crystallization.  The  crystals 
dissolve  in  three  parts  of  cold,  and  in  a  much  smaller  quantity  of  boiling 
water  :  they  are  anhydrous,  have  a  simple  saline  taste,  with  slight  bitter- 
ness, and  fuse  when  exposed  to  a  red  heat.  Potassium  chloride  is  vola- 
tilized by  a  very  high  temperature. 

Potassiam  Iodide,  KI. — ^Thore  are  three  different  methods  of  prepar- 
inj;  tliis  important  mwlical  compound. 

(1)  When  iodine  is  added  to  a  strong  solution  of  caustic  potash  free 
from  carbonate,  it  is  dissolved  in  large  quantity,  forming  a  colorless  solu- 
tion containing  potassium  iodide  and  iodate ;  the  reaction  is  the  same  as 
in  the  analo}:jous  oase  with  chlorine.  When  the  solution  begins  to  be  per- 
manently colored  by  the  iodine,  it  is  evaporated  to  dryness,  and  cautiously 

*  Reports  by  the  Juries  of  the  International  Exhibition  of  1803,  Class  II. 
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heated  to  redness,  by  which  the  lodate  is  entirely  converted  into  iodide. 
Tlie  mass  is  then  dissolved  in  water,  and,  afler  filtration,  made  to  crytital- 
lize. 

(2)  Iodine,  water,  and  iron-filings  or  scraps  of  zinc,  are  placed  in  a 
warm  situation  until  the  combination  is  complete,  and  the  solution  color- 
less. The  resulting  iodide  of  iron  or  zinc  is  then  filtered,  and  exactly  de- 
composed with  solution  of  pure  potassium  carbonate,  great  care  being 
taken  to  avoid  excess  of  the  latter.  Potassium  iodide  and  ferrous  carbon- 
ate, or  zinc  carbonate,  are  thus  obtained :  the  former  is  separated  by 
filtration,  and  evaporated  until  the  solution  is  sufficiently  concentrated  to 
crystallize  on  cooling,  the  washings  of  the  filter  being  added  to  avoid  loss : 

Fel,  +  KjCO,  =  2KI  +  FeCO,. 

(3)  A  very  simple  method  for  the  preparation  of  potassium  iodide  was 
proposed  by  Lie  big.  One  part  of  amorphous  phosphorus  is  added  to  40 
parts  of  warm  water ;  20  parts  of  dry  iodine  are  then  gradually  added 
and  intimately  mixed  with  the  phosphorus  by  trituration.  The  dark-brown 
liquid  thus  obtained  is  now  heated  on  the  water-bath  until  it  becomes 
colorless ;  it  is  then  poured  off  from  the  undissolved  phosphorus,  and 
neutralized,  first  with  barium  carbonate  and  then  with  baryta-water, 
until  it  becomes  slightly  alkaline ;  and  the  insoluble  barium  phosphate  is 
filtered  off  and  wasiied.  The  filtrate  now  contains  nothing  but  barium 
iodide,  which,  when  treated  with  potassium  sulphate,  yields  insoluble 
barium  sulphate  and  potassiun^  iodide  in  solution.  Lime  answers  nearly 
as  well  as  baryta. 

Potassium  iodide  crystallizes  in  cubes,  which  are  often,  ffom  some  unex- 
plained cause,  milk-white  and  opaque  :  they  are  anhydrous,  and  fuse 
readily  when  heated.  The  salt  is  very  soluble  in  water,  but  when  pure, 
does  not  deliquesce  in  a  moderately  dry  atmosphere :  it  is  dissolved  by 
alcohol. 

Solution  of  potassium  iodide,  like  those  of  all  the  soluble  iodides,  dis- 
solves a  large  quantity  of  free  iodine,  forming  a  deep-brown  liquid,  not 
decomposed  by  water. 

Potassium  Bromide,  KBr. — ^This  compound  may  be  obtained  by  pro- 
cesses exactly  similar  to  those  just  described,  substituting  bromine  for  the 
iodine.  It  is  a  colorless  and  very  soluble  salt,  quite  undistinguishable  in 
appearance  and  general  characters  from  the  iodine. 

Potassiiim  Oaddes. — ^Potassium  combines  with  oxygen  in  several  pro- 
portions, forming  a  monoxide,  K,0,  a  dioxide,  K^O,,  a  tetroxide,  K^O^,  and 
three  oxides  intermediate  between  the  last  two,  besides  a  hydroxide,  KHO, 
corresponding  with  the  monoxide. 

fhtassittm  rtwmoxidej  KjO,  also  called  anhydrous  potash^  or  potassa,  is  formed 
when  potassium  in  thin  slices  is  exposed  at  ordinary  temperatures  to  dry 
air  free  from  carbon  dioxide  ;  also  when  the  hydroxide  is  heated  with  an 
equivalent  quantity  of  metallic  potassium  : 

2KH0  -f  K,  =  2KjO  +  H,. 

It  is  white,  very  deliquescent  and  caustic,  combines  energetically  with 
water,  forming  potassium  hydroxide,  and  becomes  incandescent  when 
moistened  with  it ;  melts  at  a  red  heat,  and  volatilizes  at  very  high  tem- 
peratures. 

KO 
The  dioxide  J  K.O..  or      I  ,  is  formed  at  a  certain  stage  in  the  preparation  of 

KO 
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the  tetroxide,  but  has  not  been  obtained  quite  pure.  By  carefully  regulat- 
ing the  heat  and  supply  of  air,  nearly  the  whole  of  the  potassium  may  be 
converted  into  a  white  oxide,  having  nearly  the  composition  of  the  dioxide. 
An  aqaeous  solution  of  this  oxide  is  formed  by  the  action  of  water  on  the 
tetroxide. 

K— O— O 
The  tetroxide,  Kfi^,  or  |  ,  is  produced  when  potassiom  is  burnt 

K— O— O 
in  excess  of  dry  air  or  oxygen  gas.  It  is  a  chrome-yellow  powder,  which 
cakes  together  at  about  280^.  It  absorbs  moisture  rapidly,  and  is  decom- 
posed by  water,  giving  off  oxygen,  and  forming  a  solution  of  the  dioxide. 
When  gently  heated  in  a  stream  of  carbon  monoxide,  it  yields  potassium 
carbonate  and  two  atoms  of  oxygen : 

Kj04  +  CO  =r  K,CO,  +  O, : 

with  carbon  dioxide  it  acts  in  a  similar  manner,  giving  off  three  atoms  of 
oxygen. — Har court,  Chem.  JSoc,  Joum.,  1861,  p.  207. 

By  passing  dry  air  or  nitrogen  monoxide  over  potassium  heated  to  a 
temperature  below  10(P,  and  stopping  the  action  at  certain  stages,  the 
oxides  K^O^,  KfO^,  K4O,,  are  obtained,  intermediate  between  ELO.  and 
K,0^.— (Lupton,  ibid.,  1876,  u.  665.) 

Potassium  Hydboxide,  KHO,  commonly  called  cawAic  potash^  or  potassa, 
is  a  very  important  substance,  and  one  of  great  practical  utility.  It  is 
always  prepared  by  decomposing  the  carbonate  with  calcium  hydroxide 
(slaked  lime).  10  parts  of  potassium  carbonate  are  dissolved  in  100  parts 
of  water,  and  heated  to  ebullition  in  a  clean  untinned  iron,  or,  still  better, 
silver  vessel ;  8  parts  of  good  quicklime  are  meanwhile  slaked  in  a  covered 
basin,  and  the  resulting  calcium  hydroxide  is  added,  little  by  little,  to  the 
boiling  solution  of  car^uate,  with  frequent  stirring.  When  all  the  lime 
has  been  introduced,  the  mixture  is  suffered  to  boil  for  a  few  minutes,  and 
then  removed  from  the  fire  and  covered  up.  In  the  course  of  a  very  short 
time,  the  solution  will  have  become  quite  clear,  and  fit  for  decantation,  the 
calcium  carbonate,  with  the  excess  of  hydrate,  settling  down  as  a  heavy, 
sandy  precipitate.     The  solution  should  not  effervesce  with  acids. 

It  is  essential  in  this  process  that  the  solution  of  potassium  carbonate  be 
dilute,  otherwise  the  decomposition  becomes  imperfect.  The  proportion  of 
lime  recommended  is  much  greater  than  that  required  by  theory,  but  it  is 
always  proper  to  have  an  excess. 

The  solution  of  potassium  hydroxide  may  be  concentrated  by  quick  eva- 
poration in  the  iron  or  silver  vessel  to  any  desired  extent ;  when  heated 
until  vapor  of  water  ceases  to  be  disengaged,  and  then  suffered  to  cool,  it 
furnishes  the  solid  hydroxide,  KHO  or  K^O.HjO. 

Pure  potassium  hydroxide  is  also  easily  obtained  by  heating  to  redness 
for  half  an  hour  in  a  covered  copper  vessel,  one  part  of  pure  powdered  nitre 
with  two  or  three  parts  of  finely  divided  copper  foil.  The  mass,  when 
cold,  is  treated  with  water. 

Potassium  hydroxide  is  a  white  solid  substance,  very  deliquescent,  and 
soluble  in  water ;  alcohol  also  dissolves  it  freely,  which  is  the  case  with 
comparatively  few  potassium  compounds ;  the  solid  hydroxide  of  commerce, 
which  is  very  impure,  may  thus  be  purified.  The  solution  of  this  sub- 
stance possesses,  in  the  very  highest  degree,  the  properties  termed  alka- 
line :  it  restores  the  blue  color  to  litmus  which  has  been  reddened  by  an 
acid  ;  neutralizes  completely  the  most  powerful  acids  ;  has  a  nauseous  and 
peculiar  taste ;  and  dissolves  the  skin,  and  many  other  organic  matters, 
when  the  latter  are  subjected  to  its  action.  It  is  frequently  used  by  sur- 
geons as  a  cautery,  being  moulded  into  little  sticks  for  that  purpose. 
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Potassinm  hydroxide,  both  in  the  solid  state  and  in  solution,  rapidly 
absorbs  carlK)nic  acid  from  the  air :  hence  it  must  be  kept  in  closely  stopped 
bottles.  When  imperfectly  prepared,  or  partially  altered  by  exposure,  it 
effervesces  with  an  acid.  It  is  not  decomposed  by  heat,  but  volatilizes 
undecomposed  at  a  very  high  temperature. 

The  following  table  of  the  densities  and  value  in  anhydrous  potassium 
oxide,  K^O,  of  different  solutions  of  potassium  hydroxide  is  given  on  the 
authority  of  Dalton ; — 


Density. 

Percentage  of 
K,0. 

Density. 

Percentage  of 

1.68 

51.2 

1.33 

26.3 

1.60 

46.7 

1.28 

23.4 

1.52 

42.9 

1.23 

19.5 

1.47 

39.6 

1.19 

16.2 

1.44 

36.8 

1.15 

13.0 

1.42 

34.4 

1.11 

9.5 

1.39 

32.4 

1.06 

4.7 

1.36 

29.4 

PotasBinin  Nitrate;  Nitre;  Saltpetre,  KNO,  =  NOaCOK).— Tliis  im- 
portant compound  is  a  natural  product,  being  disengaged  by  a  kind  of 
effloresctince  from  the  surface  of  the  soil  in  certain  dry  and  hot  countries. 
It  may  also  be  produced  by  artificial  means,  namely,  by  the  oxidation  of 
ammonia  in  presence  of  a  powerful  base. 

In  France,  large  quantities  of  artificial  nitre  are  prepared  by  mixing 
animal  refuse  of  all  kinds  with  old  mortar  or  slaked  lime  and  earth,  and 
placing  the  mixture  in  heapd,  protected  from  the  rain  by  a  roof,  but  freely 
exposed  to  the  air.  From  time  to  time  the  heaps  are  watered  with  putrid 
urine,  and  the  mass  is  turned  over,  to  expose  fresh  surfaces  to  the  air. 
When  much  salt  has  been  formed,  the  mixture  is  lixiviated,  and  the  solu- 
tion, which  contains  calcium  nitrate,  is  mixed  with  potassium  carbonate ; 
calcium  carbonate  is  formed,  and  the  nitric  acid  transferred  to  the  alkali. 
The  filtered  solution  is  then  made  to  crystallize,  and  the  crystals  are  puri- 
fied by  re-solution  and  crystallization,  the  liquid  being  stirred  to  prevent 
the  formation  of  large  crystals. 

The  greater  part  of  the  nitre  used  in  this  country  comes  from  India ;  it 
is  dissolved  in  water,  a  little  potassium  carbonate  is  added  to  precipitate 
lime,  and  then  the  salt  is  purified  as  a1x)ve. 

Considerable  quantities  of  nitre  are  now  manufactured  by  decomposing 
native  sodium  nitrate  (Cliile  saltpetre)  with  carlK>uate  or  chloride  of  potas- 
sium. In  Belgium  the  potassium  carbonate  obtained  from  the  ashes  of  the 
beetroot  sugar  manufactories  is  largely  used  for  this  purpose  ;  the  potassium 
nitrate  thus  prepared  is  very  pure,  and  is  produced  at  a  low  price. 

Potassium  nitrate  crystallizes  in  anhydrous  six-sided  prisms,  with  dihe- 
dral summits,  belonging  to  the  rhombic  or  trimetric  system:  it  is  soluble 
in  7  parts  of  water  at  15. 5^  C.  (60O  F.),  and  in  its  own  weight  of  boiling 
water.  Its  taste  is  saline  and  cooling,  and  it  is  without  action  on  vegetable 
colors.  It  melts  at  a  temperature  below  redness,  and  is  completely  decom- 
posed by  a  strong  heat. 

When  it  is  thrown  on  the  surface  of  many  metals  in  a  state  of  fusion,  or 
mixed  with  combustible  matter  and  heated,  rapid  oxidation  ensues,  at  the 
expense  of  the  oxygen  of  the  nitric  acid.  Examples  of  such  mixtures  are 
found  in  common  gunpowder,  and  in  nearly  all  pyrotechnic  compositions, 
which  burn  in  tliis  manner  independently  of  the  oxygen  of  the  air,  and 
even  under  water.  Gunpowder  is  made  by  very  intimately  mixing  toge- 
ther potassium  nitrate,  charcoal,  and  sulphur,  in  proportions  which  ap- 
proach 2  molecules  of  nitre,  3  atoms  of  carbon,  and  1  atom  of  sulphur. 
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These  quantities  give,  reckoned  to  100  parts,  and  compared  with  the 
proportions  used  in  the  manufacture  of  the  English  Government  powder, 
the  following  results  : — 

Thfmrv  Proportions 

ineory.  ^^  practice. 

Potassium  nitrate  ....      74.8  75 

Charcoal 13.3  15 

Sulphur 11.9  10 

100.0  100 

The  nitre  is  rendered  very  pure  by  the  means  already  mentioned,  freed 
from  water  by  fusion,  and  ground  to  fine  powder ;  the  sulphur  and  char- 
coal, the  latter  being  made  from  light  wood,  as  dogwood  or  alder,  are  also 
finely  ground,  after  which  the  materials  are  weighed  out,  moistened  with 
water,  and  thoroughly  mixed  by  grinding  under  an  edge-mill.  The  mass 
is  then  subjected  to  great  pressure,  and  the  mill-cake  thus  produced  broken 
in  pieces,  and  placed  in  sieves  made  of  perforated  vellum,  moved  by  ma- 
chinery, each  containing,  in  addition,  a  round  piece  of  heavy  wood.  The 
grains  of  powder  broken  off  by  attrition  fall  through  the  holes  in  the  skin, 
and  are  easily  separated  from  the  dust  by  sifting.  The  powder  is,  lastly, 
dried  by  exposure  to  steam-heat,  and  sometimes  glazed  or  polished  by 
agitation  in  a  kind  of  cask  mounted  on  an  axis. 

It  was  formerly  supposed  that  when  gunpowder  is  fired,  the  whole  of 
the  oxygen  of  the  potassium  nitrate  was  transferred  to  the  carbon,  forming 
carbon  dioxide,  the  sulphur  combining  with  the  i>otassium,  and  the  nitro- 
gen being  set  free.  There  is  no  doubt  that  this  reaction  does  take  place  to 
a  considerable  extent,  and  that  the  large  volume  of  gas  thus  produced,  and 
still  further  expanded  by  the  very  high  temperature,  suflicieutly  accounts  for 
the  explosive  effects.  But  recent  investigations  by  Bunsen,  Karolyi,  and 
others,  have  shown  that  the  actual  products  of  the  combustion  of  gun- 
powder are  much  more  complicated  than  this  theory  would  indicate,  a 
very  large  number  of  products  being  formed,  and  a  considerable  portion 
of  the  oxygen  being  transferred  to  the  potassium  sulphide,  converting  it 
into  sulphate,  which,  in  fact,  constitutes  the  chief  portion  of  the  solid 
residue  and  of  the  smoke  formed  by  the  explosion.* 

Fotassinm  Chlorate,  KCIO,  =ss  ClOj(OK). — ^The  theory  of  the  produo- 
tion  of  chloric  acid  by  the  action  of  chlorine  gas  on  a  solution  of  caustic 
potash,  has  been  already  explained  (p.  183).  Chlorine  gas  is  conducted 
by  a  wide  tube  into  a  strong  and  warm  solution  of  potassium  carlionate, 
until  absorption  of  the  gas  ceases  ;  and  the  liquid  is,  if  necessary,  evapo- 
rated, and  then  left  to  cool,  in  order  that  the  slightly  soluble  chlorate  may 
crystallize  out.  The  mother-liquor  affords  a  second  crop  of  crystals,  but 
they  are  much  more  contaminated  with  potassium  chloride.  It  may  be 
purified  by  one  or  two  re-crystallizations. 

Potassium  chlorate  is  soluble  in  about  20  parts  of  cold  and  2  of  boiling 
water :  the  crystals  are  anhydrous,  flat,  and  tabular  ;  in  taste  it  some- 
what resembles  nitre.  When  heated  it  gives  off  the  whole  of  its  oxygen 
as  gas  and  leaves  potassium  chloride.  By  arresting  the  decomposition 
when  the  evolution  of  gas  begins  to  slacken,  and  redissolving  the  salt, 
potassium  perchlorate  and  chloride  may  be  obtained. 

This  salt  deflagrates  violently  with  combustible  matter,  explosion  often 
occurring  by  friction  or  blows.  When  about  one  grain -weight  of  chlorate 
and  an  equal  quantity  of  sulphur  are  rubbed  in  a  mortar,  tlie  mixture  ex- 

*  See  Watta'8  Diotionary  of  Chemistry,  vol.  ii.  p.  968. 
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plodes  with  a  loud  report ;  hence  it  cannot  be  nsed  in  the  preparation  of 
gunpowder  instead  of  the  nitrate.  Potassium  chlorate  is  now  a  large  arti- 
cle of  commerce,  being  employed,  together  with  phosphorus,  in  making  in- 
stantaneous-light matches. 

Potassinm  Perohlorate,  KC10^  =  a05(0K).— This  salt  has  been 
alreaily  noticed  under  the  head  of  perchloric  acid.  It  is  best  prepared  by 
projecting  powdered  potassium  chlorate  into  warm  nitric  acid,  when  the 
chloric  acid  is  resolved  into  perchloric  acid,  chlorine  and  oxygen.  The 
salt  is  separated  from  the  nitrate  by  crystallization.  Potassium  perchlo- 
rate  is  a  very  slightly  soluble  salt :  it  requires  55  parts  of  cold  water,  but 
is  more  freely  taken  up  at  a  boiling  heat.  The  crystals  are  small,  and 
have  the  figure  of  an  octohedron  with  square  base.  It  is  decomposed  by 
heat  in  the  same  manner  as  the  chlorate. 

Fotassinm  Carbonates. — Potassium  forms  two  well-defined  carbon- 
ates, namely,  a  normal  or  neutral  carbonate,  KXO-,  and  an  acid  silt  con- 
taining KHCX),. 

Normal  potassium  carbonate,  or  Dipotassic  carbonate,  KjCO,  =  CO(OK),  a 
K,0. CO,.— -Potassium  salts  of  vegetable  acids  are  of  constant  occurrence 
in  plants,  in  the  economy  of  which  they  perform  important,  but  not  yet 
perfectly  understood  functions.  The  potassium  is  derived  from  the  soil, 
which,  when  capable  of  supporting  vegetable  life,  always  contains  that 
substance.  When  plants  are  burned,  the  organic  acids  are  destroyed,  and 
the  potassium  is  left  in  the  state  of  carbonate. 

It  is  by  these  indirect  means  that  the  carbonate,  and  thence  nearly  all 
the  salts  of  potassium,  are  obtained.  The  great  natural  depository  of  the 
alkalies  is  the  felspar  of  granitic  and  other  unstratified  rocks,  where  it  is 
combined  with  silica,  and  in  an  insoluble  state.  The  extraction  thence  is 
attended  with  great  difficulties,  and  many  attempts  at  manufacturing  it  on 
a  large  scale  from  this  source  have  failed  ;  but  experiments  recently  made 
by  Mr.  T.  O.  Ward  appear  to  indicate  that  the  object  may  be  accomplished 
by  fusing  potassic  rocks  with  a  mixture  of  calcium  carbonate  and  fluoride. 
There  are,  however,  natural  processes  at  work,  by  which  the  potash  is 
constantly  being  eliminated  from  these  rocks.  Under  the  influence  of  at- 
mospheric agencies,  these  rocks  disintegrate  into  soils,  and  as  the  alkali 
acquires  solubility,  it  is  gradually  taken  up  by  plants,  and  accumulates 
in  their  substance  in  a  condition  highly  favorable  to  its  subsequent  appli- 
cations. 

Potassium-salts  are  always  most  abundant  in  the  green  and  tender  parts 
of  plants,  as  may  be  expected,  since  from  these,  evaporation  of  nearly  pure 
water  takes  place  to  a  large  extent :  the  solid  timber  of  forest  trees  contains 
comparatively  little. 

In  preparing  the  salt  on  an  extensive  scale,  the  ashes  are  subjected  to  a 
process  called  lixiviation  :  they  are  put  into  a  large  cask  or  tun,  having, 
near  the  bottom,  an  aperture  stopped  by  a  plug,  and  a  quantity  of  water 
IS  added.  After  some  hours  the  liquid  is  drawn  off,  and  more  water 
arlded,  that  the  whole  of  the  soluble  matter  may  be  removed.  The 
weakest  solutions  are  poured  upon  fresh  quantities  of  ash,  in  place  of 
water.  The  solutions  are  then  evaporated  to  dryness,  and  the  residue  is 
calcined,  to  remove  a  little  brown  organic  matter  :  the  product  is  the  crude 
potash  or  pearlash  of  commerce,  of  which  very  large  quantities  are  ob- 
tained from  Russia  and  America.  Tlie  salt  is  very  impure :  it  contains 
potassium  silicate,  sulphate,  chloride,  etc. 

The  purified  potassium  carbonate  of  pharmacy  is  prepared  from  the 
crude  article  by  adding  an  equal  weight  of  cold  water,  agitating  and 
filtering  ;  most  of  the  foreign  salts  are,  from  their  inferior  degree  of  solu- 
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bility,  left  behind.  The  Bolution  is  then  boiled  down  to  a  very  small 
bulk,  and  left  to  cool,  when  the  carbonate  separates  in  small  crystals 
containing  2  molecules  of  water,  K2CO,.2HjO ;  these  are  drained  from  the 
mother-liquor,  and  then  dried  in  a  stove. 

A  still  purer  salt  may  be  obtained  by  exposing  to  a  red  heat  purified 
cream  of  tartar  (acid  x>otassium  tartrate),  and  separating  the  carbonate 
by  solution  in  water  and  crystallization,  or  evaporation  to  dryness. 

Potassium  carbonate  is  extremely  deliquescent,  and  soluble  in  lees  than 
its  own  weight  of  water  :  the  solution  is  highly  alkaline  to  test-paper.  It 
is  insoluble  in  alcohol.  By  heat  the  water  of  crystallization  is  driven  off, 
and  by  a  temperature  of  full  ignition  the  salt  is  fused,  but  not  otherwise 
changed.  This  substance  is  largely  used  in  the  arts,  and  is  a  compound 
of  great  importance. 

Acid  potassium  carbonate,  Hydrogen  and  potassium  carbonate,  or  Monopotatsic 
carbonate,  KHCO3  ;  commonly  called  bicarbonate  q/'  potasft. — ^When  a  stream 
of  carbonic  acid  gas  is  passed  through  a  cold  solution  of  potassium  car- 
bonate, the  gas  is  rapidly  absorbed,  and  a  white,  crystalline,  less  soluble 
substance  separated,  which  is  the  acid  salt.  It  is  collected,  pressed,  re- 
dissolved  in  warm  water,  and  the  solution  is  left  to  crystallize. 

Acid  potassium  carbonate  is  much  less  soluble  than  the  normal  car- 
bonate, requiring  4  parts  of  cold  water  to  dissolve  it.  The  solution  is 
nearly  neutral  to  test-paper,  and  has  a  much  milder  taste  than  the  normal 
salt.  When  boiled  it  gives  off  carbon  dioxide.  The  crystals,  which  are 
large  and  beautiful,  derive  their  form  from  a  monoclinic  prism :  they  are 
decomposed  by  heat,  water  and  carbon  dioxide  being  evolved,  and  normal 
carbonate  left  behind  :— 

2KHC08  «=  KjCO,  -f  H,0  +  CO, . 

PotasBiam  Bulphates. — ^Potassium  forms  a  normal  or  neutral  sul- 
phate, two  acid  sulphates,  and  an  anhydrosulphate. 

Normal  potassium  sulphate,  or  Bipotassic  sulphate,  KjSO^  =  SOjCOK),  = 
K^O.SO,,  is  obtained  by  neutralizing  the  acid  residue  left  in  the  retort 
when  nitric  acid  is  prepared,  with  crude  potassium  carbonate.  The  solu- 
tion yields,  on  cooling,  hard,  transparent  crystals  of  the  neutral  sulphate, 
which  may  be  re-dissolved  in  boiling  water,  and  re-crystallized. 

Potassium  sulphate  is  soluble  in  about  10  parts  of  cold,  and  in  a  much 
smaller  quantity  of  boiling  water :  it  has  a  bitter  taste,  and  is  neutral  to 
test-paper.  The  crystals  are  combinations  of  rhombic  pyramids  and 
prisms,  much  resembling  those  of  quartz  in  figure  and  appearance  :  they 
are  anhydrous,  and  decrepitate  when  suddenly  heattnl,  which  is  often  the 
case  with  salts  containing  no  water  of  crystallization.  They  are  quite 
insoluble  in  alcohol. 

Acid  potassium  sulphate.  Hydrogen  and  potassium  sidphate,  or  Monopotassic 
sulphate,  KHSO4  ^  SO,(OK)(OH),  commonly  called  bisulphate  of  potash. — 
To  obtain  this  salt  the  neutral  sulphate  in  powder  is  mixed  with  half  its 
weight  of  oil  of  vitriol,  and  the  whole  evaporated  quite  to  dryness  in  a 
platinum  vessel  placed  under  a  chimney :  the  fused  salt  is  dissolved  in 
hot  water  and  left  to  crystallize.  The  crystals  have  the  figure  of  flattened 
rhombic  prisms,  and  are  much  more  soluble  than  the  neutral  salt,  requir- 
ing only  twice  their  weight  of  water  at  15.50  C.  (60O  F.),  and  less  than 
half  that  quantity  at  lOOO  C.  (212P  P.).  The  solution  has  a  sour  taste  and 
strongly  acid  reaction. 

I^tassium  Disulphate,  or  Pyrosidphate,  K^S^O,,  derived  from  Nordhausen 
sulphuric  acid,  H^SjO^,  and  commonly  called  anhydrous  bisulphate  of  potash, 
is  obtained  by  dissolving  equal  weights  of  the  normal  sulphate  and  oil  of 
vitriol  in  a  small  quantity  of  warm  distilled  water,  and  leaving  the  solu- 
tion to  cool. 


POTASSIUM.  801 

The  pyro-aulphate  crystallizes  out  in  long  delicate  needles,  which  if  left 
for  several  days  in  the  mother-liquor  dl^sappear,  and  give  place  to  crystals 
of  the  ordinary  acid  sulphate  above  described.  This  salt  is  decomposed 
by  a  large  quantity  of  water,  and  is  converted  by  strong  fuming  sulphuric 
acid  into  hifdrojtotassic  p^sulpkatej  KHS.^07,  which  crystallizes  in  trans- 
parent prisms.  The  neutral  pyrosulphate  in  fine  powder,  heated  with 
an  alcoholic  solution  of  potassium  hydrosulphide,  is  converted  iuto  sul- 
phate and  thiosulphate,  with  evolution  of  hydrogen  sulphide : — 

K,S,Oy  4-  2KHS  =  KjSO^  +  K^Sfi^  +  HjS . 

PotaBBluin  Sulphides. — Potassium  heated  in  sulphur  vapor  burns 
with  great  brilliancy.  It  unites  with  sulphur  in  five  different  proportions, 
forming  the  compounds  KgS,  K^S,,  K,S,,  K^S^,  E^Sj ;  also  a  hydrosulphide 
or  sulphydrate,  KUS. 

MonoBulphide^  K^S. — It  is  doubtful  whether  this  compound  has  been  ob- 
tained in  the  pure  state.  It  is  commonly  said  to  be  produced  by  heating 
potassium  sulphate  in  a  current  of  dry  hydrogen,  or  by  igniting  the  same 
Bait  in  a  covered  vessel  with  finely-divided  charcoal ;  but,  according  to 
Bauer,  one  of  the  higher  sulphides  is  always  formed  at  the  same  time, 
together  with  oxide  of  potassium.  The  product  has  a  reddish-yellow 
color,  is  deliquescent,  and  acts  as  a  caustic  on  the  skin.  When  potassium 
sulphate  is  heated  in  a  covered  crucible  with  excess  of  lamp-black,  a  mix- 
ture of  potassium  sulphide  and  finely-divided  carbon  is  obtained,  which 
takes  fire  spontaneously  on  coming  in  contact  with  the  air.  The  monosul- 
phide  might  perhaps  be  obtained  pure  by  heating  1  molecule  of  potassium 
sulphydrate,  KHS,  with  1  atom  of  the  metal. 

When  Bulphydric  acid  gas  is  passed  to  saturation  into  a  solution  of 
caustic  potash,  a  solution  of  the  suiphydrate  is  obtained,  which  is  color- 
less at  first,  but,  if  exposed  to  the  air,  quickly  absorbs  oxygen,  and  turns 
yellow,  in  consequence  of  the  formation  of  bisulphide  : — 

2KHS  -f  0  =  K,Sj  +  HjO. 

If  a  solution  of  potash  be  divided  into  two  parts,  one-half  saturated 
with  hydrogen  sulphide,  and  then  mixed  with  the  other,  a  solution  is 
formed  which  may  contain  potassium  monosulphide  : — 

KHS  -f  KHO  =  KjS  +  H,0. 

But  it  is  also  possible  that  the  hydroxide  and  hydrosulphide  may  mix  with- 
out mutual  decomposition.  The  solution,  when  mixed  with  one  of  the 
stronger  acids,  gives  oflT  hydrogen  sulphide  without  deposition  of  sulphur, 
a  reaction  which  is  consistent  with  either  view  of  its  constitution. 

The  bisulphide^  ^^S,,  is  formed,  as  already  observed,  on  exposing  a  solu- 
tion of  the  hydrosulphide  to  the  air  till  it  begins  to  show  turbidity.  By 
evaporation  in  a  vacuum,  it  is  obtained  as  an  orange-colored,  easily  fusible 
substance. 

The  trisulphide^  K^S,,  is  obtained  by  passing  the  vapor  of  carbon  bi- 
sulphide over  ignited  potassium  carbonate,  as  long  as  gas  continues  to 
escape : — 

2K,C0,  +  3CS,  =  2KjS3  +400+  COj. 

Also,  together  with  potassium  sulphate,  forming  one  of  the  mixtures  called 
liver  of  sulphury  by  melting  552  parts  (4  molecules)  of  potassium  carbonate 
with  320  parts  (10  atoms)  of  sulphur : — 
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4K,C0,  +  Sjo  =  K^O^  +  SK^Ss  +  400,. 
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The  ietramlphide,  K^^,  is  formed  bj  reducing  potassium  sulphate  with 
the  vapor  of  carbon  bisulphide. 

The  pentasulpkide,  K9S5,  is  formed  bj  boiling  a  solution  of  any  of  the  pre- 
ceding sulphides  with  excess  of  sulphur  till  it  is  saturated,  or  by  fusing 
either  of  them  in  the  dry  state  with  sulphur.  The  excess  of  sulphur  then 
separates  and  floats  above  the  dark-brown  pentasulphide. 

Liver  of  sulphur^  or  hepar  sulphurisj  is  a  name  given  to  a  brownish  sub- 
stance, sometimes  used  in  medicine,  made  by  fusing  together  different  pro- 
portions of  potassium  carbonate  and  sulphur.  It  is  a  variable  mixture  of 
the  two  higher  sulphides  with  thiosulphate  and  sulphate  of  potassium. 

When  equal  parts  of  sulphur  and  dry  potassium  carbonate  are  melted 
together  at  a  temperature  not  exceeding  250^  C.  (482^  F.),  the  decompo- 
sition of  the  salt  is  quite  complete,  and  all  the  carbon  dioxide  is  expelled. 
The  fused  mass  dissolves  in  water,  with  the  exception  of  a  little  mechani- 
cally mixed  sulphur,  with  dark-brown  color,  and  the  solution  is  found  to 
contain  nothing  besides  pentasulphide  and  thiosulphate  of  potassium  : — 

3KgO  -f  Sj,  sa  2K^5  4-  KgSjO,. 

When  the  mixture  has  been  exi>osed  to  a  temperature  approaching  that 
of  ignition,  is  is  found,  on  the  contrary,  to  contain  potassium  sulphate, 
arising  from  the  decomposition  of  the  thiosulphate  which  then  occurs  : — 

4K^fi^  =  K2S5  +  3X^0^. 

From  both  these  mixtures  the  i)otassium  pentasulphide  may  be  extracted 
by  alcohol,  in  which  it  dissolves. 

When  the  carbonate  is  fused  with  half  its  weight  of  sulphate  only, 
the  trisulphide  is  produced,  as  above  indicated,  instead  of  the  penta- 
sulphide. 

The  effects  described  happen  in  the  same  manner  when  potassium 
hydroxide  is  substituted  for  the  carbonate ;  also,  when  a  solution  of  the 
hydroxide  is  boiled  with  sulphur,  a  mixture  of  sulphide  and  thiosulphate 
always  results. 

Potassium  salts  are  colorless  when  not  associated  with  a  colored  metallic 
oxide  or  acid.  They  are  all  more  or  less  soluble  in  water,  and  may  be  dis- 
tinguished by  the  following  characters  : — 

(1)  Solution  of  tartaric  acid^  added  in  excess  to  a  moderately  strong  solu- 
tion of  a  potassium-salt,  gives,  after  some  time,  a  white  crystalline  pre- 
cipitate of  cream  of  tartar ;  the  effect  is  greatly  promoted  by  strong 
agitation. 

(2)  Solution  of  platinic  chloride j  with  a  little  hydrochloric  acid,  if  neces- 
sary, gives,  under  similar  circumstances,  a  crystalline  yellow  precipitate, 
which  is  a  double  salt  of  platinum  tetrachloride  and  potassium  chloride. 
Both  this  compound  and  cream  of  tartar  are,  however,  soluble  in  about 
60  parts  of  cold  water.  An  addition  of  alcohol  increases  the  delicacy  of 
both  tests. 

(3)  Pinrchloric  acid^  and  silicoflwnic  acid^  give  rise  to  slightly  soluble  white 
precipitates  when  added  to  a  potassium-salt. 

(4)  Potassium  salts  usually  color  the  outer  blow-pipe  flame  purple  or 
violet ;  this  reaction  is  clearly  perceptible  only  when  the  potassium-salts 
are  pure. 

(5)  The  sjiectral  phenomena  exhibited  by  potassium  compounds  are 
mentioned  at  page  87. 
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SODIUM. 

Atomic  weight,  2S.    Symbol,  Na  (Natrium). 

Sodium  is  a  very  abundant  element,  and  verj  widely  diffused.  It  occnrs 
in  large  quantities  as  chloride,  in  rock-salt,  sea-water,  salt-springs,  and 
many  other  mineral  waters ;  more  rarely  as  carbonate,  borate,  and  sul- 
phate, in  solution  or  in  the  solid  state,  and  as  silicate  in  many  minerals. 

Metallic  sodium  was  obtained  by  Davy  soon  after  the  discovery  of  potas- 
sium, and  by  a  similar  means.  Gay-Lussac  and  Th^nard  afterwards  pre- 
pared it  by  decomposing  sodium  hydroxide  with  metallic  iron  at  a  white 
heat ;  and  Brunner  showed  that  it  may  be  prepared  with  much  greater 
facility  by  distilling  a  mixture  of  sodium  carbonate  and  charcoal. 

The  preparation  of  sodium  by  this  last-mentioned  process  is  much  easier 
than  that  of  potassium,  not  being  complicated,  or  only  to  a  slight  extent, 
by  the  formation  of  secondary  products.  Within  the  last  few  years  it  has 
been  considerably  improved  by  Deville  and  others,  and  carried  out  on  the 
manufacturing  scale,  sodium  being  now  employed  in  considerable  quantity 
as  a  reducing  agent,  especially  in  the  manufacture  of  aluminium  and  mag- 
nesium, and  in  the  silver  amalgamation  process. 

The  sodium  carbonate  used  for  the  preparation  is  prepared  by  calcining 
the  crystallized  neutral  carbonate.  It  must  be  thoroughly  dried,  then 
pounded,  and  mixed  with  a  slight  excess  of  pounded  charcoal  or  coal. 
An  inactive  substance,  viz.,  pounded  chalk,  is  also  added  to  keep  the  mix- 
ture in  a  pasty  condition  during  the  operation,  and  prevent  the  fused 
sodium  carbonate  from  separating  from  the  charcoal.  The  following  are 
the  proportions  recommended  by  Deville  :— 


For  Laboratory  Operations* 

Dry  sodium  carbonate   .    717  parts. 
Charcoal         .         .         .175      ** 
Chalk    .         .        .        .     108     " 


For  Manufacturing  Operations. 
Dry  sodium  carbonate    .     30  kilogr. 


Coal 
Chalk 


13 
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These  materials  must  be  very  intimately  mixed  by  pounding  and  sifting, 
and  it  is  advantageous  to  calcine  the  mixture  before  introducing  it  into 
the  distilling  apparatus,  provided  the  calcination  can  be  effected  by  the 
waste  heat  of  a  furnace ;  the  mixture  is  thereby  rendered  more  compact, 
so  that  a  much  larger  quantity  can  be  introduced  into  a  vessel  of  given 
size. 

The  distillation  is  performed,  on  the  laboratory  scale,  in  a  mercury 
bottle  heated  exactly  in  the  manner  described  for  the  preparation  of  potas- 
sium. For  manufacturing  operations,  the  mixture  is  introduced  into  iron 
cylinders,  which  are  heated  in  a  reverberatory  furnace,  and  so  arranged 
that,  at  the  end  of  the  distillation,  the  exhausted  charge  may  be  with- 
drawn and  a  fresh  charge  introduced,  without  displacing  the  cylinders  or 
putting  out  the  Are.  The  receivers  used  in  either  case  are  the  same  in 
form  and  dimensions  as  those  employed  in  the  preparation  of  potassium 
(p.  293). 

When  the  process  goes  on  well,  the  sodium  collected  in  the  receivers  is 
nearly  pure ;  it  may  be  completely  purified  by  melting  it  under  a  thin 
layer  of  petroleum.  This  liquid  is  decanted  as  soon  as  the  sodium  becomes 
perfectly  fluid,  and  the  metal  is  run  into  moulds  like  those  used  for  casting 
leai  or  zinc. 

Sadiam  is  a  silver-white  metal,  greatly  resembling  potassium  in  every 
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respect.  Its  specific  gravity  is  0.972.  It  is  soft  at  common  tcmperatnreSf 
melts  at  97. GO  C.  (207.7^  F.),  and  oxidizes  very  rapidly  in  the  air.  When 
placed  on  the  surface  of  cold  water,  it  decomposes  that  liquid  with  great 
violence,  but  seldom  takes  fire  unless  the  motions  of  the  fragment  are  re- 
strained, and  its  rapid  cooling  is  diminished  by  adding  gum  or  starch  to 
the  water.  With  hot  water  it  takes  fire  at  once,  burning  with  a  bright 
yellow  flame,  and  producing  a  solution  of  soda. 

Sodium  Chloride ;  Common  Salt,  NaCl. — ^This  very  important  sub- 
stance is  found  in  many  parts  of  the  world  in  solid  beds  or  irregular  strata 
of  immense  thickness,  as  in  Cheshire,  Spain,  Oalicia,  and  many  other 
localities.  An  inexhaustible  supply  exists  also  in  the  waters  of  the  ocean, 
and  large  quantities  are  obtained  from  saline  springs. 

Rock-salt  is  almost  always  too  impure  for  use.  If  no  natural  brine- 
spring  exists,  an  artificial  one  is  formed  by  sinking  a  shaft  into  the  rock- 
salt,  and,  if  necessary,  introducing  water.  This  when  saturated  is  pumped 
up,  and  evaporated  more  or  less  rapidly  in  large  iron  pans.  As  the  salt 
separates,  it  is  removed  from  the  bottom  of  the  vessel  by  means  of  a  scoop, 
pressed  while  still  moist  into  moulds,  and  then  transferred  to  the  drying- 
stove.  When  large  crystals  are  required,  as  for  the  coarse-grained  bay-saU 
used  in  curing  provisions,  the  evaporation  is  slowly  conducted.  Common 
salt  is  apt  to  be  contaminated  with  magnesium  chloride. 

Sodium  chloride,  when  pure,  is  not  deliquescent  in  moderately  dry  air. 
It  crystallizes  in  anhydrous  cubes,  which  are  often  grouped  together  into 
pyramids,  or  steps.  It  requires  about  2J  parts  of  water  at  60^  F.  for  solu- 
tion, and  its  solubility  is  not  sensibly  increased  by  heat ;  it  dissolves  to 
some  extent  in  spirit  of  wine,  but  is  nearly  insoluble  in  absolute  alcohol. 
It  melts  at  a  red  heat,  and  is  volatile  at  a  still  higher  temperature.  The 
economical  uses  of  common  salt  are  well  known. 

The  iodide  and  bromide  of  sodium  much  resemble  the  corresponding  potas- 
sium compounds :  they  crystallize  in  cubes,  which  are  anhydrous,  and 
very  eoluble  in  water. 

Sodlnm  Oaddes. — Sodium  forms  a  monoxide  and  a  dioxide ;  also  a 
hydroxide  corresponding  with  the  former. 

Sodium  Monoxidey  or  Anhydrous  Soda,  Na^O,  is  produced,  together  with 
the  dioxide,  when  sodium  burns  in  the  air,  and  may  be  obtained  pure  by 
exposing  the  dioxide  to  a  very  high  temperature ;  or  by  heating  sodium 
hydroxide  with  an  equivalent  quantity  of  sodium :  2NaII()  •+■  Naj  = 
2Na20  -I-  H,.  It  is  a  gray  mass,  which  melts  at  a  red  heat,  and  volatilizes 
witli  difficulty. 

Sodium  Hydroxide,  or  Caustic  Soda,  NaHO,  or  NajO.H^O. — ^This  substance 
is  prepared  by  decomposing  a  somewhat  dilute  solution  of  sodium  carbon- 
ate with  calcium  hydroxide :  the  description  of  the  process  employed  in 
the  case  of  potassium  hydroxide,  and  the  precautions  necessary,  apply 
word  for  word  to  that  of  sodium  hydroxide. 

The  solid  hydroxide  is  a  white  fusible  substance,  very  similar  in  proper- 
ties to  potassium  hydroxide.  It  is  deliquescent,  but  dries  up  again  after 
a  time  in  consequence  of  the  absorption  of  carbonic  acid.  The  solution  is 
highly  alkaline,  and  a  powerful  solvent  for  animal  matter :  it  is  used  in 
large  quantity  for  making  soap. 

The  strength  of  a  solution  of  caustic  soda  may  bo  roughly  determined 
from  a  knowledge  of  its  density,  by  the  aid  of  the  following  table  drawn 
up  by  Dalton :— 
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TABLB   OF   PBBCE5TA0Sa  OF  ANHTDBOrS  SODA,  Na,0,  l^   SOLUTIONS  OF 

DIPFEBEKT   DENSITY. 


Deniity. 

2.00 
1.85 
1.72 
1.63 
1.55 
1.50 
1.47 
1.44 


Percentage  of 
anhydrous  soda. 

77.8 
63.6 
53.8 
46.6 
41.2 
36.8 
34.0 
31.0 


Denaity. 

Percentage  of 
anhydrous  soda. 

1.40 

29.0 

1.36 

26.0 

1.32 

23.0 

1.29 

19.0 

1.23 

16.0 

1.18 

13.0 

1.12 

9.0 

1.06 

4.7 

Sodium  Dioxide^  Na,0,. — Sodium,  when  heated  to  abont  200O  C.  (3920 
F.)  in  a  current  of  dry  air,  absorbs  oxygen,  and  is  converted  into  dioxide  ; 
this  substance  is  white,  but  becomes  yellow  when  heated,  which  tint  it 
again  loses  on  cooling.  It  dissolves  in  water  without  decomposition  :  the 
solution  may  be  evaporated  under  the  receiver  of  the  air-pump,  and,  when 
sufficiently  concentrated,  deposits  crystalline  plates  having  the  composition 
Na,0,.81IjO.  These  crystals,  left  to  effloresce  over  oil  of  vitriol  for  nine 
days,  lose  three-fourths  of  their  water,  and  yield  another  hydrate  contain- 
ing Na,022H,0.  The  aqueous  solution  of  sodium  dioxide  when  heated  on 
the  water-bath,  is  decomposed  into  oxygen  and  the  monoxide. 

Soditim  Nitrate,  NaNO,. — ^This  salt,  sometimes  called  Cubic  nitres  or 
Chile  saltpetre^  occurs  native,  and  in  enormous  quantity,  at  Tarapaca,  in 
Northern  Peru,  where  it  forms  a  regular  bed,  of  great  extent,  along  with 
gypsum,  oonmion  salt,  and  remains  of  recent  shells.  The  pure  salt  com- 
monly crystallizes  in  rhorabohedrons,  resembling  those  of  calcareous  spar. 
It  is  deliquescent,  and  very  soluble  in  water.  Sodium  nitrate  is  employed 
for  making  nitric  acid,  but  cannot  be  used  for  gunpowder,  as  the  mixture 
barns  too  slowly,  and  becomes  damp  in  the  air.  It  has  been  lately  used 
with  some  success  in  agriculture  as  a  superficial  manure  or  top-dressing  ; 
also,  for  preparing  potassium  nitrate  (p.  297). 

Bodinm  Carbonates. — ^The  Neutral  or  Disodic  Carbonate,  'Na^CO^MJlfij 
was  once  exclusively  obtained  from  the  ashes  of  sea-weeds,  and  of  plants, 
such  as  the  SaUola  aodaj  which  grow  bj  the  seaside,  or,  being  cultivated 
in  suitable  localities  for  the  purpose,  are  afterwards  subjected  to  incinera- 
tion. The  bariUay  still  employed  to  a  small  extent  in  soap-making,  is  thus 
proiluced  in  several  places  on  the  coast  of  Spain,  as  at  Alicante,  Cartha- 
gena,  etc.     That  made  in  Brittany  is  called  varec. 

Sodium  carbonate  is  now  manufactured  on  a  stupendous  scale  from  com- 
mon salt  by  a  series  of  processes  which  may  be  divided  into  two  stages  : — 

(1)  Manufacture  of  sodium  sulphate,  or  salt-cake,  from  sodium  chloride 
(common  salt);  this  is  called  the  salt-cake  process. 

(2)  Manufacture  of  sodium  carbonate,  or  soda-ash  ;  called  the  soda-ash 
process. 

(1)  Salt-cake  process. — ^This  process  consists  in  the  decomposition  of  com- 
mon salt  by  sulphuric  acid,  and  is  effected  in  a  furnace  called  the  Salt- 
cake  furnace,  of  which  fig.  149  represents  a  section.  It  consists  of  a  large 
covered  iron  pan,  placed  in  the  centre,  and  heated  by  a  fire  underneath  ; 
and  two  roasters,  or  reverberatory  furnaces,  placed  one  at  each  end,  and 
on  the  hearths  of  which  the  salt  is  completely  decomposed.  The  charge 
of  half  a  ton  of  salt  is  first  placed  in  the  iron  pan,  and  then  the  requisite 
quantity  of  sulphuric  acid  is  allowed  to  pass  in  upon  it.     Hydroohlorio 
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ayid  is  evolved,  and  escapes  through  a  flue,  with  the  products  of  combus- 
tion, into  towers  or  scrubbers,  filled  with  coke  and  bricks  moistened  with 
a  stream  of  water ;  the  acid  vapors  are  thus  condensed,  and  the  smoke 
and  heated  air  pass  up  the  chimney.     After  the  mixture  of  salt  and  acid 

Fig.  U9. 


has  been  heated  in  the  iron  pan,  it  becomes  converted  into  a  solid  mass 
of  acid  sodium  sulphate  and  undecomposcd  sodium  chloride : — 

2NaCl  +  HjSO^  =  NaCl  +  NaHSO^  +  HCl. 

It  is  then  raked  on  to  the  hearths  of  the  furnaces  at  each  side  of  the 
decomposing  pan,  where  the  flame  and  heated  air  of  the  fire  complete  the 
decomposition  into  neutral  sodium  sulphate  and  hydrochloric  acid : — 

NaCl  +  NaHSO^  ==  Na^SO^  +  HCl. 

(2)  Soda-ash  process, — The  sulphate  is  next  reduced  to  jwwder,  and 
mixed  with  an  equal  weight  of  chalk  or  limestone,  and  half  as  much  small 
coal,  both  ground  or  crushed.  The  mixture  is  thrown  into  a  reverberatorjr 
furnace,  and  heated  to  fusion,  with  constant  stirring.  When  the  decom- 
position is  judged  complete,  the  melted  matter  is  raked  from  the  furnace 
into  an  iron  trough,  where  it  is  allowed  to  cool.  This  crude  product,  called 
black  ash  or  haU-soda^  is  broken  up  into  little  pieces,  when  cold,  and  lixivi- 
ated with  cold  or  tepid  water.  The  solution  is  evaporated  to  dryness,  and 
the  salt  calcined  with  a  little  sawdust  in  a  suitable  furnace.  The  product 
is  the  soda  ash  or  British  alkali  of  commerce,  which,  when  of  good  quality, 
contains  from  48  to  52  per  cent,  of  anhydrous  soda,  Na,0,  partly  in  the 
state  of  carbonate,  and  partly  as  hydroxide,  the  remainder  being  chiefly 
sodium  sulphate  and  common  salt,  with  occasional  traces  of  sulphite  or 
thiosulphate,  and  also  cyanide  of  sodium.  By  dissolving  soda-ash  in  hot 
water,  filtering  the  solution,  and  then  allowing  it  to  cool  slowly,  the  car- 
bonate is  deposited  in  large  transparent  crystals. 

The  reaction  which  takes  place  in  the  calcination  of  the  sulphate  with 
chalk  and  coal-dust  seems  to  consist,  first,  in  the  conversion  of  the  sodium 
sulphate  into  sulphide  by  the  aid  of  the  combustible  matter,  and,  secondly, 
in  the  interchange  of  elements  between  that  substance  and  the  calcium 
carbonate  :— 

NajS  -f-  CaCOj  =  CaS  +  Na^CO,. 

Several  other  processes  for  the  manufacture  of  soda  have  been  devised 
and  even  carried  into  execution,  but  the  only  one  which  appears  to  hold  out 
any  prospect  of  commercial  success  is  that  which  is  called  the  "ammonia 
soda-process.*'*  This  method,  first  suggested  about  forty  years  ago,  has 
been  tried  at  several  works  in  England  and  in  Germany.  It  consists  in 
decomposing  a  solution  of  common  salt  with  ammonium  bicarbonate, 
whereby  the  greater  part  of  the  sodium  is  precipitated  as  bicarbonate, 
while  the  ammonia  remains  in  solution  as  ammonium  chloride.     This  iat- 

*  Chemi8chG8  Gentralblatt,  1873,  p.  630 ;  1874,  pp.  274,  370,  COi. 
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ter  salt  is  heated  with  lime  to  liberate  ammonia,  which  is  then  reconverted 
into  bicarbonate  by  the  carbonic  acid  evolved  in  the  conversion  of  the  so- 
dium bicarbonate  into  monocarbonate  by  heat ;  and  the  ammonium  bicar- 
bonate thus  reproduced  is  employed  to  decompose  fresh  portions  of  sodium 
chloride,  so  that  the  process  is  made  continuous.  The  chief  advantages 
claimed  for  this  process  are  the  direct  conversion  of  the  sodium  chloride 
into  carbonate,  which  is  precipitated  from  the  concentrated  liquors  uu con- 
taminated with  salts  of  other  metals  ;  the  absolute  freedom  of  the  product 
from  sulphur-compounds  ;  and  lastly,  simplicity  of  plant,  saving  of  fuel, 
and  freedom  from  noxious  vapors  and  troublesome  secondary  products. 

The  chief  obstacle  to  its  profitable  employment  appears  to  be  that,  with 
certain  proportions  of  the  materials,  and  under  certain  conditions  of  tem- 
perature and  concentration,  a  reverse  reaction  takes  place,  whereby  the 
sodium  bicarbonate  and  ammonium  chloride  are  reconverted  into  ammo- 
nium carbonate  and  sodium  chloride. 

The  ordinary  crystals  of  sodium  carbonate  contain  ten  molecules  of 
water ;  but  by  particular  management  the  same  salt  may  be  obtained  with 
fifteen,  nine,  seven  molecules,  or  sometimes  with  only  one.  The  common 
form  of  the  crystals  is  derived  from  an  oblique  rhombic  prism  ;  they  efilo- 
resce  in  dry  air,  and  crumble  to  a  white  powder.  Heated,  they  fuse  in 
their  water  of  crystallization  ;  when  the  latter  has  been  expelled,  and  the 
dry  salt  exposed  to  a  full  red  heat,  it  melts  without  undergoing  change. 
The  common  crystals  dissolve  in  two  parts  of  cold,  and  in  less  than  their 
own  weight  of  boiling  water :  the  solution  has  a  strong,  disagreeable,  alka- 
line taste,  and  a  powerfully  alkaline  reaction. 

Hydrogen  and  Sodimn  Carbonate^  liydrosodic  Carbonate^  Monosodic  Carbonate^ 
Acid  Sodium  Carbonate^  NaHCO,  or  Na^COj.HjCOg,  commoiily  called  Bicar- 
bonate of  soda. — ^This  salt  is  prepared  by  passing  carbonic  acid  gas  into  a 
cold  solution  of  the  neutral  carbonate,  or  by  placing  the  crystals  in  an  at- 
mosphere of  the  gas,  which  is  rapidly  absorbed,  while  the  crystals  lose 
the  greater  part  of  their  water,  and  pass  into  the  new  compound. 

Monoeodic  carbonate,  prepared  by  either  process,  is  a  crystalline  white 
powder,  which  cannot  be  redissolved  in  warm  water  without  partial  <le- 
comj>osition.  It  requires  10  parts  of  water  at  15. 50  for  solution :  the 
liquid  is  feebly  alkaline  to  test-paper,  and  has  a  much  milder  taste  than 
that  of  the  neutral  carbonate.  It  does  not  precipitate  a  solution  of  mag- 
nesia.    By  exposure  to  heat,  the  salt  is  converted  into  neutral  carbonate. 

Dihydro^etrasodic  Carbonate,  ii&^li2iCO^)^.2ll^O, — ^This  salt,  commonly 
called  se^jfuicarbonate  of  soda,  may  be  regarded  as  a  compound  of  the  neu- 
tral and  acid  salts  (Na,CO,.2NalIC03).  It  occurs  native  on  the  banks  of 
the  soda  lakes  of  Sokenna,  near  Fezzan,  in  Africa,  where  it  is  called  tronai; 
also  as  urao,  at  the  bottom  of  a  lake  in  Maracaibo,  South  America.  It  is 
produced  artificially,  though  with  some  difficulty,  by  mixing  the  monosodic 
and  diosodic  carbonates  in  the  proportions  above  indicated,  melting  them 
together,  drying,  and  exposing  the  dried  mass  in  a  cellar  for  some  weeks  ; 
it  then  absorbs  water,  becomes  crystalline,  and  contains  spaces  filled  with 
the  tetrasodic  carbonate. 

Sodium  and  I\}tassium  Carbonate,  NaKCO,. 611,0,  separates  in  monoclinic 
crystals  from  a  solution  containing  the  two  carbonates  in  equivalent  pro- 
portions. 

A  mixture  of  these  two  carbonates  in  equivalent  proportions  melts  at  a 
much  lower  heat  than  either  of  the  salts  separately ;  such  a  mixture  ia 
v^y  useful  in  the  fusion  of  silicates,  etc. 

Alkalimetry. -^Analysis  of  Alkaline  Hydroxides  and  Carbonates. 

The  amount  of  alkali  or  alkaline  carbonate  in  commercial  potash  soda, 
or  ammonia,  is  estimated  by  determining  the  quantity  of  an  acid  of  given 
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strength  required  to  neutralize  a  given  weight  of  the  sample.  The  esti- 
mation depends  upon  the  facts  that  the  alkaline  salts  of  strong  acids  (sul- 
phuric, oxalic,  etc.)  are  neutral  to  litmus  :  and  that  the  violet  solution  of 
litmus  is  colored  blue  by  caustic  alkalies  or  alkaline  carbonates,  wine-red 
hy  carbonic  acid,  and  light  red  by  strong  acids. 

The  first  step  is  the  preparation  of  the  standard  acid.  It  is  best  to 
make  this  liquid  of  such  strength  that  1000  cubic  centimetres  (1  litre) 
shall  contain  exactly  one  ^  gram-molecule  (i,  e.,  1  molecule  expressed  in  ^ 
grams)  of  the  acid. 

About  70  grams  of  concentrated  sulphuric  acid  are  diluted  with  about 
600  grams  of  water  ;  when  the  mixture  is  cool,  the  volume  of  it  necessary 
to  saturate  5.3  grams  (one  ^  decigram-molecule)  of  pure  anhydrous  sodium 
carbonate,  Na^COj,  is  determined.*  For  this  purpose  5.3  grams  of  freshly 
ignited  sodium  carbonate  are  dissolved  in  hot  water,  the  solution  colored 
blue  with  a  few  drops  of  litmus,  and  the  acid  added  from  a  burette  or 
alkalimetre  (p.  309),  at  last  drop  by  drop,  till  the  color  just  passes  from 
wine-red  to  light  red,  and  till  strips  of  litmus-paper,  moistened  with  the 
solution,  begin  to  retain  the  color  when  dry.  The  volume  of  acid  em- 
ployed is  then  noted,  and  the  whole  diluted  so  as  to  approximate  to  the 
required  strength.  Suppose,  for  instance,  37  cubic  centimetres  of  acid 
liave  been  usckI  :  water  is  then  added  till  every  100  volumes  is  diluted  to 
250  volumes,  and  another  determination  is  made.  If  90  cubic  centimetres 
are  now  required  to  saturate  the  ^  decigram  alkaline  solution,  every  90 
volumes  of  the  acid  must  be  diluted  to  100,  and  the  result  controlled  by  a 
fresh  determination ;  100  cubic  centimetres  of  this  acid  should  exactly 
saturate  5.3  grains  of  sodium  carbonate,  and  will  contain  1  half-decigram- 
molecule  of  acid  ;  2  cubic  centimetres  will,  therefore,  contain  1  milligram- 
molecule  (0.098  gram),t  and  will  saturate  2  milligram-molecules  of  an 
alkali  (KlIO  or  NaliO)  or  1  milligram-molecule  of  an  alkaline  carbonate 
(KjCOj  or  NajCOj). 

To  estimate  the  proportion  of  alkali  in  a  commercial  sample,  a  weighed 
portion  of  the  substance  is  dissolved  in  water  (if  a  solid)  ;  a  few  drops  of 
litmus  are  added ;  the  standard  acid  is  added  from  a  burette,  until  the 
Ill's t  permanent  appearance  of  a  light  nxl  color  ;  and  the  volume  of  acid 
employed  is  read  off.  £ach  cubic  centimetre  of  acid  corresponds  to  1 
milligram-molecule  of  alkali,  or  1  half  milligram-molecule  of  alkaline  car- 
bonate ;  I.  c,  to  0.053  gram  of  sodium  carbonate,  NSjCOj,  0.069  gram  po- 
tassium carbonate,  K^CO,,  0.040  gram  of  caustic  soda,  NallO,  0.056  gram 
of  caustic  potash,  KHO,  and  0.017  gram  of  ammonia,  NH, ;  and  a  simple 
proportion  gives  the  amount  of  alkali  or  alkaline  carbonate  present  (e.  5., 
100  :  6.9  :  :  number  of  cubic  centimetres  employed  :  potassium  carbonate 
present).  By  operating  on  100  times  the  J  milligram-molecule  (<•.  ^.,  6.9 
grams  in  the  case  of  potassium  carbonate,  5.3  grams  in  the  case  of  sodium 
carbonate)  all  calculation  is  saved :  for  as  this  amount,  if  present,  would 
rcHjuire  100  cubic  centimetres  of  acid  for  its  saturation,  tlie  number  of 
cubic  centimetres  actually  required  at  once  indicates  the  percentage  of 
alkaline  carlwnate.  The  burettes  commonly  used  contain  50  cubic  centi- 
metres, and  are  graduated  into  half  cubic  centimetres ;  so  that  by  operat- 
ing on  50  times  the  J  milligram-molecule,  the  number  of  divisions  employed 
indicates  the  percentage. 

Sometimes,  instead  of  exactly  neutralizing  the  alkali  with  the  standard 
acid,  it  is  better  to  add  the  acid  till  the  litmus  assumes  a  distinct  light 
red  color,  then  boat  the  solution  to  boiling,  and  add  a  small  excess  (5  to 
10  cubic  centimetres)  of  acid.     The  hot  solution  is  freed  from  carbonic 

•  The  moleoule  of  Bocllnm  carbon  Ate,  N«,CO-,  welphs  2X23-fl24-8Xl^«*  108. 
t  TLe  molecular  weight  of  sulphuric  acid,  U^Of,  ia98-2-i-82  +  4X10. 
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acid  by  agitation  and  bj  drawing  air  through  it  with  a  glass  tube ;  and 
then  neutralized  with  a  standard  solution  of  caustic  soda  (100  cubic  ccu- 
tjnietres  of  which  exactly  saturate  100  cubic  centimetres  of  the  standard 
acid)  till  the  color  just  changes  from  red  to  blue.  Since  the  acid  and 
alkaline  solutions  neutralize  each  other  volume  for  volume,  it  is  only 
necessary  to  deduct  the  number  of  cubic  centimetres  employed  of  the 
latter  from  that  of  the  former,  and  calculate  the  amount  of  alkali  from  the 
residue.  This  method,  called  the  iiuiirect  or  residual  method,  is  preferable 
to  the  direct  method  previously  described  for  the  analysis  of  carbonates, 
since  the  change  from  blue  to  red  is  more  distinctly  marked  than  that 
from  one  shade  of  red  to  another. 

The  standard  solution  of  caustic  soda  must  be  kept  in  a  flask,  into  the 
cork  of  which  is  inserted  a  calcium  chloride  tube  filled  with  a  mixture  of 
sodium  sulphate  and  quicklime,  which  effectually  prevents  the  absorption 
of  carbonic  acid.  If  ♦he  burette  be  closed  with  a  similar  tube,  the  soda- 
solution  may  remain  in  it  for  days. 

The  **alkalimeter'*  or  •*  burette"  is  a  glass  tube  (fig.  150)  closed  at  one 
end  and  moulded  into  a  spout  or  lip  at  the  other,  and  marked  with  any 
oonvenient  scale  of  equal  parts,  generally,  as  above  mentioned, 
into  100  half  cubic  centimetres.*  A  strip  of  paper  is  pasted 
on  the  tube  and  suffered  to  dry,  after  which  tlie  instrument  is 
graduated  by  counterpoising  it  in  a  nearly  upright  position  in 
the  pan  of  a  balance  of  moderate  delicacy,  and  weighing  into 
it,  in  succession,  5,  10,  15,  20,  etc.,  grams  of  distilled  water  at 
4^  C.  until  the  whole  quantity,  amounting  to  50  grams  (50 
cubic  centimetres),  hiis  been  introduced,  the  level  of  the  water 
in  the  tube  being,  after  each  addition,  carefully  marked  with 
a  pen  upon  the  strip  of  paper,  while  the  tube  is  held  quite  up- 
right, and  the  mark  made  between  the  top  and  bottom  of  the 
curve  formed  by  the  surface  of  the  water.  The  smaller  divi- 
sions of  the  scale,  of  a  half  cubic  centimetre  each,  may  then 
be  made  by  dividing  with  compasses  each  of  the  spaces  into 
ten  equal  parts.  When  the  graduation  is  complete,  and  the 
operator  is  satisfied  with  its  accuracy,  the  marks  may  be  trans- 
ferred to  the  tube  itself  by  a  sharp  file,  and  the  paper  removed 
by  a  little  warm  water.  The  numl)ers  are  scratched  on  the 
glass  with  the  hard  end  of  the  same  file,  or  with  a  diamond. 
Or  the  glass  is  covered  with  etching  wax,  the  scale  traced  upon 
it  with  a  fine  needle  point,  and  the  marks  etched  by  exposing 
the  tube  to  the  vapor  of  hydrofluoric  acid. 

The  alkalimeter,  represented  in  fig.  150,  is  the  simplest  form 
of  this  instrument.  The  pouring  out  of  minute  quantities  is, 
however,  greatly  facilitated  by  providing  the  measure  with  a 
narrow  dropping  tube,  fig.  151,  the  lower  extremity  of  which  is  soldered 
into  the  measure,  whilst  the  upper  one  is  bent  outward  and  sharply  cut 
off.  This  kind  of  burette,  which  is  known  as  Gay-Lussac's,  is  chiefly  used 
in  France.  The  liquid  may  be  very  conveniently  poured  from  it ;  but  it 
is  rather  easily  broken,  so  that  its  manipulation  requires  a  good  deal  of 
care.  This  defect  is  greatly  obviated  in  the  burette,  tig.  152,  in  which  the 
graduated  tube  is  provided  with  a  spout  at  the  top,  there  being  at  the 
same  time  an  orifice  for  pouring  in  the  liquid. 

A  very  elegant  instrument  has  been  contrived  by  Dr.  Mohr,  of  Coblentz. 
It  is  a  graduated  tube,  drawn  out  at  one  end  to  a  point,  to  which  is  at- 
tached, by  means  of  a  narrow  vulcanized  caoutchouc  tube,  a  short  glass 

*  It  may  also  bo  divided  Into  1000  graln-monsuros,  the  grain-menBure  bein^  the 
cnpaeity  of  n  grnln  of  distilled  water  At  9^^  F.  \  70,000  such  xncasures  go  to  an  Im- 
perial gallon,  and  S750  to  a  piut. 
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tube,  likewise  drawn  out  to  a  point  (fig.  153).  There  is  a  small  space 
(about  i  inch)  between  the  two  tubes,  ux)on  which  is  fixed  a  metallic  clamp, 
Uf  represented  in  its  actual  dimensions  in  fig.  154.  This  clamp  shuts  oil 
tile  connection  between  the  graduated  cylinder  and  the  small  glass  tube. 
By  pressing  with  the  finger  upon  the  ends  6  6,  of  this  clamp,  it  opens,  and 
allows  the  liquid  to  flow  out  of  the  lower  tube.     It  is  evident  that  by  thia 
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arrangement  the  amount  of  liquid  may  be  regulated  with  the  greatest 
nicety. 

It  is  often  desirable,  in  the  analysis  of  carbonates,  to  determine  directly 
the  proportion  of  carbonic  acid :  the  following  methods  give  very  exact 
results  : — 

A  small  light  glass  fla.sk  of  three  or  four  ounces  capacity  with  lipped 
edge,  is  chosen,  and  a  cork  fitted  to  it.     A  piece  of  tube  about  three  inches 

long  is  drawn  out  at  one  extremity,  and  fitted,  by  means 
of  a  small  cork  and  a  bit  of  bent  tube,  to  the  cork  of 
the  flask.  This  tube  is  filled  with  fragments  of  calcium 
chloride,  prevented  from  escaping  by  a  little  cotton  at 
either  end  :  the  joints  are  secured  by  sealing-wax.  A 
short  tube,  closed  at  one  extremity,  and  small  enongh 
to  go  into  the  flask,  is  also  provided,  and  the  apparatus 
is  complete.  Fifty  grains  of  the  carbonate  to  be  exam- 
ined are  carefully  weighed  out  and  introduced  into  the 
flask,  together  with  a  little  water  ;  the  small  tube  is 
then  filled  with  oil  of  vitriol,  and  placed  in  the  flask  in 
a  nearly  upright  position,  and  leaning  against  its  sides 
in  such  a  manner  that  the  acid  does  not  escape.  The  cork  and  calcium 
chloride  tulw  are  then  adjusted,  and  tlie  whole  apparatus  is  accurately 
counterpoisiHl  on  the  balance.  This  done,  the  flask  is  slightly  inclined, 
so  that  the  oil  of  vitriol  may  slowly  mix  with  the  other  substances  and 
decompose  the  carbonate,  the  gas  from  which  escapes  in  a  dry  state  from 
the  extremity  of  the  tube.  When  the  action  has  entirely  ceased,  the  liquid 
is  heated  until  it  boils,  and  the  steam  begins  to  condense  in  the  drying- 
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tube ;  it  is  then  left  to  cool,  and  weighed,  when  the  loss  indicates  tlio 
quantity  of  carbon  dioxide.  The  acid  must  bo  in  excess  after  the  experi- 
ment. When  calcium  carbonate  is  thus  analyzed,  hydrochloric  acid  must 
be  substituted  for  the  sulphuric  acid. 

Instead  of  the  above  apparatus,  a  neat  arrangement  may  be  used,  which 
was  first  suggested  by  Will  and  Fresenius.  It  consists  of  two  small  glass 
flasks,  A  and  b,  the  latter  being  somewhat  smaller  than  the  former.  Kiieh 
of  the  flasks  is  provided  with  a  doubly  perforated  cork.  A  tube,  open  at 
both  ends,  but  closed  at  the  upper  extremity  by  means  of  a  small  quantity 
of  wax,  passes  through  the  cork  of  a  to  the  very  bottom  of  the  flask,  whilst 
a  second  tube,  reaching  to  tlie  bottom  of  b, 
establishes  a  communication  between  the  two 
flasks.  The  cork  of  b  is  provided,  moreover, 
with  a  short  tube,  d.  In  order  to  analyze  a 
carbonate,  a  suitable  quantity  (fifty  grains)  is 
put  into  A,  together  with  some  water,  b  is 
half  filled  with  concentrated  sulphuric  acid, 
the  apparatus  tightly  fitted  and  weighed.  A 
small  quantity  of  air  is  now  sucked  out  of 
flask  B  by  means  of  the  tube  cf,  whereby  the 
air  in  a  is  likewise  rarefied.  On  allowing  the 
air  to  return,  a  quantity  of  the  sulphuric  acid 
ascends  to  the  tube  c,  and  flows  over  into  fiask 
A,  causing  a  disengagement  of  carbon  dioxide, 
which  escapes  at  d^  after  having  been  perfectly 
dried  by  passing  through  the  bottle  b.  This  operation  is  repeated  until 
the  whole  of  the  carbonate  is  decomposed,  and  the  process  is  terminated 
by  opening  the  wax  stopper,  and  drawing  a  quantity  of  air  through  the 
apparatus.  The  apparatus  is  now  reweiglied.  The  diflerence  of  the  two 
weighings  expresses  the  quantity  of  carbon  dioxide  in  the  compound  ana- 
lyze. 

Sodium  Sulphate,  Na^SO^.lOHsO,  commonly  called  Glauber^ s  salt,  is  a 
by-product  in  several  chemical  operations  and  an  intermediate  product  in 
the  manufacture  of  the  carbonate  as  above  described  :  it  may  of  course  bo 
prepared  directly,  if  wanted  pure,  by  adding  dilute  sulphuric  acid,  to 
saturation,  to  a  solution  of  sodium  carbonate.  It  crystallizes  in  forms 
derived  from  an  oblique  rhombic  prism  :  the  crystals  contain  10  molecules 
of  water,  are  efflorescent,  and  undergo  watery  fusion  when  heateti,  like 
those  of  the  carbonate :  they  are  soluble  in  twice  their  weight  of  cold 
water,  and  rapidly  increase  in  solubility  as  the  temperature  of  the  liquid 
rises  to  330  C.  (91,40  F.),  at  which  point  a  maximum  is  reached,  100  parts 
of  water  dissolving  117.9  parts  of  the  salt,  corresponding  with  52  parts 
anhydrous  sodium  sulphate  (see  fig.  95,  p.  142).  When  the  salt  is  heated 
beyond  this  point,  the  solubility  diminishes,  and  a  portion  of  sulphate  is 
deposited.  A  warm  saturated  solution,  evaporated  at  a  high  temperature, 
deposits  opaque  prismatic  crystals,  which  are  anhydrous.  The  salt  has  a 
slightly  bitter  taste,  and  is  purgative.  Mineral  springs  sometimes  contain 
it,  as  that  at  Cheltenham. 

Sodium  and  Hifdrogen  Sulphate,  or  Acid  Sodium  Sulphate,  2NaHS0^.3H,0  or 
Na,S04.H,S04.3HjO,  conmioniy  calltKl  hisulphate  of  soda,  is  prepared  by 
adding  io  10  parts  of  the  anhydrous  neutral  sulphate,  7  of  oil  of  vitriol, 
evaporating  the  whole  to  dryness,  and  gently  igniting.  The  acid  sulphate 
is  very  soluble  in  water,  and  has  an  acid  reaction.  It  is  not  deliquescent. 
When  very  strongly  heated,  the  fused  salt  gives  up  anhydrous  sulphuric 
acid  (sulphuric  oxide),  and  becomes  neutral  sulphate ;   a  change  which 
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necessarily  supposes  the  previous  formation  of  a  pyrosulphate,  Na^SjO,  or 
Ka^O^.SOj. 

8 odium  Hyposulphite,  Na^O,. — ^This  salt  is  produced  by  the  deoxi- 
dizing action  oi  zinc  on  the  sulphite,  NagSO,.  Its  preparation  has  already 
been  described  (p.  197).  It  crystallizes  in  needles  soluble  in  water  and 
in  weak  spirit,  the  solution  exhibiting  strong  bleaching  and  reducing  pro- 
perties. The  crystals,  when  exposed  to  the  air  in  the  moist  state,  rapidly 
become  hot  from  deoxidation,  a  property  by  which  this  salt  is  distin- 
guished from  the  thiosulphate. 

Sodium  Thiosulphate,  Na^,0„  formerly  called  hyposulphite.  This 
salt  is  lormed  from  tJie  sulphite,  NajSOj,  by  addition  of  sulphur.  There 
are  several  modes  of  procuring  it.  One  of  the  best  is  to  form  neutral 
sodium  sulphate^  by  passing  a  stream  of  well-washed  sulphurous  oxide  gaa 
into  a  strong  solution  of  sodium  carlwnate,  and  then  digesting  the  solution 
with  sulphur  at  a  gentle  heat  during  several  days.  By  careful  evapora- 
tion at  a  moderate  temperature,  the  salt  is  obtained  in  large  regular  crys- 
tals, which  are  very  soluble  in  water.  It  is  used  in  considerable  quantities 
for  photographic  purposes,  and  as  an  antichlore. 

Sodium  Phosphates. — The  composition  and  chemical  relations  of 
these  salts  have  already  been  explained  in  speaking  of  the  basicity  of  acids 

(p.  285). 

.  Disodiokydric  Pliosphate,  or  Disodic  Orihophosphale ;  Common  Tribastc  Fhos- 
phate,  Na2HP04.12HjO.— This  salt  is  prepared  by  precipitating  the  acid 
calcium  phosphate  obtained  in  decomposing  bone-ash  with  sulphuric  acid, 
with  a  slight  excess  of  sodium  carbonate,  and  evaporating  the  clear  liquid. 
It  crystallizes  in  oblique  rhombic  prisms,  which  are  eflBorescent.  The 
crystals  dissolve  in  4  parts  of  cold  water,  and  undergo  aqueous  fusion 
when  heated.  The  salt  is  bitter  and  purgative  ;  its  solution  is  alkaline  to 
test-paper.  Crystals  containing  7  molecules  of  water,  and  having  a  form 
different  from  that  above  mentioned,  have  been  obtained. 

A  trisodic  orthophosphate,  scmetimes  called  sufiphosphate,  Na8P0^.12H20,  is 
obtained  by  adding  a  solution  of  caustic  soda  to  the  preceding  salt.  The 
crvatals  are  slender  six-sided  prisms,  soluble  in  five  parts  of  cold  water. 
It'ia  deconiiwsed  by  acids,  even  carbonic,  but  suffers  no  change  by  heat, 
except  the  Ions  of  its  water  of  crystallization.  Its  solution  is  strongly 
alkalino.  Momsodic  orthophosphate,  KalljPO^.HjO,  often  called  superphos- 
phate or  biphosphate,  may  be  obtained  by  adding  phosphoric  acid  to  the 
ordinary  phosphate,  until  it  ceases  to  precipitate  barium  chloride,  and 
exposintr  the  concentrated  solution  to  cold.  The  crystals  are  prismatic, 
very  sohible,  and  have  an  acid  reaction.  When  strongly  heated,  this 
salt  Incomes  changed  into  monobasic  sodium  phosphate,  or  metaphosphate. 


heated  with  2  partL , ..  - 

twwdered  sal-ammoniac  is  added ;  common  salt  then  separates,  and  may 
be  removed  bv  a  filter ;  and  from  the  solution,  duly  concentrated,  the 
microcosmic  salt  is  deposited  in  prismatic  crystals,  which  may  be  purified 
by  one  or  two  recrystallizations.  Microcosmic  salt  is  very  soluble.  When 
gently  heated,  it  parts  with  its  4  molecules  of  crystallization-water,  and,  at 
a  higher  temperature,  the  basic  hydrogen  is  likewise  expelled  as  water, 
to^^ether  with  ammonia,  and  a  very  fusible  compound,  sodium  metaphos- 
phate, remains,  which  is  valuable  as  a  flux  in  blow-pipe  experiments. 
Microcosmic  salt  occurs  in  decomposed  urine. 

Tetrasodic  Ffiosphatey  or  Sodium  Pyrophosphate,  Na4P,O,.10Hj,O,  is  prepared 
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hy  stronglj  heating  common  disodic  orthophosphate,  dissolving  the  resi- 
due in  water,  and  recrystallizing.  The  crystals  are  very  brilliant,  perma- 
nent in  the  air,  and  less  soluble  than  the  original  phosphate  :  their  solu- 
tion is  alkaline.  A  sodiohydric  pyrophosphate  has  been  obtained  ;  but  it  does 
not  crystallize. 

Monosoilic  Phosphate^  or  Sodium  Metaphospfiate,  NaPOj,  is  obtained  by 
heating  either  the  acid  tribasic  phosphate,  or  microcosmic  salt.  It  is  a 
transparent  glassy  substance,  fusible  at  a  dull  red  heat,  deliquescent,  and 
very  soluble  in  water.  It  refuses  to  crystallize,  but  dries  up  into  a  gum- 
like mass. 

If  this  glassy  phosphate  be  cooled  very  slowly,  it  separates  as  a  beau- 
tiful crystalline  mass.  It  may  be  puritied  by  means  of  boiling  water  from 
the  vitreous  metaphosphate,  which  will  not  crystallize.  Another  nieta* 
phosphate  has  been  obtained  by  adding  sodium  sulphate  to  an  excess  of 
phosphoric  acid,  evaporating,  and  heating  to  upwards  of  31 50  c.  (5990 
F.).  Possibly  these  several  mctaphosphates  may  be  represented  by  the 
formula  NaFO,,  Na,P,0„  and  NaaPjOj. 

The  triba^iiu  phosphates,  or  orthophosphates,  give  a  briglit  yellow  pre- 
cipitate with  solution  oT  silver  nitrate;  the  bibasic  and  monobasic  phos- 
phates afford  white  precipitates  with  the  same  substance.  The  salts  of 
the  two  latter  classes,  fused  with  excess  of  sodium  carbonate,  are  converted 
into  orthophosphate. 

Respecting  the  phosphates  intermediate  in  composition  between  the 
metaphoeiphate  and  pyrophosphate  of  sodium,  discovered  by  Fleitmann 
and  Uenneberg,  see  page  290. 

Sodimn  Borates. — The  neutral  borate  or  metaborate,  NaBOjOr  NajO.B^Oj, 
is  formed  by  fusing  common  borax  and  sodium  carbonate  in  equivalent 
proportions,  and  dissolving  the  mass  in  water.  It  forms  large  crystals 
containing  NaBOg.dHjO. 

The  Anhydroborate,  Bihorate,  or  Borax,  2NaBOj.B2O3.10H2O  =  Na,0.2B20j,. 
10U,O,  occurs  in  the  waters  of  certain  lakes  in  Thibet  and  Persia :  it  is 
imported  in  a  crude  state  from  India  under  the  name  of  tincal.  When 
purified,  it  constitutes  the  borax  of  commerce.  Much  borax  is  now,  how- 
ever, manufactured  from  the  native  boric  acid  of  Tuscany,  also  from  a 
native  calcium  borate  called  hayesine,  which  occurs  in  southern  Peru. 
Borax  crystallizes  in  six-sided  prisms,  which  effloresce  in  dry  air,  and 
require  20  parts  of  cold,  and  6  of  boiling  water  for  solution.  On  exposing 
it  to  heat,  the  10  molecules  of  water  of  crystallization  are  expelled,  and 
at  a  higher  temperature  the  salt  fuses,  and  assumes  a  glassy  appearance 
on  cooling :  in  this  state  it  is  much  used  for  blow-pipe  experiments,  the 
metallic  oxides  dissolving  in  it  to  transparent  beads,  many  of  which  are 
distingnished  by  characteristic  colors.  By  particular  management,  crystals 
of  borax  can  be  obtained  with  5  molecules  of  water :  they  are  very  hard, 
and  permanent  in  air.  Borax,  though  by  constitution  an  acid  salt,  has  an 
alkaline  reaction  to  test-paper.  It  is  used  in  the  arts  for  soldering  metals, 
its  action  consisting  in  rendering  the  surfaces  to  be  joined  metallic,  by  dis- 
solving the  oxides,  and  it  sometimes  enters  into  the  composition  of  the  glaze 
with  which  stoneware  is  covered. 

Sodlam  Sulphide,  Na^S,  is  prepared  in  the  same  manner  as  potas- 
sium monosulphide  ;  it  separates  from  a  concentrated  solution  in  octohedral 
crystals,  which  are  rapidly  decomposed  by  contact  with  the  air  into  a  mix- 
ture of  sodium  hydrate  and  thiosulphate.  It  forms  double  sulphur  salts 
with  hydrogen  sulphide,  carbon  bisulphide,  and  other  sulphur  acids. 

Sodium  sulphide  is  supposed  to  enter  into  the  composition  of  the  beau- 
tiful pi«?ment  ultramarine,  which  is  prt^pared  from  the  lapis  lazuli,  and  is 
27 
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now  imitated  by  artificial  means.  An  intimate  mixture  of  37  kaolin,  15 
sodium  sulphate,  22  sodium  carbonate,  18  sulphur,  and  8  charcoal,  is 
heated  from  twenty-four  to  thirty  hours  in  large  crucibles.  The  product 
thus  obtained  is  again  heated  in  cast-iron  boxes  at  a  moderate  tempera- 
ture till  the  required  tint  is  obUined.  After  being  finely  pulverized,  washwl 
and  dried,  it  constitutes  commercial  ultramarine.  The  composition  of  this 
color  varies,  and  its  true  constitution  is  not  known. 

There  is  no  good  precipitant  for  sodium,  all  its  salts  being  very  soluble, 
with  the  exception  of  the  metantimonate,  which  is  precipitated  on  mixing  a 
solution  of  a  sodium  salt  with  a  solution  of  potassium  metantimonate  ;  the 
use  of  this  reagent  is,  however,  attended  with  some  difficulties.  The  pre- 
sence of  sodium  is  often  determined  by  negative  evidence.  The  yellow 
color  imparted  by  sodium  salts  to  the  outer  flame  of  the  blow-pipe,  and  to 
combustible  matter,  is  a  character  of  considerable  importance.  The  spec- 
tral phenomena  exhibited  by  sodium  compounds  are  mentioned  on  page  87. 
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Thb  ammonia  salts  are  most  conveniently  studied  in  this  place,  on  ao- 
count  of  their  close  analogy  to  those  of  potassium  and  sodium.  These 
salts  are  formed  by  the  direct  union  of  ammonia,  NH,,  with  acids,  and  as 
already  pointed  out  (p.  164),  they  may  be  regarded  as  compounds  of  acid 
radicles,  CI,  NOg,  SO^,  etc.,  with  a  basylous  radicle,  NH4,  called  ammo- 
nium, which  plays  in  these  salts  the  same  part  as  potassium  and  sodium 
in  their  respective  compounds  ;  thus  :^ 

NHs  -f-  HCl  =a  Nn,.Cl 

A»>».^»i.  HyUrochlorio  AmmoDium 

^  Ammonia.  '  ^^^^  chloride. 

NH3  +  HNO,  =  NH4.NO3 

Nltrio  Ammonium 

acid.  nitrate. 

NHj  +  H2SO4  =         NH^.H.SO^ 

Suiphurio  Acid  ammonium 

acid.  sulphate. 

2NH3  +  HjSO^  =         (NH,),.S04. 

Neutral  ammonium 
sulphate. 

The  radicle  NH^  is  not  capable  oit  existing  in  the  free  state,  inasmuch  as 
it  contains  an  uneven  number  of  monad  atoms ;  it  is  simply  the  residue 
which  is  left  on  removing  the  atom  of  chlorine  from  the  saturated  molecule, 
NH4CI.     Whether  the  double  molecule 

N,IIo,  or    I       ,  has  a  separate  existence,  is  a  different  question. 

Ammonium  is  said,  indeed,  to  be  capable  of  forming  an  amalgam  with 
mercury  ;  but  even  in  this  state  it  is  quickly  resolved  into  ammonia  and 
free  hydrogen. 

When  a  globule  of  mercury  is  placed  on  a  piece  of  moistened  potassium 
hydroxide,  and  connected  with  the  negative  side  of  a  voltaic  battery  of 
very  moderate  power,  the  circuit  l^eing  completed  through  the  platinum 
plate  upon  which  the  alkali  rests,  decomposition  of  the  latter  takes  place, 
and  an  amalgam  of  potassium  is  rapidly  formed.     If  this  cxi)criment  be 
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now  repeated  with  a  piece  of  sal  ammoniac  instead  of  potassium  hydroxide, 
a  soft,  solid,  metalline  mass  is  also  produced,  which  has  been  called  the  am- 
moniacal  aTnalgam^  and  considered  to  contain  ammonium  in  combination  with 
mercury.  A  simpler  method  of  preparing  this  compound  is  the  following : 
A  little  mercury  is  put  into  a  test-tube  with  a  grain  or  two  of  potassium 
or  sodium,  and  gentle  heat  applied  ;  combination  ensues,  attended  by  heat 
and  light.  When  cold,  the  fluid  amalgam  is  put  into  a  capsule,  and  cov- 
ered with  a  strong  solution  of  sal-ammoniac.  The  production  of  an  am- 
moniacal  amalgam  instantly  commences,  the  mercury  increasing  prodigi- 
onsly  in  volume,  and  becoming  quite  pasty.  The  increase  of  #?eight  is, 
however,  quite  trifling  :  it  varies  0*om  y^W  ^  t^Vv  part.  Left  to  itself, 
the  amalgam  quickly  decomposes  into  fluid  mercury,  ammonia,  and  hydro- 
gen. It  is  most  probable,  indeed,  that  the  so-called  amalgam  may  be  no- 
thing more  than  mercury  which  has  absorbed  a  certain  quantity  of  these 
gases  ;  just  as  silver,  when  heated  to  a  very  high  temperature,  is  capable 
of  taking  up  about  twenty  times  its  volume  of  oxygen  gas,  which  it  gives 
up  again  on  cooling.* 

But  whether  ammonium  has  any  separate  existence  or  not,  it  is  quite 
certain  that  many  ammoniacal  salts  are  isomorphous  with  those  of  potas- 
sium ;  and  if  from  any  two  of  the  corresponding  salts,  as  the  nitrates,  KNO3 
and  NH4NO,,  we  subtract  the  radicle  NO3  oommom  to  the  two,  there  remain 
the  metal  K  and  the  group  NU4,  which  are,  therefore,  supposed  to  be  iso- 
morphous. 

Ammonitim  Chloride,  Sal-ammoniao,  NH^Cl  or  NHs-HCl. — Sal- 
ammoniac  was  formerly  obtained  from  li^ypt,  being  extracted  by  sublima- 
tion from  the  soot  of  camel's  dung  :  it  is  now  largely  manufactured  from 
the  ammoniacal  liquid  of  the  gas  works,  and  from  the  condensed  products 
of  the  distillation  of  bones,  and  other  animal  refuse,  in  the  preparation 
of  animal  charcoal. 

These  impure  and  highly  offensive  solutions  are  treated  with  a  slight 
excess  of  hydrochloric  acid,  by  which  the  free  alkali  is  neutralized,  and 
the  carbonate  and  sulphide  are  decomi)osed,  with  evolution  of  carbonic  acid 
and  sulphuretted  hydrogen  gases.  The  liquid  is  evaporated  to  dryness, 
and  the  salt  carefully  heated,  to  expel  or  decompose  the  tarry  matter  ;  it 
is  then  purified  by  sublimation  in  large  iron  vessels  lined  with  clay,  sur- 
mounted with  domes  of  lead.  Sublimed  sal-anunoniac  has  a  fibrous  tex- 
ture ;  and  is  tough  and  difficult  to  powder. 

Sal-ammoniac  separates  from  water  under  favorable  circumstances,  in 
distinct  cubes  or  octohedrons ;  but  the  crystals  are  usually  small,  and 
a|i;gregated  together  in  rays.  It  has  a  sharp  saline  taste,  and  is  soluble  in 
2}  parts  of  cold,  and  in  a  much  smaller  quantity  of  hot  water.  By  heat, 
it  is  sublimed  without  decomposition.  The  crystals  are  anhydrous.  Am- 
monium chloride  forms  double  salts  with  the  chlorides  of  magnesium, 
nickel,  cobalt,  manganese,  zinc,  and  copper. 

Ammonlnm  Nitrate  (NH4)N03,  is  easily  prepared  by  adding  ammo- 
nium carbonate  to  slightly  diluted  nitric  acid  until  neutralization  has 
been  reached.  By  slow  evaporation  at  a  moderate  temperature  it  crystal- 
lizes in  six-Bided  prisms,  like  those  of  potassium  nitrate  ;  but,  as  usually 
prepared  for  making  nitrogen  monoxide,  by  quick  boiling  until  a  portion 
solidifies  completely  on  cooling,  it  forms  a  fibrous  and  indistinct  crystalline 
mass. 

Ammonium  nitrate  dissolves  in  two  parts  of  cold  water,  producing  con- 
siderable depression  of  temperature ;   it  is  but  feebly  deliquescent,  and 

*  See  Watts*!  Dlotionary  of  Oherolstry,  Supplement,  p.  718. 
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deflagrates  like  nitre  on  contact  with  heated  combustiblo  matter.     Its  de- 
composition by  heat  has  been  already  explained  (p.  154). 

Amxnoninm  Snlphate  (NH4).jS04. — Prepared  by  neutralizing  ammo- 
nium carbonate  witli  sulphurio  acid,  or  on  a  large  scale,  for  use  an  a 
manure,  by  adding  sulphuric  acid  in  excess  to  the  coal-gas  liquor  just 
mentioned,  and  purifying  the  product  by  suitable  means.  It  ia  soluble 
in  2  parts  of  cold  water,  and  crystallizes  in  long,  flattened,  six-sided 
prisms.  It  is  entirely  decompost'^l  and  driven  off  by  ignition,  and  even, 
to  a  certf^  extent,  by  long  boiling  with  water,  ammonia  being  expelled 
and  the  liquid  rendered  acid. 

Ammoniiim  Carbonates. — ^There  are  three  definite  carbonates  of  am- 
monium, the  compu:iition  of  which  is  as  follows  :— 

Normal  or  diammoniac  carbonte,  (NH4)2C08.HjO 

Acid  or  ammonio-hydric  carbonate,       (NH4)UC0, 

^tvtnk^,  '«'^'^"'°"<^'^y'^"'  }  (NHJ A(CO.)..H.O  . 

(1)  The  normal  carbonate  is  prepared  by  addition  of  ammonia  to  one  of 
the  acid  salts,  or  of  watei;to  the  carbamate  of  ammonia,  CON^Ilf  (p.  316), 
with  certain  special  precautions,  the  description  of  which  is  too  long  for 
insertion  in  this  work,  to  prevent  the  escape  of  a  portion  of  the  ammonia. 
It  crystallizes  in  elongated  plates  or  flattened  prisms,  having  a  caustic 
taste,  a  powerful  ammoniacal  odor,  and  easily  giving  oflf  ammonia  and 
water,  whereby  they  are  converted  into  the  acid  carbonate  :^ 

(NH^)2C03.H,0  =  NH,  +  HjO  +  (NHJHCO, . 

(2)  Atnmonivm  and  Hydrogen  Carbonate^  or  Mono-ammonic  Carbonate 
(NH4)HC03,  commonly  called  Bi(xirbonate,  or  Add  carbonate  of  anunonia, — 
This  salt  is  obtained  by  saturating  an  aqueous  solution  of  ammonia,  or  of 
the  half-acid  carbonate,  with  carbonic  acid  gas  ;  or  by  treating  the  finely 
pounded  half-acid  carbonate  with  strong  alcohol,  which  dissolves  out 
nonnal  or  diammonio  carbonate,  leaving  a  residue  of  the  mono-ammonic 
salt.  Cold  water  may  be  used  instead  of  alcohol  for  this  purpose  ;  but  it 
dissolves  a  larger  quantity  of  the  mono-ammonio  carbonate.  All  ammo- 
nium carbonates  when  left  to  themselves  are  gradually  converted  into 
mono-ammonic  carbonate.  This  salt  forms  large  crystals  belonging  to 
the  trimetric  systt^m.  According  to  Deville,  it  is  dimorphous,  but  never 
isomorphous  with  monopotassic  carlx)nate ;  when  exposed  to  the  air,  it 
volatilizes  slowly,  and  gives  off  a  faint  ammoniacal  odor.  It  dissolves  in 
8  parts  of  cold  water,  the  solution  decomposing  gradually  at  ordinary 
temperatures,  quickly  when  heated  alwve  3(P  C.  (860  F.),  with  evolution 
of  ammonia.  It  is  insoluble  in  alcohol,  but  when  exposed  to  the  air, 
under  alcohol,  it  dissolves  as  normal  carbonate,  evolving  carbon  dioxide. 

It  has  been  found  native  in  considerable  quantity  in  the  deposits  of 
gnano  on  the  western  coast  of  Patagonia,  in  white  crystalline  masses 
having  a  strong  ammoniacal  odor. 

(3)  Tetramnvmio-dihydric  Carbonate,  N4HirG.,0.  =  (NH^)4n,(C03).v— This 
salt,  also  called  half-acid  carbonate  or  gesqui-carbonate  of  ammonia^  contains 
the  elements  of  1  molecule  of  diammonic  and  2  molecules  of  mono-am- 
monic carbonate,  into  which  it  is,  in  fact,  resolved  by  treatment  with 
water  or  alcohol  : — 

(NH,)  JT,(CO,)s  »  (NIIJjCO,  +  2(NH,)nC0, . 

It  is  obtained  by  dissolving  the  commercial  carbonate  in  strong  aqueous 
ammonia,  at  about  3(P  C.  (860  F.),  and  crystallizing  the  solution.    It 
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forms  large  transparent  rectangular  prisms,  having  tlicir  summits  trun- 
cated by  octohedral  faces.  These  crystals  decompose  very  rapidly  in  the 
air,  giving  off  wat^r  and  Hmmonia,  and  being  converted  into  mono-am- 

monic  carbonate. 

Ck)mmercial  carbonate  of  ammonia  {sal  volatile^  salt  of  hartshorn)  consists 
of  half-acid  carbonate  more  or  less  mixed  with  carbamate.  It  is  prepared 
on  the  large  scale  by  the  dry  distillation  of  bones,  Tiartsliorn,  and  other 
animal  matter,  and  is  purified  from  adhering  empyreumatio  oil  by  sub- 
Ihning  it  once  or  twice  with  animal  charcoal  in  cast-iron  vessels,  oyer 
which  glass  receivers  are  inverted.  Another  method  consists  in  heating 
to  redness  a  mixture  of  one  part  ammonium  chloride  or  sulphate,  and  two 
parts  calcium  carbonate  (chalk),  or  potassium  carbonate,  in  a  retort  to 
irhich  a  receiver  is  luted. 

An  elaborate  description  of  the  carbonates  of  ammonia  has  been  pub- 
lished by  Dr.  Divers,*  to  whom  is  due  the  discovery  of  the  normal  ammo- 
nium carbonate,  t 

Ammonlnm  Snlphides. — Several  of  these  compounds  exist,  and  may 
be  formed  by  distilling  with  sal-ammoniac  the  corresponding  sulphides  of 
X>otassium  or  sodium. 

Ammonium  and  Hydrogen  Sulphide^  or  Ammonium  Eydrosidphide^  (NH)4HS, 
is  a  compound  of  great  practical  utility ;  it  is  obtained  by  saturating  a 
solution  of  ammonia  with  well- washed  sulphuretted  hydrogen  gas,  until 
no  more  of  the  latter  is  absorbed.  The  solution  is  nearly  colorless  at  first, 
but  becomes  yellow  after  a  time,  without,  however,  suffering  material 
injury,  unless  it  has  been  exposed  to  the  air.  It  gives  precipitates  with 
most  metallic  solutions,  which  are  very  often  characteristic,  and  is  of  great 
service  in  analytical  chemistry. 


Ammoniacal  salts  are  easily  recognized  ;  they  are  all  decomposed  or  vola- 
tilized at  a  high  temperature  ;  and  when  heated  with  calcium  hydroxide 
or  solution  of  alkaline  carbonate,  they  give  off  ammonia,  which  may  be 
recognized  by  its  odor  and  alkaline  reaction.  The  salts  are  all  more  or 
less  soluble,  the  acid  tartrate  and  the  platino-chloride  being,  however, 
among  the  least  soluble :  hence,  ammonium  salts  cannot  be  distinguished 
from  potassium  salts  by  the  tests  of  tartaric  acid  and  platinum  solution. 
When  a  solution  containing  an  ammoniacal  salt,  or  free  ammonia,  is  mixed 
with  potash,  and  a  solution  of  mercuric  iodide  in  potassium  iodide  is  added,  a 
brown  precipitate  or  coloration  is  immediately  produced,  consisting  of 
dimercorammonium  iodide,  NHg,I : — 

NHg  +  2HgIa  =  NHgjI  +  3HI. 

♦  Journal  of  the  Chemical  Society,  1870,  pp.  171-279. 

t  Ammonium  Phosphatet,— The  normal  orthophosphate,  (NH4)aP04,  is  formcu 
when  solution  of  ammoaia  is  mixed  with  solution  of  either  the  other  orthophos- 
phates.  It  separates  as  a  crystalline  magma,  dissolving  when  heated,  and  on 
eoollng  deposits  crystals.     It  cannot  be  dried  without  loss  of  ammoDia. 

Diammonium  orthophosphate,  (NH4)3HP04.Aq,  is  obtained  by  precipitating  the 
acid  calcium  orthophosphate  by  an  excess  of  ammonium  carbonate ;  calcium  phos- 
pbate  is  separated,  and  the  solution,  by  spontaneous  evaporation,  dcpoMts  lan;e, 
colorless  crystals  belonging  to  the  oblique  prismatic  system.  It  has  a  cooling 
saline  taste  and  alkaline  reaction ;  soluble  in  four  parts  of  water  and  insoluble  in 
alcohol.     By  exposure  to  air  It  loses  water  of  crystallization. 

Monammonium  orthophosphate,  NH4H,P04.  A.q4,  is  formed  by  adding  phosphoric 
acid  to  the  previous  salt,  or  boiling  its  solution  until  it  ceases  to  precipitate  solu- 
tion of  barium  chloride.  It  crystallizes  in  square  prisms,  soluble  in  five  parts  of 
water,  not  efflorescent.  Keaction  slightly  acid.  All  these  orthophosphates,  by 
exposare  to  a  red  heat,  lose  water  and  ammonia,  and  metaphoaphorlc  acid,  con- 
teining  still  some  ammonia,  remains.  By  moistening  this  residue  with  nitric 
acid,  and  again  heating,  all  the  ammonia  is  removed.— K.  B. 

27* 
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This  is  csllcrl  Ncsslcr^s  test ;  it  is  by  far  the  most  delicate  test  for  am- 
monia that  is  known. 

Amic  Acids  and  Amides. 

Sulphamlc  Acid. — ^When  dry  ammonia  gas  is  passed  over  a  thin  la/er 
of  sulphuric  oxide,  SOj,  the  gas  is  absorbed,  and  a  white  crystalline  jiowder 
is  formed,  having  the  composition  K^H^SO,,  that  is,  of  ammonium  sulphate 
minus  one  molecule  of  water  : — 

NjHeSO,  =  (NH^),SO^  —  H,0. 

It  is  not,  however,  a  salt  of  sulphuric  acid :  for  its  aqueous  solution 
do<?s  not  give  any  precipitate  with  baryta-water  or  soluble  barium  salts. 
It  is,  in  fact,  the  ammonium-salt  of  sulphamic  acid,  an  acid  derived 
from  sulphuric  acid,  SO^H,  or  SOjCIIO),,  by  substitution  of  the  univalent 
radicle,  NH,  (p.  318),  for  one  atom  of  hydroxyl,  IIO.  The  formula  is 
SOs(NHj)H,  and  that  of  its  ammonium-salt,  S08(NUj)NH^,  or  SOjNjH,. 
Ammonium  sulphamate  is  permanent  in  tiie  air,  and  dissolves  without 
decomposition  in  water.  Its  solution,  evaporated  in  a  vacuum,  over  oil  of 
vitriol,  yields  the  salt  in  transparent  colorless  crystals. 

The  solution  of  the  ammonium-salt,  mixed  with  baryta-water,  gives  off 
ammonia,  and  yields  a  solution  of  barium  sulphamate  (S0,NH,)2Ba,  which 
may  be  obtained  by  evaporation  in  well-defined  crystals  ;  and  the  solution 
of  this  salt,  decomposed  with  potassium  sulphate,  yieldJs  potassium  sulpho' 
mate,  S03(NHj)K. 

Carbamio  Acid. — ^When  dry  ammonia  gas  is  mixed  with  carbon  diox- 
ide, the  mixture  being  kept  cool,  the  gases  combine  in  the  proportion  of  2 
volumes  of  the  former  to  1  volume  of  the  latter,  forming  a  pungent,  very 
volatile  substance,  which  condenses  in  white  flocks.  This  substanoe  has 
the  composition  COjNjHg,  that  is,  of  normal  ammonium  carbonate  C0,(NH4), 
minus  one  molecule  of  water.  It  exists,  as  already  observed,  in  commercial 
carbonate  of  ammonia  (p.  317).  It  was  formerly  called  aniiydrtms  carbonate 
of  ammonium;  but,  like  the  preceding  salt,  it  is  not  really  a  carbonate,  but 
the  ammonium-salt  of  carbamic  acid,  C02(NH),H,  an  acid  derivt^ 
from  carbonic  acid,  COjHj,  or  CO  (OH),,  by  substitution  of  amidogen,  NH„ 
for  1  atom  of  hydroxyl.  Ammonium  carbamate  dissolves  readily  iu  water, 
and  quickly  takes  up  one  molecule  of  that  compound,  whereby  it  is  con- 
verted into  normal  ammonium  carbonate.  When  treated  with  sulphuric 
oxide,  it  is  converted  into  ammonium  sulphamate. 

Carbamide,  CONjII^. — ^Whcm  ammonia  gas  is  mixed  with  carbon  oxy- 
chloride  or  phosgene  gas,  COCl,,  a  white  crystalline  powder  is  formed, 
having  this  composition  :— 

COa,  +  2NHs  =  2HC1  +  CON^H^. 

This  compound,  which  is  likewise  formed  in  other  reactions  to  be  after- 
wards considered,  is  derived  from  carbonic  acid  CO(OH)j,  by  substitution 
of  2  atoms  of  amidogen  for  2  atoms  of  hydroxyl.  It  differs  from  carbamio 
acid  in  being  a  neutral  substance,  not  containing  any  hydrogen  easily 
replaceable  by  metals. 

Other  bibasic  acids  likewise  yield  an  amic  acid  and  a  neutral  amide  by 
substitution  of  1  or  2  atoms  of  amidogen  for  hydroxyl.  Tri basic  acids 
yiold  in  like  manner  two  amic  fields  and  one  neutral  amide,  and  tetrabasio 
acids  may  yield  three  amic  acids  and  a  neutral  amide ;  thus,  from  pyro- 
phosphoric  acid,  P^O^H^  =  PjOgCHO)^,  are  obtained  the  three  amicT  acids 
r,0,(NH,)ng,  PjOjCNH,),!!,,  and  P,0^(NHj,)jH. 
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Monobasic  acids,  which  contain  but  one  atom  of  hjdroxyl,  jield  by  this 
mode  of  substitution  only  neutral  amides,  no  amic  acids :  thus,  from 
acetic  acid,  C^H^O,  =»  CjHjO.HO,  is  obtained  acetamido,  CjUjOCNH,). 

The  neutral  amides  may  also  be  regarded  as  derived  from  one  or  more 
molecules  of  ammonia,  by  substitution  of  univalent  or  multivalent  acid 
radicles,  for  hydrogen:  thus,  acetamide  ^NHjCCaHjO);  carbamide,  N^U^ 
<CO)",  etc. 

By  similar  substitution  of  metals,  or  basylous  compound  radicles,  for  the 
hydrogen  of  ammonia,  basic  compounds,  called  amines,  are  formiKl. 
Thus,  when  potassium  is  gently  heated  in  ammonia  gas,  monopoiassainine, 
I>fH,K,  is  formed.  It  is  an  olive-green  substance,  which  is  decomposed  by 
water  into  ammonia  and  potassium  hydroxide : — 

NHjK  4-  H,0  =  NH,  +  KHO. 

It  molts  at  a  little  below  100,  and,  when  heated  in  a  close  vessel,  is  resolved 
into  ammonia  and  tripotassamine : — 

3NH,K  =  2NH,  +-  NK,. 

The  latter  effervesces  violently  with  water,  yielding  ammonia  and  i>otas- 
fliuxn  hydroxide : — 

NKj  +  3H,0  =  NH,  +  3KH0. 

The  formation  and  properties  of  amides  and  amines  will  be  further  con- 
sidered under  Organic  Chemistry. 

MetallammODlnins. — ^These  are  hypothetical  radicles  derived  from 
ammonium,  I^^Ug,  by  substitution  of  metals  for  liydrogen.  Salts  of  such 
radicles  are  formed  in  several  ways.  Ammonia  gas  is  absorbed  by  various 
metallic  salts  in  different  proportions,  forming  compounds,  some  of  which 
may  be  formulated  as  salts  of  metallammoniums.  Thus,  platinum  dichlo* 
ride,  PtCl,,  absorbs  two  molecules  of  ammonia,  forming  platoaammomum 
ddoride,  N^HjPf.Clj,  and  platinum  tetrachloride,  Pt'^Cl4,  absorbs  four 
molecules  of  ammonia,  forming  jAatinammonium  chloride,  l^fi^^i^^,Q\.  In 
like  manner,  cupric  chloride  and  sulphate  form  the  chloride  and  sulphate  of 
atprammonium,  NjHjCu".Clj  and  N,HgCu".S04. 

Similar  compounds  are  formed  in  many  cases  by  precipitating  metallic 
salts  with  ammonia  or  ammonia<;al  salts  :  thus,  ammonia  added  to  a  solu- 
tion of  mercuric  chloride,  HgCl,,  forms  a  white  precipitate,  consisting  of 
dimercuratnmonium  c/Uoride,  N2H4Hg"g.Cl2  ;  and  by  dropping  solution  of  mer- 
curic chloride  into  a  boiling  solution  of  sal-ammoniac  mixed  with  free 
ammonia,  crystals  are  obtained,  consisting  of  mercurammonium  chloridey 
N,HjHg".Clg.  Some  of  these  compounds  will  be  further  considered  in 
oonnection  with  the  several  metals. 


LITHIUM. 

Atomic  weight,  7.    Symbol,  LI. 

LiTHimc  is  found  in  petalite,  spodumene,  lepidolite,  triphylline,  and  a 
few  other  minerals,  and  sometimes  occurs  in  minute  quantities  in  mineral 
springs.  The  most  abundant  source  of  it  yet  discovered  is  the  mineral 
waters  of  Wheal  Clifford  in  Cornwall,  in  which  it  exists  to  the  amount  of 
61  parts  in  a  million. 
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The  metal  is  obtained  by  fusing  pure  lithium  chloride  in  a  small  thick 
porcelain  crucible,  and  decomposing  the  fused  chloride  by  electricity.  It 
ij  a  white  metal  like  sodium,  and  very  oxidizable.  Lithium  fuses  at  108O 
G.  (3560  F.) ;  its  specific  gravity  is  0.59 :  it  is,  therefore,  the  lightest 
solid  known. 

A  lithium  salt  may  be  obtained  from  petalite  on  the  small  scale,  by  the 
following  process  :  The  mineral  is  reduced  to  an  exceedingly  fine  powder, 
mixed  with  five  or  six  times  its  weight  of  pure  calcium  carbonate,  and  the 
mixture  is  heated  to  whiteness,  in  a  platinum  crucible  placed  within  a 
well-covered  earthen  one,  for  twenty  minutes  or  half  an  hour.  The 
shrunken  coherent  mass  is  digested  in  dilute  hydrochloric  acid,  the  whole 
evaporated  to  dryness,  acidulated  water  added,  and  the  silica  separated  by 
a  filter.  The  solution  is  then  mixed  with  ammonium  carbonate  in  excess, 
boiled,  and  filtered  ;  the  clear  liquid  is  evaporated  to  dryness,  and  gently 
heated  in  a  platinum  crucible,  to  expel  the  sal-ammoniac ;  and  the  residue 
is  wetted  with  oil  of  vitriol,  gently  evaporated  once  more  to  dryness,  and 
ignited  :  pure  fused  lithium  sulphate  then  remains. 

This  process  will  serve  to  give  a  good  idea  of  the  general  nature  of  the 
operation  by  which  alkalies  are  extracted  in  mineral  analysis,  and  their 
quantities  determined. 

Lithium  hydrate^  LiilO,  is  much  less  soluble  in  water  than  the  hydrates 
of  potassium  and  sodium ;  the  carbonate  and  phosphate  are  also  sparingly 
soluble  salts.  The  chloride  crystallizes  in  anhydrous  cubes  which  are  de- 
liquescent. Lithium  sulphate  is  a  very  beautiful  salt ;  it  crystallizAS  in 
lengthened  prisms  containing  one  molecule  of  water.  It  gives  no  double 
salt  with  aluminium  sulphate. 

The  salts  of  lithium  color  the  outer  flame  of  the  blow-pipe  carmine-red. 
The  spectral  phenomena  exhibited  by  lithium  compounds  are  mentioned 
on  page  88. 


G^ISIUM  AND  RUBIDIUM. 

Gb  «» 18&  —  Rb  =>  86.4. 

Thb  two  metals  designated  by  these  names  were  discovered  by  Bunsen 
and  Kirchhoff  by  means  of  their  spectrum  apparatus  mentioned  on  page 
87 :  the  former  in  1860  and  the  latter  in  1861.  These  metals,  it  appears, 
are  widely  diffused  in  nature,  but  always  occur  in  very  small  quantities ; 
they  have  been  detected  in  many  mineral  waters,  as  well  as  in  some  mine- 
rals, namely,  lithia-mica  or  lepidolite,  and  petalite  ;  lately  also  in  felspar  j 
they  have  also  been  found  in  the  alkaline  ashes  of  beetroot.  The  salt- 
spring  of  Durkheim,  which  contains  0.17  part  of  csesinm  chloride  in  a 
million  parts  of  water,  was  till  lately  regarded  as  the  richest  source  of 
qaBsium ;  but  from  recent  experiments  by  Colonel  Yorke,*  it  appears  that 
the  hot  spring  of  Wheal  Clifford,  already  mentioned  as  a  source  of  lithium, 
contains  1.71  parts  of  caesium  chloride  in  a  million,  or  0.12  grain  in  a  gal- 
lon. The  best  material  for  the  preparation  of  rubidium  is  lepidolite,  which 
has  been  found  to  contain  as  much  as  0.2  'per  cent,  of  that  metal.  Both 
metals  are  closely  analogous  to  potassium  in  their  de]X)rtment,  and  cannot 
be  distinguished  from  that  metal  or  from  one  another,  either  by  reagents 
or  before  the  blow-pipe. 

Rubidium  and  ciesiura,  like  potassium,  form  double  salts  with  tetrachlo- 
ride of  platinum,  which  are,  however,  much  less  soluble  than  the  oorre- 

*  Journal  of  the  OhemiCAl  Society,  1872,  p.  278; 
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spending  potassium  salts  :  it  is  on  this  property  that  the  separation  of  these 
metals  from  potassium  is  based.  The  mixture  of  platinochlorides  is  re- 
peatedly extracted  with  boiling  water,  when  a  difficultly  soluble  residue, 
oonsisting  chieliy  of  the  platinochlorides  of  caesium  and  rubidium,  remains , 
and  these  two  metals  are  finally  separated  by  converting  them  into  tar- 
trates, rubidium  tartrate  requiring  for  solution  eight  times  as  much  water 
as  oesinni  tartrate,  and  therefore  crystallizing  out  first  from  the  mixed 
solution. 

The  hydroxides  of  these  metals  are  powerful  bases,  which  attract  car- 
bonic acid  from  the  air,  passing,  first  into  normal  carbonate,  and  then  into 
acid  carbonate.  Csesium  carbonate  is  soluble  in  absolute  alcohol ;  rubidi- 
um carbonate  is  nearly  insoluble  in  that  liquid  :  this  property  is  made  use 
of  for  the  separation  of  these  two  metals.  The  chloride  crystallizes  in 
cubes,  and  is  somewhat  more  soluble  in  water  than  chloride  of  potassium. 

Rubidium  chloride,  when  in  a  state  of  fusion,  is  easily  decomposed  by 
the  electric  current ;  the  metal  produced  rises  to  the  surface  and  burns 
with  a  reddisli  light.  If  this  experiment  be  performed  in  an  atmosphere 
of  hydrogen,  to  prevent  oxidation,  the  separated  metal  is  nevertheless  lost, 
dissolving  as  it  does  in  the  fused  chloride,  which  is  transformed  into  a 
subchloride  having  the  blue  color  of  smalt.  Rubidium,  when  separated 
under  mercury  by  the  electric  current,  forms  a  crystalline  amalgam  of 
silvery  lustre,  which  is  rapidly  oxidized  by  the  air,  and  decomposes  water 
in  the  cold.^  Caesium  chloride,  under  the  influence  of  the  electric  current, 
exhibits  exactly  the  same  deportment  as  rubidium  chloride.  Rubidium  is 
electro-positive  towards  potassium.  Caesium  is  electro-positive  towards 
rubidium  and  potassium,  and  thus  constitutes  the  most  electro-positive 
member  of  the  elements. 


GROUP  II. 


BILTTER. 

Atomic  weight,  108.    Symbol,  Ag  (Argentum). 

Silver  is  /ound  in  the  metallic  state,  as  sulphide,  in  union  with  sulphide 
of  antimony  and  sulphide  of  arsenic,  also  as  chloride,  iodide,  and  bromide. 
Among  the  principal  silver  mines  may  be  mentioned  those  of  the  Hartz 
mountains  in  Germany,  of  Kongsberg  in  Norway,  and,  more  particularly, 
of  the  Andes,  in  both  North  and  South  America. 

The  greater  part  of  the  silver  of  commerce  is  extracted  from  ores  so  poor 
as  to  render  any  process  of  smelting  or  fusion  inapplicable,  even  where  fuel 
could  be  obtained,  and  this  is  often  difficult  to  be  procured.  Recourse, 
therefore,  is  had  to  another  method— that  of  ama/(7aTOa/ton— founded  on  the 
easy  solubility  of  silver  and  many  other  metals  in  metallic  mercury. 

The  amalgamation  process  adopted  in  Germany— which  dilTers  somewhat 
from  that  in  use  in  America — is  as  follows :  The  ore  is  crushed  to  powder, 
mixed  with  a  quantity  of  common  salt,  and  roasted  at  a  low  red  heat  in  a 
suitable  furnace,  by  which  treatment  any  sulphide  of  silver  it  mav  con- 
tain is  converted  into  chloride.  The  mixture  of  earthy  matter,  oxides  of 
iron  and  copper,  soluble  salts,  silver  chloride,  and  metallic  silver,  is  sifted 
and  put  into  large  barrels  made  to  revolve  on  axes,  with  a  quantity  of 
water  and  scraps  of  iron,  and  the  whole  is  agitated  together  for  some  time, 
during  which  the  iron  reduces  the  silver  chloride  to  the  state  of  metal.    A 
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certain  proportion  of  morcury  is  then  introduced,  and  the  agitation  re- 
peated: the  mercury  dissolves  out  the  silver,  together  with  gold,  if  th«^re 
be  any,  also  metallic  copper,  and  other  substances,  forming  a  fluid  amal- 
gam easily  separable  from  the  thin  mud  of  earthy  matter  by  sulx^idence 
and  washing.  This  amalgam  is  strained  through  a  strong  linen  cloth,  and 
the  solid  portion  exposed  to  heat  in  a  kind  of  retort,  by  which  the  remain- 
ing mercury  is  distilled  off,  and  the  silver  left  behind  in  an  impure  state. 

Considerable  loss  often  occurs  in  the  amalgamation  process  from  the 
combination  of  a  portion  of  the  mercury  with  sulphur,  oxygen,  etc., 
whereby  it  is  brought  into  a  pelverulent  condition,  known  as  **  flouring," 
and  is  then  liable  to  be  washed  away,  together  with  the  silver  it  has  taken 
up.  This  inconvenience  may  be  prevented,  as  suggested  by  Mr.  Crookes, 
by  amalgamating  the  mercury  with  1  or  2  per  cent,  of  sodium,  which,  by 
its  superior  affinity  for  sulphur  and  oxygen,  prevents  the  mercury  from 
becoming  floured. 

A  considerable  quantity  of  silver  is  obtained  from  argentiferous  galena ; 
in  fact,  almost  every  specimen  of  native  lead  sulphide  is  found  to  contain 
traces  of  this  metal.  When  the  proportion  rises  to  a  certain  amount,  it 
becomes  worth  extracting.  The  ore  is  reduced  in  the  usual  manner,  the 
whole  of  the  silver  remaining  with  the  lead ;  the  latter  is  then  re-melted 
in  a  large  vessel,  and  allowed  to  cool  slowly  until  solidification  commences. 
The  portion  which  first  crystallizes  is  nearly  pure  lead,  the  alloy  with 
silver  being  nwre  fusible  than  lead  itself;  by  particular  management  this  is 
drained  away,  and  is  found  to  contain  nearly  the  whole  of  the  silver. 
*[Pattinson'8  process.]  This  rich  mass  is  next  exposed  to  a  red  heat  on 
the  shallow  hearth  of  a  furnace,  while  a  stream  of  air  is  allowed  to  im- 
pinge upon  its  surface ;  oxidation  takes  place  with  great  rapidity,  the 
fused  oxide  or  litharge  being  constantly  swept  from  the  metal  by  the  blast. 
When  the  greater  part  of  the  lead  has  been  thus  removed,  the  residue  is 
transferred  to  a  cupel  or  shallow  dish  made  of  bone-ashes,  and  again 
heated  ;  the  last  portion  of  the  lead  is  now  oxidized,  and  the  oxide  sinks 
in  a  melted  state  into  the  porous  vessel,  while  the  silver,  almost  chemi- 
cally pure,  and  exhibiting  a  brilliant  surface,  remains  behind. 

Pure  silver  may  be  easily  obtained.  The  metal  is  dissolved  in  nitric 
acid ;  if  it  contains  copper,  the  solution  will  have  a  blue  tint ;  gold  will 
remain  undissolved  as  a  black  powder.  The  solution  is  mixed  with  hydro- 
chloric acid,  or  with  common  salt,  and  the  white,  insoluble,  curdy  precipi- 
tate of  silver  chloride  is  washed  and  dried.  This  is  then  mixed  with  about 
twice  its  weight  of  anhydrous  sodium  carbonate,  and  the  mixture,  placed 
in  an  earthen  crucible,  is  gradually  raised  to  a  temperature  approaching 
whiteness,  during  which  the  sodium  carbonate  and  the  silver  chloride 
react  upon  each  other ;  carbon  dioxide  and  oxygen  escape,  while  roetallio 
silver  and  sodium  chloride  result :  the  former  melts  into  a  button  at  the 
bottom  of  the  crucible,  and  is  easily  detached.  The  following  is  perhaps 
the  most  simple  method  for  the  reduction  of  the  silver  chloride.  The 
silver-salt  is  covered  with  water,  to  which  a  few  drops  of  sulphuric  acid 
are  added  ;  a  plate  of  zinc  is  then  introduced.  The  silver  chloride  soon 
begins  to  decompose,  and  is,  after  a  short  time,  entirely  converted  into 
metallic  silver  ;  the  silver  thus  obtained  is  gray  and  spongy  ;  it  is  ulti- 
mately purified  by  washing  with  slightly  acidulated  water. 

Pure  silver  has  a  perfect  white  color  and  a  high  degree  of  lustre :  it  is 
exceedingly  malleable  and  ductile,  and  is  probably  the  best  conductor 
both  of  heat  and  electricity  known.  Its  specific  gravity  is  10.5.  In  hard- 
ness, it  lies  between  gold  and  copper.  It  melts  at  a  bright  red  heat.  Silver 
is  unalterable  by  air  and  moisture  :  it  refuses  to  oxidize  at  any  tempera- 
ture, but  possesses  the  extraordinary  faculty  already  noticed  of  absorbing 
many  times  its  volume  of  oxygen  when  strongly  heated  in  an  atmosphere 
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of  that  gas,  or  in  common  air.  The  oxygen  is  again  disengaged  at  the 
moment  of  Bohdification,  and  gives  rise  to  the  peculiar  arborescent  appear- 
anoe  often  remarked  on  the  surface  of  masses  or  buttons  of  pure  silver 
The  addition  of  2  per  cent,  of  copper  is  sufficient  to  prevent  the  absorption 
of  oxygen.  Silver  oxidizes  when  heated  with  fusible  siliceous  matter,  as 
glass,  which  it  stains  yellow  or  orange,  from  the .  formation  of  a  silicate. 
It  IS  little  attacked  by  hydrochloric  acid;  boiling  oil  of  vitriol  converts  it 
into  sulphate,  with  evolution  of  sulphurous  oxide  ;  nitric  acid,  even  dilute 
and  in  the  cold,  dissolves  it  readily.  The  tarnishing  of  surfaces  of  silver 
exposed  to  the  air  is  due  to  hydrogen  sulphide,  the  metal  having  a  strong 
attraction  for  sulphur.  ° 

Silver  ChlorldOB.— Two  of  these  compounds  are  known,  containing 
respectively  1  and  2  atoms  of  silver  to  1  atom  of  chlorine ;  the  second, 
however,  is  a  very  unstable  compound.* 

The  Monochloride  or  Argentic  Chloride,  AgCl,  is  almost  inva- 
riably produced  when  a  soluble  silver  salt  and  a  soluble  chloride  are 
mixed.  It  falls  as  a  white,  curdy  precipitate,  quite  insoluble  in  water 
and  nitnc  acid  ;  one  part  of  silver  chloride  is  soluble  in  200  parts  of  hydro- 
chloric acid  when  concentrated,  and  in  about  600  part*  when  diluted  with 
double  ite  weight  of  water.  When  heated  it  melts,  and  on  cooling  becomes 
a  grayish  crystalline  mass,  which  cuts  like  horn :  it  is  found  native  in 
this  condition,  constituting  the  kam-nlver  of  the  mineralogist.  Silver 
chloride  is  decomposed  by  light,  both  in  the  dry  and  in  the  wet  state,  very 
slowly  If  pure,  and  quickly  if  organic  matter  be  present :  it  is  reduced 
also  when  put  into  water  with  metallic  zinc  or  iron.  It  dissolves  with 
great  ease  in  ammonia  and  in  a  solution  of  potassium  cyanide.  In  analysis 
the  proportion  of  chlorine  or  hydrochloric  acid  in  a  compound  is  always 
eatunated  by  precipitation  with  silver  solution.  The  liquid  is  acidulated 
with  nitric  acid,  and  an  excess  of  silver  nitrate  added ;  the  chlorine  is 
collected  on  a  filter,  or  better,  by  subsidence,  washed,  dried,  and  fused ; 
100  parts  correspond  to  24.7  of  chlorine,  or  26.43  of  hydrochloric  acid. 

Ar  gen  ton  8  Chloride,  Ag^Cl,,  is  obtained  by  treating  the  correspond- 
ing oxide  with  hydrochloric  acid  or  by  precipitating  an  argentous  salt — 
the  citrate,  for  example— with  common  salt.  It  is  easily  resolved  by  heat 
or  by  ammonia  into  argentic  chloride  and  metallic  silver. 

Silver  Flaorlde,  AgP,  is  produced  by  dissolving  argentic  oxide  or 
carbonate  in  aqueous  hydrofluoric  acid,  and  separates  on  evaporation  in 
transparent  quadratic  octohedrons,  which  contain  AgF.H,0,  and  give  off 
their  water  when  fused.  Their  solution  gives,  with  hydrochloric  acid,  a 
precipitate  of  argentic  chloride.  When  chlorine  gas  is  passed  over  fused 
silver  fluoride,  silver  chloride  is  formed  and  fluorine  is  set  free  (p.  189). 

Silver  Iodide,  Agl,  is  a  pale-yellow  insoluble  precipitate,  produced  by 
adding  silver  nitrate  to  potassium  iodide  ;  it  is  insoluble,  or  nearly  so,  in 
ammonia,  and  in  this  respect  forms  an  exception  to  the  silver-salts  in 
general,  Deville  has  obtained  a  crystalline  silver  iodide  by  the  action  of 
concentrated  hydriodic  acid  upon  metallic  silver,  which  it  dissolves  with 
disengagement  of  hydrogen.  Hydriodic  acid  converts  silver  chloride  into 
iodide.    The  bromide  of  silver  very  closely  resembles  the  chloride. 

*  The  existence  of  two  silver  chlorides  is  utterly  iacompatible  with  the  hypo* 
theali  that  both  sliver  And  chlorine  are  monad  elements.  The  composition  of  the 
Anrentous  compounds  is  not  perhaps  very  well  established  $  but  supposing  the 
chloride  to  contain  AgiCl^as  usually  stated,  its  constitution  may  be  represented 

AesCl 
^y  the  formula  j    ,  in  which  chlorine  plays  the  part  of  a  triad. 

AgaUl 
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Silver  Ozidea. — ^There  are  three  oxides  of  silver,  only  one  of  which 
can,  liowever,  be  regarded  as  a  ^ell-defiued  compound,  namely : — 

The  Monoxide,  or  Argentic  Oxide,  AgjO.— This  oxide  is  a  power- 
ful base,  yielding  salts  isomorphous  with  those  of  the  alkali -metals,  it 
is  obtained  as  a  pale-brown  precipitate  on  adding  caustic  potash  to  a  solu- 
tion of  silver  nitrate  :— *• 

2AgN0,  +  2KnO  =  AgaO  +  2KN0,  +  OH^. 

It  is  very  soluble  in  ammonia,  and  is  dissolved  also  to  a  small  extent  by 
pure  water ;  the  solution  is  alkaline.  Kecently  precipitated  silver  chlo- 
ride, boiled  with  a  solution  of  caustic  potash  of  specific  gravity  1.25,  is 
converted,  according  to  Gregory,  although  with  difficulty,  into  argentic 
oxide,  which  in  this  case  is  black  and  very  dense.  Argentic  oxide  neu- 
tralizes acids  completely,  and  forms,  for  the  most  part,  colorless  salts.  U 
is  decomposed  by  a  red  heat,  with  evolution  of  oxygen,  spongy  metallic 
silver  being  left :  the  sun's  rays  also  effect  its  decomposition  to  a  small 
extent. 

Argentous  Oxide,  Agfl.* — ^When  dry  argentic  citrate  is  heated  to 
lOOO  C.  (2120  F.)  in  a  stream  of  hydrogen  gas,  it  loses  oxygen  and  beconu« 
dark-brown.  The  product,  dissolved  in  water,  gives  a  dark-colored  solu- 
tion containing  free  citric  acid  and  argentous  citrate,  wliich  when  mixed 
with  potash  yields  a  precipitate  of  argentous  oxide.  This  oxide  is  a  black 
powder,  very  easily  decomposed,  and  soluble  in  ammonia.  The  solution 
of  argentous  citrate  is  rendered  colorless  by  heat,  being  resolved  into 
argentic  citrate  and  metallic  silver. 

Ago 

Silver  Dioxide,  Ag,0,  =      |  . — ^This  is  a  black  crystalline  substance 

Ago 
which  forms  upon  the  positive  electrode  of  a  voltaic  arrangement  employed 
to  decompose  a  solution  of  silver  nitrate.  It  is  reduced  by  heat ;  evolves 
chlorine  when  acted  upon  by  hydrochloric  acid ;  explodes  when  mixed 
with  phosphorus  and  struck  ;  and  decomposes  solution  of  ammonia,  with 
great  energy  and  rax^id  disengagement  of  nitrogen  gas. 

OzysaltB  of  Silver. — ^The  nitrate,  AgNO,,  is  prepared  by  dissolving 
silver  in  nitric  acid,  and  evaporating  the  solution  to  dryness,  or  until  it  is 
strong  enough  to  crystallize  on  cooling.  The  crystals  are  colorless,  trans- 
parent, anhydrous  tables,  soluble  in  an  equal  weight  of  cold  and  in  half  thai 
quantity  of  boiling  water :  they  also  dissolve  in  alcohol.  They  fuse  when 
heated,  like  those  of  nitre,  and  at  a  high  temperature  suffer  decomposi- 
tion :  the  Itmar  caustic  of  the  surgeon  is  silver  nitrate  which  has  been  melted 
and  poured  into  a  cylindrical  mould.  The  salt  blackens  when  exposed  to 
light,  more  particularly  if  organic  matters  of  any  kind  are  present,  and  is 
frequently  employed  to  communicate  a  dark  stain  to  the  hair  ;  it  enters 
into  the  composition  of  the  '*  indelible"  ink  used  for  marking  linen.  The 
black  stain  has  been  thought  to  be  metallic  silver ;  it  may  possibly  be 
argentous  oxide.  Pure  silver  nitrate  may  be  prepared  from  the  metal 
alloyed  with  copper :  the  alloy  is  dissolved  in  nitric  acid,  the  solution 
evaporated  to  dryness,  and  the  mixed  nitrates  cautiously  heated  to  fusion. 
A  small  portion  of  the  melted  mass  is  removed  from  time  to  time  for  exam- 
ination :  it  is  dissolved  in  water,  filtered,  and  ammonia  added  to  it  in  ex- 
cess.    While  any  copper-salt  remains  undecompoaeii,  the  liquid  will  be 

*  Asisumlag  that  this  formula  is  correct,  and  that  silver  ia  a  monad,  then  oxyrcn 
must  be  a  tetrad  ;  if,  however,  silver  be  regarded  as  a  dynd  or  triad,  argeutous  oxide 

Ag Ag  Ag Ag 

may  be  represented  as      |  |     ,ora8     ii  ||    . 

Ag — O — A%  Ag — O — Ag 
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Hue,  but  when  that  no  longer  happens,  the  nitrate  may  be  suffered  to  cool, 
didsolved  iu  water,  and  tiitt^red  from  the  black  oxide  ol'  copper. 

Silver  JSulphate,  AgjSO^,  may  be  prepared  by  boiling  together  oil  of  vitriol 
and  metallic  silver,  or  by  precipitating  a  concentrated  solution  of  silver 
nitrate  with  an  alkaline  sulphate.  It  dissolves  in  88  parts  of  boiling  water, 
and  separates  in  great  measure  in  the  crystalline  form  on  cooling,  being 
but  slightly  soluble  at  a  low  temperature,  it  forms  with  ammonia  a  crys- 
tallizable  compound  which  is  freely  soluble  in  water,  contains  2I>IU3.Ag2b04, 
and  may  therefore  be  regarded  as  argentctnwumiwn  sulphate  (JSH^A^)^0^, 

ZiUver  Hyposvdpiiatey  or  DiUdonatey  AgjiS^Og,  is  a  soluble  crystailizaole  salt, 
pemianeut  in  the  air.  The  thiosulpttatey  Ag^S^Oj,  is  insoluble,  white,  and 
Tery  prone  to  decomposition :  it  combines  with  tiie  alkaline  thiosulphates, 
forming  soluble  compounds  distinguished  by  an  intensely  sweet  taste. 
The  alkaline  thiosulphates  dissolve  both  oxide  and  chloride  of  silver,  and 
give  rise  to  similar  salts,  an  oxide  or  chloride  of  the  alkaline  metal  being 
at  the  same  time  tbrmed :  hence  the  use  of  alkaline  thiosulphates  in  fixing 
photographic  pictures  (p.  9U). 

iSUver  Carbonate  is  a  white  insoluble  substance  obtained  by  mixing  solu- 
tions of  silver  nitrate  and  sodium  carbonate.  It  is  blackened  and  decom- 
posed by  boiling. 

Silver  Sulphide,  AggS,  is  a  soft,  gray,  and  somewhat  malleable  sub- 
stance, found  native  in  the  crystallized  state,  and  easily  produced  by 
melting  together  its  constituents,  or  by  precipitating  a  solution  of  silver 
with  hydrogen  sulphide.  It  is  a  strong  sulphur-base,  and  combines  with 
the  sulphides  of  antimony  and  arsenic :  examples  of  such  compounds  are 
found  in  the  beautiful  minerals,  dark  and  light-red  silver  ore. 

Ammonia  Componnd  of  Silver;  BertholleCs  Fulminating  Silver,-^ 
This  is  a  black,  explosive  compound,  formed  by  digesting  precipitated 
argentic  oxide  in  ammonia.  While  moist,  it  explodes  only  when  rubbed 
with  a  hard  Ixxiy,  but  when  dry  the  touch  of  a  feather  is  sufficient.  The 
ammonia  retains  some  of  this  substance  in  solution,  and  deposits  it  in 
small  crystals  by  spontaneous  evaporation.  A  similar  compound  exists 
containing  oxide  of  gold. 

Soluble  silver  salts  are  perfectly  characterized  by  the  white  curdy  pre- 
cipitate of  silver  chloride,  darkening  by  exposure  to  light,  and  insoluble  in 
hot  nitric  acid,  which  is  produced  by  the  addition  of  any  soluble  chloride. 
Lead  and  mercury  are  the  only  metals  which  can  be  confounded  with 
silver  in  this  respect ;  but  lead  chloride  is  soluble  to  a  great  extent  in 
boiling  water,  and  is  deposited  in  brilliant  a<;icular  crystals  when  the 
solution  cools  ;  and  mercurous  chloride  is  instantly  blackened  by  ammonia, 
whereas  silver  chloride  is  dissolved  thereby. 

Solutions  of  silver  are  reduced  to  the  metallic  state  by  iron,  copper^ 
mercury,  and  other  metals.  They  give  with  hydrogen  sidphide  a  black  pre- 
cipitate of  argentic  sulphide  insoluble  in  ammonium  sulphide ;  with 
caustic  aUcalieSf  a  brown  precipitate  of  argentic  oxide ;  and  jvith  allaline 
carbonates,  a  white  precipitate  of  argentic  carbonate,  both  preci])itatos 
being  easily  soluble  in  ammonia.  Ordinary  sodium  phosphate  forms  a 
yellow  precipitate  of  argentic  orthophosphate ;  potassium  dirontate  or 
bickronuUe,  a  red-brown  precipitate  of  argentic  chromate. 


The  economical  uses  of  silver  are  many :  it  is  admirably  adapted  for 
culinary  and  other  similar  purposes,  not  Iwing  attacked  in  the  slightest 
degree  by  anv  of  the  substances  used  for  food.     It  is  necessary,  however, 
28 
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in  these  cases,  to  diminish  the  softness  of  the  metal  by  a  small  addition 
of  copper.  The  standard  silver  of  England  contains  ^22  parte  of  silver 
and  lb  parts  of  copper. 


aOLD. 

Atomlo  weight,  197.    Symbol,  Au  (Aurum). 

Gold,  in  small  quantities,  is  a  very  widely  diffused  metal ;  traces  of  it 
are  constantly  found  in  the  iron  pyrites  of  the  more  ancient  rocks.  It  is 
always  met  with  in  the  metallic  state,  sometimes  beautifully  crystallized 
in  the  cubic  form,  associated  with  quartz,  iron  oxide,  and  other  substances 
in  regular  mineral  veins.  The  sands  of  various  rivers  have  long  furnished 
gold  derived  from  this  source,  and  separable  by  a  simple  process  of  wash- 
ing ;  such  is  the  gold-dust  of  commerce.  When  a  veinstone  is  wrought  for 
gold,  it  is  stamped  to  powder,  and  shaken  in  a  suitable  apparatus  with 
water  and  mercury ;  an  amalgam  is  thus  formed,  which  is  afterwards 
separated  from  the  mixture  and  decomposed  by  distillation.  Formerly, 
the  chief  supply  of  gold  was  obtained  from  the  mines  of  Brazil,  Hungary, 
and  the  Ural  Mountains ;  but  California  and  Australia  now  yield  by  far 
the  largest  quantity.  The  new  gold-field  of  British  Columbia  is  also  very 
productive. 

Native  gold  is  almost  always  alloyed  with  silver.  The  purest  speci- 
mens have  been  obtained  from  Schabrowski,  near  Katharinenburg,  in  the 
Ural.  A  specimen  analyzed  by  Gustav  Rose  was  found  to  contain  98.06 
per  cent,  of  gold.  The  Californian  gold  averages  from  87.5  to  88.5  per 
cent.,  and  the  Australian  from  96  to  96.6  per  cent.  In  some  specimens 
of  native  gold,  as  in  that  from  Linarowski  in  the  Altai  Mountains,  the 
percentage  of  gold  is  as  low  as  60  per  cent.,  the  remainder  being  silver. 

Pure  gold  is  obtained  from  its  alloys  by  solution  in  nitromuriatic  acid, 
and  precipitated  with  a  ferrous  salt,  which  reduces  the  gold,  and  is  itself 
converted  into  a  ferric  salt,  thus  : — 

eFeSO^  +  2AuClj  =  2Fe2(S04),  +  Fe,Cl«  +  Au, . 

The  gold  falls  as  a  brown  powder,  which  acquires  the  metallic  lustre  by 

friction.  ,         tx  h 

Gold  is  a  soft  metal,  having  a  beautiful  yellow  color.  It  surpasses  all 
other  metals  in  malleability,  the  thinnest  gold  leaf  not  exceeding,  it  is 
said,  ™?.™r  o^  an  inch  in  thickness,  while  the  gilding  on  the  silver  wire 
used  in  the  manufacture  of  gold-la4:e  is  still  thinner.  It  raa/also  be  drawn 
into  very  fine  wire.  Gold  has  a  density  of  19.5 :  it  melts  at  a  temperature 
a  little  above  the  fusing  point  of  silver.  Neither  air  nor  water  affects  it 
in  the  least  at  any  temperature  ;  the  ordinary  acids  fail  to  attack  it  singly. 
A  mixture  of  nitric  and  hydrochloric  acid  dissolves  gold,  however,  with 
ease,  the  active  agent  being  the  liberated  chlorine. 

Gold  forms  two  series  of  compounds :  the  aurous  compounds,  m 
which  it  is  univalent,  as  AuCl,  Au^O,  etc.,  and  the  auric  compounds, 
in  which  it  is  trivalent,  as  AuClj,  Au^O,,  etc. 

Chlorides.— The  monocA/ortW«,  or  Aurous  chloride,  AuCl,  is  produced  when 
the  trichloride  is  evaporated  to  dryness,  and  exposed  to  a  heat  of  22 /O  C. 
(440.60  F.)  until  chlorine  ceases  to  be  exhaled.  It  forms  a  yellowisb- 
white  mass,  insoluble  in  water.  In  contAot  with  that  liquid  it  is  decom- 
posed  slowly  in  the  cold,  and  rapidly  by  the  aid  of  heat,  into  metallic  gold 
and  trichloride. 
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The  trichloride,  or  Auric  chloride^  AuClg,  is  the  most  important  componnd 
of  gold  :  it  is  always  produced  when  gold  is  dissolved  in  nitro-muriatic 
acid.  The  deep  yellow  solution  thus  obtained  yields,  by  evaporation, 
yellow  crystals  of  the  double  chloride  of  gold  and  hydrogen  ;  when  this  is 
cautiously  heated,  hydrochloric  acid  is  expelled,  and  the  residue,  on  cool- 
ing, solidifies  to  a  red  crystalline  mass  of  auric  chloride,  very  deliquescent, 
and  soluble  in  water,  alcohol,  and  ether.  Auric  chloride  combines  with 
a  number  of  metallic  chlorides,  forming  a  series  of  double  salts,  called 
ehloroaurates,  of  which  the  general  formula  in  the  anhydrous  state  is 
MCI.AUCI3,  M  representing  an  atom  of  a  monad  metal.  Tliese  compounds 
are  mostly  yellow  when  in  crystals,  and  red  when  deprived  of  water.  The 
ammonium  salt,  NH^Cl.AuCls.HjO,  crystallizes  in  transparent  needles ;  the 
sodium  salt,  NaCl.AuCl3.2H2O,  in  long  four-sided  prisms.  Auric  chloride 
likewise  forms  crystalline  double  salts  with  the  hydrochlorides  of  many 
organic  bases. 

A  mixture  of  auric  chloride  with  excess  of  acid  potassium  or  sodium 
carbonate  is  used  for  gilding  small  ornamental  articles  of  copper  :  these 
are  cleaned  by  dilute  nitric  acid,  and  then  boiled  in  the  mixture  for  some 
time,  by  which  means  they  acquire  a  thin  but  perfect  coating  of  reduced 
gold. 

Oxides. — ^Tlie  monoxide,  or  Aurous  oxide,  is  produced  when  caustic  pot- 
ash in  solution  is  poured  upon  the  monocliloride.  It  is  a  green  powder, 
partly  soluble  in  the  alkaline  liquid ;  the  solution  rapidly  decomposes 
into  metallic  gold,  which  subsides,  and  auric  oxide,  which  remains  dis- 
solved. 

Trioxide,  or  Auric  oxide,  Avtfi^. — ^When  magnesia  is  added  to  auric  chlo- 
ride, and  the  sparingly  soluble  aurate  of  magnesium  well  washed  and 
digested  with  nitric  acid,  auric  oxide  is  left  as  an  insoluble  reddish-yellow 
powder,  which,  when  dry,  becomes  chestnut-brown.  It  is  easily  reduced 
by  heat,  and  by  mere  exposure  to  light ;  it  is  insoluble  in  oxygen-acids, 
with  the  exception  of  strong  nitric  acid,  insoluble  in  hydrofluoric  acid, 
easily  dissolved  by  hydrochloric  and  hydrobromic  acids.  Alkalies  dissolve 
it  freely ;  indeed,  the  acid  properties  of  this  substance  are  very  strpngly 
marked ;  it  partially  decomposes  a  solution  of  potassium  chloride  when 
boiled  with  that  liquid,  potassium  hydroxide  being  produced.  When 
digested  with  ammonia,  it  yields  fulminating  gold,  consisting,  according  to 
Berzelius,  of  Au2Oj.4NHj.HjO. 

The  compounds  of  auric  oxide  with  alkalies  are  called  aur  ates .  The 
potcusiumsa/t,  KjO.AUjO,.6HjO  or  KAuO,. 311,0,  is  a  crystalline  salt,  the 
solution  of  which  is  sometimes  used  as  a  bath  for  electro-gilding.  A  com- 
pound of  aurate  and  acid  sulphite  of  potassium,  or  potassium  aurosulphite, 
2(KAu02.4KHS0,).H20,  is  dex>osited  in  yellow  needles  when  potassium 
sulphite  is  added,  drop  by  drop,,  to  an  alkaline  solution  of  potassium  aurate. 

Gold  shows  but  little  tendency  to  form  oxygen-salts.  Auric  oxide  dis- 
solves in  strong  nitric  acid,  but  the  solution  is  decomposed  by  evaporation 
or  dilution.  A  sodio-aurous  thiosulphate,  NajAu (8205)2.21120,  is  prepared  by 
mixing  the  concentrated  solutions  of  auric  chloride  and  sodium  thiosul- 
phate, and  precipitating  with  alcohol.  It  is  very  soluble  in  water,  and 
crystallize  in  colorless  needles.  Its  solution  is  used  for  fixing  daguerreo- 
type pictures.  With  barium  chloride,  it  yields  a  gelatinous  precipitate  of 
bario-auroui  thiostUphale^  BajAujCSjOg)^. 

Sulphides. — Aurous  sulphide,  AUjS,  is  formed  as  a  dark-brown,  almost 
black,  precipitate  when  hydrogen  sulphide  is  passed  into  a  boiling  solution 
of  auric  chloride.  It  forms  sulphur-salts  with  the  monosulphides  of  potas- 
fiicm  and  sodium.    Auric  sulphide,  Au^Sj,  is  precipitated  in  yellow  Hocks 
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when  hydrogen  sulphide  is  passed  into  a  cold  dilate  solution  of  auric  chlo- 
ride.    Both  those  sulphides  dissolve  in  ammonium  sulphide. 


The  presence  of  gold  in  solution  may  l»e  detected  by  the  brown  precipi- 
tate witli /errou«  suijifiaie,  fusible  before  the  blow-pipe  to  a  bead  of  metallic 
gold  ;  also  by  the  brownish-purple  precipitate,  caihxL  **  Purple  of  Cassius,'' 
formed  when  stannous  chloride  is  added  to  dilute  gold  solutions.  The  com- 
position of  this  precipitate  is  not  exactly  known,  but,  after  ignition,  it 
doubtless  consists  of  a  mixture  of  stannic  oxide  and  metallic  gold.*  it  is 
used  in  enamel  painting. 

Oxalic  acid  slowly  reduces  gold  to  the  metallic  state  :  to  insure  complete 
precipitation,  the  gold-solution  must  be  digested  with  it  for  24  hours. 
For  the  quantitative  analysis  of  a  solution  containing  gold  and  other  metals, 
oxalic  acid  is,  in  most  cases,  a  more  convenient  precipitant  than  ferrous 
sulphate  ;  inasmuch  as,  if  the  quantities  of  the  other  metals  are  also  to 
be  determined,  tlie  presence  of  a  large  quantity  of  iron-salt  may  com- 
plicate the  analysis  considerably. 


Gold  intended  for  coin,  and  most  other  purposes,  is  always  alloyed  with 
a  certain  proportion  of  silver  or  copper,  to  increase  its  liardness  and  dura- 
bility ;  the  first-named  metal  confers  a  pale-greenish  color.  English  stand- 
ard gold  contains  •j'^  of  alloy,  now  always  copper.  Gold,  when  alloyed 
with  copper,  may  be  estimated  by  fusion  in  a  cupel  with  lead,  in  the  same 
way  as  silver  (p.  322).  If  the  alloy  be  free  from  silver,  the  weight  of  the 
globule  of  gold  left  in  the  cupel  will,  after  repeated  fusions,  accurately 
represent  the  quantity  of  gold  which  is  present  in  the  alloy.  But,  if  the 
alloy  contains  silver,  the  metal  remains  with  the  gold  after  cupellation. 
In  this  case  tlie  original  alloy,  consisting  of  gold,  silver,  and  copper,  is 
fused  in  the  muffle,  together  with  lead  and  silver  ;  the  alloy  of  gold  and 
silver  remaining  after  ou|>ellation  is  then  boiled  with  nitric  acid,  which 
dissolves  the  silver,  the  gold  being  left  behind.  By  treatment  of  the  alloy 
of  gold  and  silver  witli  nitric  acid,  an  accurate  separation  is  obtained  only 
when  the  two  metals  are  present  in  certain  proportions.  If  the  alloy  con- 
tains but  little  silver,  that  metal  is  protected  from  tlie  action  of  the  nitric 
acid  by  the  gold  ;  again,  if  it  contains  too  much  silver,  the  gold  is  left  as 
a  powder  when  the  silver  is  dissolved  out.  Experience  has  shown  that 
the  most  favorable  proportions  are  ^  gold  to  |  silver  ;  the  gold  is  then  left 
pure,  retaining  the  original  shape  of  the  alloy,  and  can  be  easily  dried 
and  weighed.  The  quantity  of  silver  which  is  added  to  the  alloy  must 
therefore  vary  with  the  amount  of  gold  which  it  contains. 

Gold-leaf  is  made  by  rolling  out  plates  of  pure  gold  as  thin  as  possible, 
and  then  beating  them  between  folds  of  membrane  with  a  heavy  hammer, 
until  the  requisite  degree  of  tenuity  has  been  reached.  The  leaf  is  made 
to  adhere  to  wood,  etc.,  by  size  or  varnish. 

Gilding  on  copper  has  very  generally  been  performed  by  dipping  the 
articles  into  a  solution  of  mercury  nitrate,  and  then  shaking  them  with  a 
small  lump  of  a  soft  amalgam  of  gold  with  that  metal,  which  thus  becomes 
spread  over  their  surfaces  :  the  articles  are  subsequently  heated  to  expel 
the  mercury,  and  then  burnished.  Gilding  on  steel  is  done  either  by 
applying  a  solution  of  auric  chloride  in  ether,  or  by  roughening  the  sur- 
face of  the  metal,  heating  it,  and  applying  gold-leaf  with  the  burnisher. 
Gilding  by  electrolysis — ^an  elegant  and  simple  method,  now  rapidly  super- 
seding many  of  the  others — ^has  already  been  noticed  (p.  267).  The  solu- 
tion usually  employed  is  obtained  by  dissolving  oxide  or  cyanide  of  gold 
in  a  solution  of  potassium  cyanide. 

*  Oraham's  Elements  of  ChcmiBtry,  2d  ed.  vol.  n.  p.  363. 
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GROUP  I.— METALS  OF  THE  ALKALINE  EARTHS, 


BARIUM.* 

Atomic  Weight,  187.    Symbol,  Ba. 

This  metal  occurB  abundantlj  as  sulphate  and  carbonate,  forming  the 
veinstone  in  many  lead  mines.  Davy  obtained  it  in  the  metallic  state  by 
means  similar  to  those  described  in  the  case  of  lithium.  Bunsen  subjects 
barium  chloride  mixed  to  a  paste  with  water  and  a  little  hydrochloric  acid, 
at  a  temperature  of  lOOO,  to  the  action  of  the  electric  current,  using  an 
amalgamated  platinum  wire  as  the  negative  pole.  In  this  manner  the 
metal  is  obtained  as  a  solid,  highly  crystalline  amalgam,  which,  when 
heated  in  a  stream  of  hydrogen,  yields  barium  in  the  form  of  a  tumefied 
mass,  tarnished  on  the  surface,  but  often  exhibiting  a  silver-white  lustre 
in  the  cavities.  Barium  may  also  be  obtained,  though  impure,  by  passing 
▼apor  of  potassium  over  the  red-hot  chloride  or  oxide  of  barium.  It  is 
malleable,  melts  below  a  red  heat,  decomposes  water,  and  gradually  oxi- 
dizes in  the  air. 

Barium  Chloride,  BaCl,.2HgO. — ^This  valuable  salt  is  prepared  by  dis- 
solving the  native  carbonate  in  hydrochloric  acid,  filtering  the  solution, 
and  evaporating  until  a  pellicle  begins  to  form  at  the  surface :  the  solu- 
tion on  cooling  deposits  crystals.  When  native  carbonate  cannot  be  pro- 
cured, the  native  sulphate  may  be  employed  in  the  following  manner : 
The  sulphate  is  reduced  to  fine  powder,  and  intimately  mixed  with  one- 
third  of  its  weight  of  powdered  coal ;  the  mixture  is  pressed  into  an 
earthen  crucible  to  which  a  cover  is  fitted,  and  exposed  for  an  hour  or 
more  to  a  high  red  heat,  by  which  the  sulphate  is  converted  into  sulphide 
at  the  expense  of  the  combustible  matter  of  the  coal ;  the  black  mass 
thus  obtained  is  powdered  and  boiled  in  water,  by  which  the  sulphide  is 
dissolved  ;  and  the  solution,  filtered  hot,  is  mixed  with  a  slight  excess  of 
hydrochloric  acid.  Barium  chloride  and  hydrogen  sulphide  are  then  pro- 
duced, the  latter  escaping  with  eflfervescence.  Lastly,  the  solution  is 
filtered  to  separate  any  little  insoluble  matter,  and  evaporated  to  the  crys- 
tallizing xK>int. 

The  crystals  of  barium  chloride  are  flat  four-sided  tables,  colorless  and 
transparent.  They  contain  two  molecules  of  water,  easily  driven  oflf  by 
heat.  100  parts  of  water  dissolve  43.5  parts  at  15.50,  and  78  parts  at 
104.5^,  which  is  the  boiling-point  of  the  saturated  solution. 

Bariam  Oxides. — ^The  Mnnoride  or  Baryta^  BaO,  is  best  prepared  by 
decomposing  the  crystallized  nitrate  by  heat  in  a  capacious  porcelain  cru- 
cible until  red  vapors  are  no  longer  disengaged :  the  nitric  acid  is  then 
resolved  into  nitrous  acid  and  oxygen,  and  the  baryta  remains  behind  in 
the  form  of  a  grayish  spongy  mass,  fusible  at  a  high  degree  of  heat. 
Wlien  moistened  with  water  it  combines  into  a  hydrate,  with  great  eleva- 
tion of  temperature.     The  Hydroxide  or  Hydrate,  BaH.j02  =  ^8,0.H20,  is 

*  From  A*»uf^  henvy,  5n  allusion  to  the  great  specific  gravity  of  the  native  car- 
boaate  and  sulphate. 
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prepared  on  the  large  scale  by  decomposing  a  hot  concentrated  solution  of 
barium  chloride  with  a  solution  of  caustic  soda ;  on  cooling,  crystals  of 
barium  hydrate  are  depositoil,  which  may  bo  purified  by  re-crystallizalion. 
In  the  laboratory  barium  hydrate  is  often  prepared  by  boiling  a  strong 
solution  of  the  sulphide  with  small  successive  portions  of  black  oxide  of 
copper  until  a  drop  of  the  liquid  ceases  to  form  a  black  precipitate  with 
lead  salts  :  the  filtered  liquid  on  cooling  yields  crystals  of  the  hydrate. 
The  crystals  of  barium  hydrate  contain  BaH,0,.8Aq.  :*  they  fuse  easily, 
and  lose  their  water  of  crystallization  when  strongly  heated,  leaving  the 
hydrate,  Ball^O,,  in  the  form  of  a  white,  soft  powder,  having  a  great  at- 
traction for  carbonic  acid,  and  soluble  in  20  parts  of  cold  and  2  parts  of 
boiling  water.  The  solution  is  a  valuable  reagent :  it  is  highly  alkaline 
to  test-paper,  and  instantly  rendered  turbid  by  the  smallest  trace  of  car- 
bonic acid. 

The  Dioxide,  BaO,,  may  be  formed,  as  already  mentioned,  by  exposing 
baryta,  heated  to  full  redness  in  a  porcelain  tube,  to  a  current  of  pure 
oxygen  gas.  It  is  gray,  and  forms  with  water  a  white  hydrate,  which  is 
not  decomposed  by  that  liquid  in  the  cold,  but  dissolves  in  small  quantity. 
Barium  hydrate,  when  heated  to  n^ness  in  a  current  of  dry  atmospheric 
air,  loses  its  water,  and  is  converted,  by  absorption  of  oxygen,  into  barium 
dioxide,  from  which  the  second  atom  of  oxygen  may  be  expelled  at  a  higher 
temperature.  Boussingault  has  prox)osed  to  utilize  these  reactions  for  the 
preparation  of  oxygen  upon  a  large  scale.  The  dioxide  may  also  be  made 
by  heating  pure  baryta  to  redness  in  a  platinum  crucible,  and  then  gradu- 
ally adding  an  equal  weight  of  potassium  chlorate,  whereby  barium  dioxide 
and  potassium  chloride  are  produced.  The  latter  may  be  extracted  by 
cold  water,  and  the  dioxide  left  in  the  state  of  hydrate.  It  is  used  for  the 
preparation  of  hydrogen  dioxide  (p.  148).  When  dissolved  in  dilute  acid, 
it  is  deoomposed  by  potassium  bichromate,  and  by  the  oxide,  chloride,  sul- 
phate, and  carbonate  of  silver. 

Ozysalta  of  Barium. — ^The  Nitrate,  BaCNO,),,  is  prepared  by  methods 
exactly  similar  to  those  adopted  for  preparing  the  chloride,  nitric  acid  be- 
ing substituted  for  hydrochloric.  It  crystallizes  in  transparent  colorless 
octohedrons,  which  are  anhydrous.  They  require  for  solution  8  parts  of 
cold  and  3  parts  of  boiling  water.  This  salt  is  much  less  soluble  in  dilute 
nitric  acid  than  in  pure  water :  errors  sometimes  arise  from  such  a  precipi- 
tate of  crystalline  barium  nitrate  being  mistaken  for  sulphate.  It  disap- 
pears on  heating,  or  by  large  affusion  of  water. 

The  Sulphate,  BaSO^,  is  found  native  as  heavy  spar  or  hartftes,  often  beau- 
tifully crystallized  :  its  specific  gravity  is  as  high  as  4.4  to  4.8.  This  com- 
pound is  always  productni  wheu  sulphuric  acid  or  a  soluble  sulphate  is 
mixed  with  a  solution  of  a  barium  salt.  It  is  not  sensibly  soluble  in  water 
or  in  dilute  acids :  even  in  nitric  acid  it  is  almost  insoluble :  hot  oil  of 
vitriol  dissolves  a  little,  but  the  greater  part  separates  again  on  cooling. 
Barium  sulphate  is  now  produced  artificially  on  a  large  scale,  and  is  used 
as  a  substitute  for  white- lead  in  the  manufacture  of  oil-paints.  The  sul- 
phate to  be  used  for  this  purpose  is  precipitattni  from  very  dilute  solutions : 
it  is  known  in  commerce  as  blanc  Jixe,  Powdered  native  barium  sulphate, 
being  rather  crystalline,  has  not  sufficient  body.  For  the  production  of 
sulphate,  the  chloride  of  barium  is  first  prepared,  which  is  dissolved  in  a 
large  quantity  of  water,  and  then  precipitated  by  dilute  sulphuric  acid. 

The  Carbonate,  BaCO,,  is  found  native  as  vitherite,  and  may  be  formed 
artificially  by  precipitating  the  chloride  or  nitrate  with  an  alkaline  car- 

*  The  symbol  Aq.  (abbreviation  of  aqua)  ia  often  used  to  denote  water  of  crys- 
tallization. 
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IwnAe,  or  carbonate  of  ammonia.  It  ia  a  heavy,  white  powder,  very  spa- 
ringly soluble  in  water,  and  chiefly  useful  in  the  preparation  of  other 
barium  salts. 

Barium  Sulphides.— The  Monosulphide,  BaS,  is  obtained  in  the  man- 
ner already  described  (p.  329);  tiie  higher  sulphides  may  be  formed  by 
boiling  it  with  sulphur.  Barium  monosulphide  crystallizes  from  a  hot 
solution  in  thin,  nearly  colorless  plates,  wliich  contain  water,  and  are  not 
very  soluble  :  they  are  rapidly  altered  by  Uie  air.  A  strong  solution  of 
this  sulphide  may  be  employed,  as  already  described,  in  Uie  preparation 
of  barium  hydrate. 

Solutions  of  barium  hydrate,  nitrate,  and  cliloride,  are  constantly  kept 
in  the  laboratory  as  chemical  tests,  the  first  being  employed  to  eflect  the 
separation  of  carbonic  acid  from  certain  gaseous  mixtures,  and  the  two 
latter  to  precipitate  sulphuric  acid  from  solution. 

Soluble  barium  salts  are  poisonous,  which  is  not  the  case  with  those  of 
strontium.     For  their  reactions,  see  page  338. 


STRONTIUM. 

Atomic  weight,  87  6.   Symbol,  Sr. 

Thk  metal  strontium  may  be  obtained  from  its  oxide  by  means  similar 
to  those  described  in  the  case  of  barium  :  it  is  usually  described  as  a  white 
metal,  heavy,  oxidizaUe  in  the  air,  and  capable  of  decomposing  water  at 
common  temi)eratures.  Alatthiessen  states,  however,  that  it  has  a  dark- 
yellow  color,  and  specific  gravity  2.64.  He  prepares  it  by  filling  a  small 
crucible  having  a  porous  cell  with  anhydrous  strontium  chloride  mixed 
with  some  ammonium  cliloride,  so  that  the  level  of  the  fused  chloride  in 
the  cell  is  much  higher  than  in  the  crucible.  The  negative  pole  placed  in 
the  cell  consists  of  a  very  fine  iron  wire.  The  positive  pole  is  an  iron  cyl- 
inder placed  in  the  crucible  round  the  cell.  The  heat  is  regulated  so  that 
a  crust  forms  in  the  cell,  and  the  metal  collects  under  this  crust. 

Strontium  Monoxide,  or  Strontia,  SrO,  is  best  prepared  by  decomposing 
the  nitrate  with  aid  of  heat :  it  resembles  baryta  in  almost  every  particu- 
lar, forming,  like  that  substance,  a  white  hydrate,  soluble  in  water.  A 
hot  saturated  solution  deposits  crystals  on  cooling,  which  contain  SrHjOj. 
8Aq. :  heated  to  dull  redness  they  lose  the  whole  of  their  water,  anhydrous 
Btrontia  being  left.  The  hydrate  has  a  great  attraction  for  carbonic  acid. 
The  Dioxide,  SrO„  is  prepared  in  the  same  manner  as  barium  dioxide ;  it 
may  be  substituted  for  the  latter  in  making  hydrogen  dioxide. 

Tlie  native  carbonate  and  sulphate  of  strontium  serve  for  the  prcpara- 
tiofi  of  the  various  salts  by  means  exactly  similar  to  those  already  described 
in  the  case  of  barium  salts  :  they  have  a  very  feeble  degree  of  solubility 
in  water. 

Strontium  Chloride,  SrClj,  crystallizes  in  colorless  needles  or  prisms, 
which  are  slightly  deliquescent,  and  soluble  in  2  parts  of  cold  and  a  still 
smaller  quantity  of  boiling  water :  they  are  also  soluble  in  alcohol,  and 
the  solution,  when  kindled,  burns  with  a  crimson  flame.  The  crystals 
contain  6  molecules  of  water,  which  they  lose  by  heat :  at  a  higher  tem- 
perature the  chloride  fuses. 

Strontium  Nitrate,  Sr(NOj,),,  crystallizes  in  anhydrous  octohedrons,  which 
require  for  solution  5  parts  of  cold  and  about  half  their  weight  of  boiling 
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water.     It  is  principally  of  value  to  the  pyrotechnist,  who  employs  4  in 
the  composition  of  the  well-known  **  red  fire."* 

The  special  phenomena  exhibited  by  strontium  compounds  are  mentioned 
on  page  88. 


CALCIUBC 

Atomic  weight,  40.    Symbol,  Ca. 


Calciuu  is  one  of  the  most  abundant  and  widely  diffused  of  the  metals, 
though  it  is  never  found  in  the  free  state.  As  carbonate,  it  occurs  in  a 
great  variety  of  forms,  constituting,  as  limestone,  entire  mountain  ranges. 
Calcium  was  obtained  in  an  impure  state  by  Davy,  by  means  similar  to 
those  adopted  for  the  preparation  of  barium.  Matthiessen  prepares  the 
pure  metal  by  fusing  a  mixture  of  two  molecules  of  calcium  chloride  and 
one  of  strontium  chloride  with  some  chloride  of  ammonium  in  a  small  por- 
celain crucible,  in  which  an  iron  cylinder  is  placed  as  positive  pole,  and  a 
pointed  iron  wire  or  a  little  rod  of  carbon  connected  with  the  zinc  of  the 
battery  is  made  to  touch  the  surface  of  the  liquid.  The  reduced  metal 
fuses  and  drops  off  from  the  point  of  the  iron  wire,  and  the  bead  is  removed 
from  the  liquid  by  a  small  iron  spatula.  Lies-Bodart  and  Gobin  prepare 
calcium  by  igniting  the  iodide  with  an  equivalent  quantity  of  sodium  in 
an  iron  crucible  having  its  lid  screwed  down. 

Calcium  is  a  light  yellow  metal  of  sp.  gr.  1.5778.  It  is  about  as  hard 
as  gold,  very  ductile,  and  may  be  cut,  filed,  or  hammered  out  into  plates 
as  thin  as  the  finest  paper.  It  tarnishes  slowly  in  dry,  more  quickly  in 
damp  air,  decomposes  water  quickly,  and  is  still  more  rapidly  acted  upon 
by  dilute  acids.  Heated  on  platinum  foil  over  a  spirit-lamp,  it  burns  with 
a  bright  flash  ;  with  a  brilliant  light  also  when  heated  in  oxygen  or  chlo- 
rine gas,  or  in  vapor  of  bromine,  iodine,  or  sulphur. 

Calcitim  Chloride,  CaClj,  is  usually  prepared  by  dissolving  marble  in 
hydrochloric  acid ;  it  is  also  a  by-product  in  several  chemical  manufac- 
tures. The  salt  separates  from  a  strong  solution  in  colorless,  prismatic,  and 
exceedingly  deliquescent  crystals,  which  contain  6  molecules  of  water. 
By  heat  this  water  is  expelled,  and  by  a  temperature  of  strong  ignition 
the  salt  is  fused.  The  crystals  reduced  to  powder  are  employed  in  the 
production  of  artificial  cold  by  being  mixed  with  snow  or  powdered  ice ; 
and  the  chloride,  strongly  dried,  or  in  the  fused  state,  is  of  great  use  in 
desiccating  gases,  for  which  purpose  the  latter  are  slowly  transmitted 
through  tubes  filled  with  fragments  of  the  salt.  Calcium  chloride  is  also 
freely  soluble  in  alcohol,  which,  when  anhydrous,  forms  with  it  a  definite 
crystallizable  compound. 

Calcium  Flnoride,  Flnor-Spar,  CaF,. — ^This  substance  is  important 
as  the  most  abundant  natural  source  of  hydrofluoric  acid  and  the  other 
fluorides.     It  occurs  beautifully  crystallized,  of  various  colors,  in  lead- 

*  Hkd  Firb  :  Orfllns.  '  G-reeit  Ttkr  i  Orntni. 

Drv  Btrontium  nitrate     .       .    ^00     i     Dry  bnrium  nitrate      .       .       .460 

Sulphur 225      I      Sulphur 150 

Potassium  chlorate  .       .       .    200     i     Potaasium  chlorate     ...    100 
Lampblack 50      '      Lampblack S3 

The  ■trontium  or  bnrium -salt,  the  sulphur,  and'  the  lampblack,  must  be  finely 
powdered  and  intimntoly  mixed,  after  which  the  potassium  clilorate  should  tie 
added  in  rather  coirae  powder,  and  mixed,  without  much  rubbinpr,  with  the  other 
la^^redienti.    The  red  flro  composition  has  been  known  to  ignite  spontaneously. 
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reins,  the  crystals  having  commonly  the  cuhic,  but  sometimes  the  octohe- 
dral  form,  parallel  to  the  facea  of  which  latter  figure  they  always  cleave. 
Some  varieties,  when  heated,  emit  a  greenish,  and  some  a  purple  phospho- 
rescent light.  The  iiucride  is  quite  insoluble  in  water,  and  is  decomposed 
by  oil  of  vitriol  in  the  manner  already  mentioned  (p.  189). 

Calolum  Oxides. — ^The  Monoxide  or  LimCy  CaO,  may  be  obtained  in  a 
state  of  considerable  purity  by  heating  to  full  redness  for  some  time  frag- 
ments of  the  black  bituminous  marble  of  Derbyshire  or  Kilkenny.  If  re- 
quired absolutely  pure,  it  must  be  made  by  igniting  to  whiteness,  in  a 
platinum  crucible,  an  artificial  calcium  carbonate,  prepared  by  precipitat- 
ing tho  nitrate  witii  ammonia  carbonate.  Lime  in  an  impure  state  is  pre- 
pared for  building  and  agricultural  purposes  by  calcining,  in  a  kiln  of 
suitable  construction,  the  ordinary  limestones  which  abound  in  many  dis- 
tricts ;  a  red  lieat,  continued  for  some  hours,  is  sufficient  to  disengage  tho 
whole  of  the  carbonic  acid.  In  tlie  Ix^t  contrived  lime-kilns  the  process 
is  carried  on  continuously,  broken  limestone  and  fu(4  being  constantly 
thrown  in  at  the  top,  and  the  burned  lime  raked  out  at  intervals  from 
beneath.  Sometimes,  when  the  limestone  contains  silica,  and  tlie  heat 
has  been  very  high,  the  lime  refuses  to  slake,  <and  is  said  to  be  over-burned; 
in  this  case  a  portion  of  silicate  has  Ix^en  formed. 

Pure  lime  is  white,  and  often  of  considerable  hardness :  ic  is  quite  in- 
fusible, and  phosphoresces,  or  emits  a  pale  light  at  a  high  temperature. 
When  moistened  with  water,  it  slakes  with  great  violence,  evolving  heat, 
and  crumbling  to  a  soft,  white,  bulky  powder,  which  is  a  hydrate  con- 
taining a  single  mohnjule  of  water:  the  latter  can  be  again  expelled  by  a 
red  heat.  This  hydrate  or  hydroxide,  CalljO,  or  CaO.  11,0,  is  soluble  in 
water,  but  far  less  so  than  either  the  hydrate  of  barium  or  of  strontium, 
and,  what  is  very  remarkable,  the  colder  the  water,  the  larger  is  the 
quantity  of  the  compound  that  is  taken  up.  A  pint  of  water  at  15. 50  C. 
(GOO  F.)  dissolves  about  11  grains,  while  at  101)0  c.  (2120  F.)  only  7 
grains  are  retained  in  solution.  The  hydrate  has  been  obtained  in  thin 
delicate  crystals  by  slow  evaporation  under  the  air-pump.  Lime-water  is 
always  prepared  for  chemical  and  pharmaceutical  purposes  by  agitating 
cold  water  with  excess  of  calcium  hydrate  in  a  closely-stopped  vessel,  and 
then,  after  subsidence,  pouring  off  the  clear  liquid,  and  adding  a  fresh 
quantity  of  water,  for  another  operation  :  there  is  not  the  least  occasion 
for  filtering  the  solution.  Lime-water  has  a  strong  alkaline  reaction,  a 
nauseous  taste,  and  when  expose<i  to  the  air  becomes  almost  instantly 
covered  with  a  pellicle  of  carbonate,  by  absorption  of  carbonic  acid.  It 
is  used,  like  baryta-water,  as  a  test  for  carbonic  acid,  and  also  in  medi- 
cine. Lime-water  prepared  from  some  varieties  of  limestone  may  contain 
potash. 

The  hardening  of  mortars  and  cements  is  in  a  great  measure  due  to  the 
gradual  absorption  of  carbonic  acid  ;  but  even  after  a  very  great  length  of 
time,,  this  conversion  into  carbonate  is  not  complete.  Mortar  is  known, 
under  favorable  circumstances,  to  acquire  extreme  hardness  with  age. 
Lime  cements  which  resist  the  action  of  water  contain  iron  oxides,  silica, 
and  alumina:  they  require  to  be  carefully  prepared,  and  the  stone  not 
over-heated.  When  they  are  ground  to  jwwder  and  mixed  with  water, 
solidification  speedily  ensues,  from  causes  not  y<»t  thoroughly  understood, 
and  the  cement,  once  in  this  condition,  is  unaflected  by  wet.  Parker's  or 
Roman  cement  is  made  in  this  manner  from  tho  nodular  masses  of  calcareo- 
argillaceous  ironstone  found  in  the  London  clay. 

Lime  is  of  great  importance  in  agriculture :  it  is  found  more  or  less  in 
every  fertile  soil,  and  is  often  very  advantageously  added  by  the  cultivator. 
The  decay  of  vegetable  fibre  in  the  soil  is  thereby  promoted,  and  other 
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important  objects,  as  the  destruction  of  certain  hnrtfal  compounds  of  iron 
in  marsh  and  peat  land,  are  often  attained.  The  addition  of  lime  probably 
serves  likewise  to  liberate  potassium  from  the  insoluble  silicate  of  that 
base  contained  in  the  soil. 

Calcium  Dioxide,  CaO,,  is  said  to  resemble  barium  dioxide,  and  to  be  ob- 
tainable bj  treating  lime  with  hydrogen  dioxide. 

Calcimn  Sulphate,  CaSO^. — Crystalline  native  calcium  sulphate,  con- 
taining two  molecules  of  water,  is  found  in  considerable  abundance  in 
some  localities  as  gypsum:  it  is  often  associated  with  rock-salt.  When 
regularly  crystallized,  it  is  termed  selenite.  Anhydrous  calcium  sulphate 
is  also  occasionally  met  with.  The  salt  is  formed  by  precipitation,  when 
a  moderately  concentrated  solution  of  calcium  chloride  is  mixed  with  sul- 
phuric acid.  Calcium  sulphate  is  soluble  in  about  500  parts  of  cold  water, 
and  its  solubility  is  a  little  increased  by  heat.  It  is  more  soluble  in  water 
containing  ammonium  chloride  or  potassium  nitrate.  The  solution  is  pre- 
cipitated by  alcohol.  Gypsum,  or  native  hydrated  calcium  sulphate,  is 
largely  employed  for  the  purpose  of  making  casts  of  statues  and  medals, 
also  for  moulds  in  the  porcelain  and  earthenware  manufactures,  and  for 
other  applications.  It  is  exposed  to  heat  in  an  oven  where  the  tempera- 
ture does  not  exceed  127^  C.  (2G0.GO  F.),  by  which  the  water  of  crystal- 
lization is  expelled,  and  it  is  afterwards  reduced  to  a  fine  powder.  When 
mixed  with  water,  it  solidifies  after  a  short  time,  from  the  re-formation  of 
the  same  hydrate  ;  but  this  effect  does  not  happen  if  the  gypsum  lias  been 
over-heated.  It  is  often  called  Plaster  of  Paris.  Artificial  colored  mar- 
bles, or  scagliolay  are  frequently  prepared  by  inserting  pieces  of  natural 
stone  in  a  soft  stucco  containing  this  substance,  and  polishing  the  surface 
when  the  cement  has  become  hard.  Calcium  sulphate  is  one  of  the  most 
common  impurities  of  spring  water. 

The  peculiar  property  water  acquires  by  the  presence  of  calcium  salts  is 
termed  hardness.  It  manifests  itself  by  the  efi'ect  such  waters  have  upon 
the  palate,  and  particularly  by  its  peculiar  behavior  with  soap.  Hard 
wa*er  yields  a  lather  with  soap  only  after  the  whole  of  the  calcium  salts 
have  been  thrown  down  from  the  water  in  the  form  of  an  insoluble  lime- 
soap.  Upon  this  principle  Clark's  soap-test  for  the  hardness  of  water  is 
based.  The  hardness  produced  by  calcium  sulphate  is  called  permanent 
hardness,  since  it  cannot  be  remedied. 

Calcium  Carbonate,  Clialk;  Limestone;  Marble,  CaCOj. — Calcium  car- 
bonate, often  more  or  less  contaminated  with  iron  oxide,  clay,  and  organic 
matter,  forms  rocky  beds,  of  immense  extent  and  thickness,  in  almost 
every  part  of  the  world.  These  present  the  greatest  diversities  of  texture 
and  appearance,  arising,  in  a  great  measure,  from  changes  to  which  they 
have  been  subjected  since  their  deposition.  The  most  ancient  and  highly 
crystalline  limestones  are  destitute  of  visible  organic  remains,  while  those 
of  more  recent  origin  are  often  entirely  made  up  of  the  shelly  exuviie  of 
once  living  beings.  Sometimes  these  latter  are  of  such  a  nature  as  to 
show  that  the  animals  inhabited  fresh  water ;  marine  species  and  corals 
are,  however,  most  abundant.  Cavities  in  limestone  and  other  rocks  are 
very  often  lined  with  magnificent  crystals  of  calcium  carbonate  or  calcare- 
ous spar,  which  have  evidently  been  slowly  deposited  from  a  watery  solu- 
tion. Calcium  carlx)nate  is  always  precipitated  when  an  alkaline  carbonate 
is  mixed  with  a  solution  of  that  base. 

Although  this  substance  is  not  sensibly  soluble  in  pure  water,  it  is  freely 
taken  up  when  carbonic  acid  happens  at  the  same  time  to  be  present.  If 
a  little  lime-water  be  poured  into  a  vessel  of  that  gas,  the  turbidity  first 
produced  disappears  on  agitation,  and  a  transparent  solution  of  calcium 
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carbonate  in  excess  of  carbonic  acid  is  obtained.  This  solution  is  decom- 
posed completely  by  boiling,  the  carbonic  acid  being  expelled,  and  the 
carbonate  precipitated.  Since  all  natural  waters  contain  dissolved  car- 
bonic acid,  it  is  to  be  expected  that  calcium  in  this  state  should  be  of  very 
common  occurrence ;  and  such  is  really  found  to  be  the  fact,  river,  and 
more  especially  spring  water,  almost  invariably  contaiiyng  calcium  car- 
bonate thus  dissolved.  In  limestone  districts,  this  is  often  the  case  to  a 
great  extent.  The  harciess  of  water,  which  is  owing  to  the  presence  of 
calcium  carbonate,  is  called  temporary^  since  it  is  diminished  to  a  very  con- 
siderable extent  by  boiling,  and  may  be  nearly  removed  by  mixing  the 
hard  water  with  lime-water,  when  both  the  dissolved  carbonate  and  the 
dissolved  lime,  which  thus  becomes  carbonated,  are  precipitated.  Upon 
this  principle,  Dr.  Clark's  process  of  softening  water  is  based.  This  pio- 
cess  is  of  considerable  importance,  since  a  supply  of  hard  water  to  towns 
is  in  many  respects  a  source  of  great  inconvenience.  As  already  menticntd, 
the  use  of  such  water,  for  the  purposes  of  washing,  is  attended  with  a 
great  loss  of  soap.  Boilers,  in  which  such  water  is  heated,  speedily  be- 
come lined  with  a  thick  stony  incrustation.*  The  beautiful  stalactitic 
incrustations  of  limestone  caverns,  and  the  deposit  of  calc  sinter  or  tra- 
vertin upon  various  objects,  and  upon  the  ground,  in  many  places,  are 
explained  by  the  solubility  of  calcium  carbonate  in  water  containing  car- 
bonic acid. 

Crystallized  calcium  carbonate  is  dimorphous  ;  calc-spar  and  arragonite 
although  possessing  exactly  the  same  chemical  composition,  have  diLennt 
crystalline  forms,  different  densities,  and  different  optical  properties.  Rose 
has  observed  that  calcium  carbonate  appears  in  the  Icim  of  calc-spar  when 
deposited  from  its  solution  in  water  containing  carbonic  acid  at  the  ordi- 
nary temperature.  At  90O  C.  {194P  F.),  and  on  ebullition,  however,  it  is 
chiefly  deposited  in  the  form  of  arragonite ;  at  lower  temperatures,  the 
formation  of  arragonite  decreases,  whilst  that  of  calc-spar  increases,  the 
limit  for  the  formation  of  the  former  variety  being  between  3CO  and  50O 
C.  (8GO  and  122©  F.). 

CalcHspar  occurs  very  abundantly  in  crystals  derived  frcm  an  obtuse 
rhombohedron,  whose  angles  measure  105^  5'  and  149  65':  its  density 
varies  from  2.5  to  2.8.  The  rarer  variety,  or  arragonite,  is  found  in  crys- 
tals whose  primary  form  is  a  right  rhombic  prism,  a  figure  having  no  geo- 
metrical relation  to  the  preceding  :  it  is,  besides,  heavier  and  harder. 

Calcinxn  Phosphates. — A  number  of  distinct  calcium  salts  of  phos- 
phoric acid  are  known.  Two  tribasic  phosjyhates  or  orthophospltatesj  Ca^Cl  0^) , 
andCaH(P04),  are  produced  when  the  corresponding  sodium  ealts  are  addtd 
in  solution  t«  calcium  chloride ;  the  first  is  slightly  crystalline,  and  the 
Bea)nd  gelatinous.  When  the  first  phosphate  is  digested  with  ammonia, 
or  dissolved  in  acid  and  re-precipitated  by  that  alkali,  it  is  converted  into 
the  second.  The  earth  of  bones  consists  principally  of  what  appears  to 
be  a  combination  of  these  two  salts.  Another  orthophosphate,  Call4(r04)j, 
is  formed  by  dissolving  either  of  the  preceding  in  phosphoric,  hydrochlo- 
ric, or  nitric  acid,  and  evaporating  until  the  salt  separates,  on  cooling,  in 
small  platy  crystals.  It  is  the  substance  which  yields  phosphorus  y^hvn 
heated  with  charcoal,  in  the  ordinary  process  of  manufacture  before  de- 
scribed.    Pyrophosphates  and  Melaphosphatcs  of  calcium  also  exist.     These 

*  Many  proposals  have  been  made  to  prevent  the  formation  of  boiler  depoBlts. 
The  roo«t  efficient  appenrB  to  be  the  method  of  Dr.  Rltterband,  whiclv  conBlsts  in 
throwins;  into  the  boiler  a  small  quantity  of  sal-ammoniac,  whereby  carbonate  of 
ammonia  Is  formed,  w^ch  is  volatilized  with  the  steam,  calcium  chloride  remain- 
ing in  solution.  It  need  scarcely  be  mentioned  that  this  plan  is  inapplicable  in 
the  case  of  permanently  hard  waters. 
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phosphates,  althoTigh  insoluble  in  water,  dissolve  readily  in  dilate  acids, 
even  in  acetic  acid.     The  mineral  apatite  is  chiefly  calcium  phosphate. 

Chloride  of  Lime ;  Bleaching  Powder. — ^When  calcium  hydrate, 
very  nliglitly  moist,  is  exposed  to  chlorine  gas,  the  latter  is  readily  ab- 
sorbed, and  a  compound  produced  which  is  the  bleaching  powder  of  com- 
merce, and  is  now  used  on  an  immense  scale,  for  bleaching  linen  and 
cotton  goods.  It  is  requisite,  in  preparing  this  substance,  to  avoid  all  ele- 
vation of  temperature,  which  may  be  easily  done  by  supplying  the  chlo- 
rine slowly  in  the  first  instance.  The  product,  when  freshly  and  w«»ll 
prepared,  is  a  soft,  white  powder,  which  attracts  moisture  from  the  air, 
and  exhales  an  odor  sensibly  different  from  that  of  chlorine.  It  is  soluble 
in  about  10  parts  of  water,  the  unaltered  hydrate  being  left  behind  :  the 
solution  is  highly  alkaline,  and  bleaches  feebly.  When  calcium  hydrate 
is  suspended  in  cold  water,  and  chlorine  gas  transmitted  through  the  mix- 
ture, the  lime  is  gradually  dissolved,  and  the  same  peculiar  bleaching 
compound  produced  :  the  alkalies,  also,  either  caustic  or  carbonated,  may, 
by  similar  means,  be  made  to  absorb  a  large  quantity  of  chlorine,  and  give 
rise  to  corresponding  compounds;  such  are  the  ** disinfecting  solutions" 
of  Labarraque. 

The  composition  of  bleaching  powder  is  represented  by  the  formula 
CaOCl,,  and  it  was  formerly  supposed  to  be  a  direct  compound  of  lime  with 
chlorine.  This  view,  however,  is  not  consistent  with  its  reactions,  for 
when  distilled  with  dilute  nitric  acid,  it  readily  yields  a  distillate  of  aque- 
ous hypochlorous  acid,  and  when  treated  with  water  it  is  resolved  into 
cliloride  and  hypochlorite  of  calcium,  the  latter  of  which  may  be  separated 
in  crystals  by  exposing  the  filtered  solution  to  a  freezing  mixture,  or  by 
evaporating  it  in  a  vacuum  over  oil  of  vitriol,  and  leaving  the  dense  frozen 
mass  to  thaw  upon  a  filter.  A  solution  of  calcium  chloride  mixed  with 
hypochlorite  then  passes  through,  and  feathery  crystals  remain  on  the 
filter,  very  unstable,  but  consisting,  when  recently  prepared,  of  hydrated 
calcium  hypochlorite,  Ca(OCl)2.4H,0.*  These  results  seem  at  fii*st  sight  to 
show  that  the  bleaching  powder  is  a  mixture  o(  chloride  and  hypoclilorite 
of  calcium,  formed  according  to  the  equation, 

2CaO  4-  Cl^  =  CaGlg  -f-  CaCl,0, ; 

but  if  this  were  its  true  constitution,  the  powder,  when  digested  with  alco- 
hol, ought  to  yield  a  solution  of  calcium  chloride  containing  half  the  chlorine 
of  the  original  compound,  which  is  not  the  case.     Its  constitution  is  there- 
Pi 
fore  better  represented  by  the  formula  Ca<^y:L   suggested  by  Dr.  Odling, 

this  molecule  being  decomposed  by  water  into  chloride  and  hyjwchlorito 
in  the  manner  just  explained,  and  yielding,  with  dilute  nitric  or  sulphu- 
ric acid,  a  distillate  containing  hydrochloric  and  hypochlorous  acids  : — 

CaCl(OCl)  4-  2HN0,  =  CaCNOj),  4-  HCl  +  HCIO. 

When  the  temperature  of  the  calcium  hydrate  has  risen  during  the  ab- 
sorption of  the  chlorine,  or  when  the  compound  has  been  subsequently 
exposed  to  heat,  its  bleaching  properties  are  impaired  or  altogether  de- 
stroyed: it  then  contains  chlorate  and  chloride  of  calcium;  oxygen,  in 
variable  quantity,  is  usually  set  free.  The  same  change  seems  to  ensue 
by  long  keeping,  even  at  the  common  temperature  of  the  air.  In  an  open 
vessel  the. compound  is  speedily  decomposed  by  the  carbonic  acid  of  the 

air.     Commercial  bleaching  powder  thus  constantly  varies  in  value  with 

• 

*  Kingzctt,  Cbem.  Soc.  Journ.  1875,  p.  404. 
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ita  age,  and  with  the  care  originally  bestowed  upon  its  preparation :  the 
best  may  contain  about  30  per  cent,  of  available  chlorine,  easily  liberated 
by  an  acid,  which  is,  however,  far  short  of  the  theoretical  quantity. 

The  general  method  in  which  this  substance  is  employed  for  bleaching 
is  the  following :  The  goods  are  first  immersed  in  a  dilute  solution  of  chlo- 
ride of  lime,  and  then  transferre<l  to  a  vat  containing  dilute  sulphuric  acid. 
Decomposition  ensues ;  the  calcium  both  of  the  hypochlorite  and  of  the 
chloride  is  converted  into  sulphate,  while  the  free  hypochlorous  and  hydro- 
chloric acids  yield  water  and  free  chlorine  : — 

CaCljO,  +  GaCl,  +  2H,S0,  =  2CaS04  +  2HC10  +  2HC1, 
and  liao  -f  HCl  =  H,0  -f  CI,. 

The  chlorine  thus  disengaged  in  contact  with  the  cloth  causes  destruction 
of  the  coloring  matter.  The  process  is  repeated  several  times,  since  it  is 
unsafe  to  use  strong  solutions. 

On  the  same  principle,  white  patterns  are  imprinted  upon  colored  cloth, 
the  figures  being  stamped  with  tartaric  acid  thickened  with  gum-water, 
and  then  the  stuff  immersed  in  the  chlorine  bath,  when  the  parts  to  which 
no  acid  has  been  applied  remain  unaltered,  while  the  printed  portions  are 
bleached. 

For  purifying  an  offensive  or  infectious  atmosphere,  as  an  aid  to  proper  ven- 
iilaiion,  the  bleaching  powder  is  very  convenient.  The  solution  is  exposed 
in  shallow  vessels,  or  cloths  steeped  in  it  are  suspended  in  the  apartment, 
when  the  carbonic  acid  of  the  air  slowly  decomposes  it  in  the  manner 
above  described.  Addition  of  a  strong  acid  causes  rapid  disengagement 
of  chlorine. 

The  value  of  any  sample  of  bleaching  powder  may  be  easily  determined 
by  the  following  method,  in  which  the  feebly  combined  chlorine  is  esti- 
mated by  its  effect  in  oxidizing  a  ferrous  salt  to  ferric  salt,  2  molecules  of 
ferrous  oxide,  FeO,  requiring  for  this  puri)ose  2  atoms  of  chlorine  :  the  lat- 
ter acts  by  decomposing  water  and  liberating  a  corresponding  quantity  of 
oxygen.  78  (more  correctly  78.16)  grains  of  green  ferrous  sulphate  are 
dissolved  in  about  two  ounces  of  water,  and  acidulated  with  a  few  drops 
of  sulphuric  or  hydrochloric  acid  :  this  quantity  will  require  for  oxidation 
10  grains  of  chlorine.  Fifty  grains  of  the  chloride  of  lime  to  be  examined 
are  next  rubbed  up  with  a  little  tepid  water,  and  the  whole  transferred  to 
a  burette  (p.  310),  which  is  then  filled  up  to  0  with  water,  after  which  the 
contents  are  well  mixed  by  agitation.  The  liquid  is  next  gradually  poured 
into  the  solution  of  iron,  with  constant  stirring,  until  all  the  iron  is 
brought  to  the  state  of  ferric  salt,  which  may  be  known  by  a  drop  ceasing 
to  give  a  deejy-blue  precipitate  with  potassium  ferricyanide.  The  number 
of  grain-measures  of  the  chloride  solution  employed  may  then  be  read  off: 
since  these  must  contain  10  grains  of  serviceable  chlorine,  the  quantity 
of  the  latter  in  the  50  grains  may  be  easily  reckoned.  Thus,  suppose  72 
such  measures  have  been  taken  ;  then 

Measures.       Ors.  Chlorine.       Measures.       Ors.  Chlorine. 
72        :  10        «         100        :        13.89 

The  bleaching  powder  contains  therefore  27.78  per  cent.* 

Calcium  Sulphides. — ^The  monosulphide,  CaS,  is  obtained  by  reducing 
the  sulphate  at  a  high  temperature  with  charcoal  or  hydrogen  :  it  is  nearly 
colorless,  and  but  little  soluble  in  water.     By  boiling  together  calcium 

»  Grah/tm^s  Elements,  vol.  1.  p.  6P3.    For  other  methods  sec  Watts»s  Dictionary 
of  Chemtstry,  i.  p.  904. 
29 
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hydrate,  water,  and  flowers  of  sulphur,  a  red  solution  is  obtained,  which, 
on  cooling,  deposits  crystals  of  the  bisulphide,  CaS„  containing  water. 
When  the  sulphur  is  in  excess,  and  the  boiling  long  continued,  a  penta- 
sulphide  is  generated :  thiosulphurio  acid  is  formed  as  usual  during  these 
reactions  : 

3CaO  +88  =  2CaS2  +  CaS^O,. 

When  the  yellow  solution  obtained  by  boiling  lime  with  excess  of  sul- 
phur is  poured  into  an  excess  of  hydrochloric  acid,  sulphur  is  precipitated 
together  with  a  yellow  oily  liquid,  which  is  hydrogen  persulphide  (p.  201)  ; 
but  if  the  acid  be  poured  into  the  solution  of  calcium  sulphide,  gaseous 
hydrogen  sulphide  is  given  oflf,  and  the  whole  precipitate  formed  oonsista 
wholly  of  finely  divided  sulphur,  the  sulphur  pracipitatum  of  the  Pharma- 
copoeia. If  dilute  sulphuric  acid  is  used,  the  precipitate  also  contains 
gypsum. 

Calcium  Phosphide. — ^When  vapor  of  phosphorus  is  passed  over  frag- 
ments of  lime  heated  to  redness  in  a  porcelain  crucible,  a  chooolate-brown 
compound,  the  so-called  pkosphuret  of  limey  is  produced.  This  substance  is 
probably  a  mixture  of  calcium  phosphide  and  phosphate.  When  thrown 
into  water  it  yields  spontaneously  indammable  hydrogen  phosphide.  Ac- 
cording to  Paul  Th6nard,  the  calcium  phosphide  in  this  compound  has  the 
composition  PjCa,.  In  contact  with  water  it  yields  liquid  hydrogen  phos- 
phide, P2H4  (p.  218). 

P,Ca,  +  2H,0  =  2CaO  +  P^H, : 

and  the  greater  portion  of  this  liquid  phosphide  is  immediately  decom- 
posed into  solid  and  gaseous  hydrogen  phosphide  :  5P,H4  =  1*4^8+  6PH,. 


Reactions  of  the  Alkaline  Earth-metals  in  solution. — Barium,  strontium,  and 
calcium  are  thus  distinguished  from  all  other  substances,  and  from  each 

Caustic  Pbiashy  when  free  from  carbonate,  and  caustic  ammonia^  occasion 
no  precipitates  in  dilute  solutions  of  the  alkaline  earths,  especially  of  the 
first  two,  the  hydrates  being  soluble  in  water. 

Alkaline  carbonates^  and  carbonate  of  ammonium,  give  white  precipitates, 
insoluble  in  excess  of  the  precitant,  with  all  three. 

Sulphuric  acid,  or  a  sulphate,  added  to  very  dilute  solutions  of  the  salts 
of  these  metals,  gives  an  immediate  white  precipitate  with  barium  salts  ; 
a  similar  precipitate  after  a  short  interval  with  strontium  salts  ;  and  occa- 
sions no  change  with  calcium  salts.  The  precipitates  with  barium  and 
strontium  salts  are  insoluble  in  nitric  acid. 

Solution  of  calcium  sulphate  gives  an  instantaneous  cloud  with  barium 
salts   and  one  with  strontium  salte  after  a  little  time. 

Strontium  sulphate  is  itself  sufficiently  soluble  to  occasion  turbidity  when 
mixed  with  barium  chloride. 

Lastly,  the  soluble  oxalates  give,  in  the  most  dilute  solutions  of  calcium 
salts,  a  white  precipitate,  which  is  not  dissolved  by  a  drop  or  two  of  hy- 
drochloric, or  by  an  excess  of  acetic  acid.  This  is  an  exceedingly  charac- 
teristic test. 

Tlie  dilorides  of  strontium  and  calcium,  dissolved  in  alcohol,  color  the  flame 
of  the  latter  red  or  purple  :   bariuin  salts  communicate  to  the  flame  a  pale 

green  tint. 

SiliiHt/luoric  acid  gives  a  white  precipitate  with  barium  salts,  none  with 

salts  of  strontium  or  calcium. 
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APPENDIX   TO  GROUP  I. 

METALS  OF  THE  EARTHS. 

The  metals  belonging  to  this  group  are  beryllium,  yttrium,  erbium,  lan- 
thanum, didymium,  cerium,  aluminium,  zirconium,  and  thorinum.  Beryl- 
lium is  a  dyad ;  yttrium,  erbium,  lanthanum,  didymium,  and  cerium  (in 
the  oerous  compounds),  have  hitherto  been  regarded  as  dyads  ;  but  recent 
observations  have  shown  that  they  are  more  probably  triads.  Aluminium 
is  also  a  triad  ;  zirconium  and  thorinum  are  tetrads.  All  these  metals 
form  oxides  of  earthy  character. 


ALUMINIUM. 

Atomic  weight,  27.4.    Symbol,  AL 


This  metal  occurs  very  abundantly  in  nature  in  the  state  of  silicate,  as 
in  felspar  and  its  associated  minerals  ;  also  in  the  varies  modifications  of 
olay  thence  derived.  It  was  first  isolated  by  Wohler,  who  obtained  it  as 
a  gray  powder  by  decomposing  aluminium  chloride  with  potassium ;  and 
H.  Sainte-Claire  Deville,  by  an  improved  process  founded  on  the  same 
principle,  has  succeeded  in  obtaining  it  in  the  compact  form  and  on  the 
manufacturing  scale.  The  process  consists  in  decomposing  the  double 
chloride  of  aluminium  and  sodium,  AlCls.NaCl,  by  heating  it  with  metallic 
sodium,  fluor-spar  or  cryolite  being  added  as  a  flux.  The  reduction  is 
eff'ected  in  crucibles,  or  on  the  large  scale  on  the  hearth  of  a  reverberatory 
furnace.  Sodium  is  used  as  the  reducing  agent  in  preference  to  potassium : 
first,  because  it  is  more  easily  prepared  ;  and,  secondly,  because  it  has  a 
lower  atomic  weight,  and,  consequently,  a  smaller  quantity  of  it  suffices 
to  do  the  same  amount  of  chemical  work. 

Aluminium  is  also  prepared  directly  from  cryolite  by  reduction  with 
sodium,  but  the  metal  thus  obtained  is  said  to  be  more  contaminated  with 
iron  and  silicum  than  that  prepared  by  Deville's  process. 

Aluminium  is  remarkable  for  its  low  specific  gravity,  which  is  2.6 :  it  is 
nearly  as  white  as  silver,  and  is  capable  of  assuming  a  high  polish.  It  is 
employed  in  the  manufacture  of  delicate  apparatus  and  ornamental  articles. 
Some  of  the  alloys  of  aluminium  promise  to  become  more  generally  appli- 
cable, more  especially  the  alloy  with  copper,  which  is  remarkable  for  being 
similar  in  appearance  to  gold  :  this  alloy  is  found  in  commerce  under  the 
name  of  aluminium  bronze. 

Aluminium  forms  only  one  class  of  compound*!,  in  which  it  is  trivalent, 
one  atom  of  the  metal  being  equivalent  to  three  atoms  of  hydrogen  ;  thus 
the  chloride  is  AlCl,,  the  oxide,  AlgOj,  etc 

AlaminiTun  Chloride,  AICI3. — ^This  compound  is  obtained  in  solution 
by  dissolving  alumina  or  aluminium  hydrate  in  hydrochloric  acid ;  but 
the  solution,  when  evaporated,  gives  off  hydrochloric  acid  and  leaves 
alumina.  The  anhydrous  cliloride  may  be  prepared  by  heating  a  mixture 
of  alumina  and  finely  divided  carbon  in  chlorine  gas. 

Pure  precipitated  alumina  is  dried  and  mixed  with  oil  and  lampblack, 
and  the  mixture,  after  being  strongly  calcined  in  a  covered  crucible,  is 
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introduced  into  a  porcelain  tube  or  tubulated  earthen  retort  placed  in  a 
furnace,  and  connected  at  one  end  with  an  apparatus  for  evolving  chlo- 
rine, and  at  the  other  with  a  dry  receiver.  On  raising  the  heat  to  bright 
redness y  and  passing  chlorine  through  the  apparatus,  aluminium  chloride 
distils  over,  together  with  carbon  monoxide,  and  condenses  as  a  solid  mass 
in  the  receiver  : — 

AljOj  +  Cg  +  Cle  =  2AlCla  +  3C0 . 

Aluminium  chloride  is  a  transparent,  waxy  substance,  having  a  crys- 
talline structure,  colorless  when  pure,  but  generally  exhibiting  a  yellow 
color,  due,  perhaps,  to  the  presence  of  iron.  It  boils  at  about  18(P,  fumc^ 
in  the  air,  and  smells  of  hydrochloric  acid.  It  is  very  deliquescent,  and 
dissolves  readily  in  water  ;  the  solution  when  left  to  evaporate  yields  the 
hydrated  chloride,  AlCls.6U,0,  in  six-sided  prisms,  which  when  heated 
are  resolved  into  alumina  and  liydrochloric  acid. 

Aluminium  and  Sodium  Cldoridef  AlClj.NaCl,  is  obtained  by  melting 
together  the  component  chlorides  in  proper  proportions,  or  by  stdding  the 
requisite  quantity  of  sodium  chloride  to  the  mixture  of  alumina  and  char- 
coal used  for  the  preparation  of  aluminium  chloride,  igniting  the  mass  in 
chlorine  or  hydrochloric  acid,  and  condensing  the  vapor  in  a  receiver.  It 
is  a  crystalline  mass,  less  deliquescent  than  aluminium  chloride,  and, 
therefore,  more  convenient  for  the  preparation  of  aluminium. 

Alaminium  Fluoride,  AIF3,  ^^  produced  by  the  action  of  gaseous  silicon 
fluoride  on  aluminium,  and  forms  cubic  crystals,  volatilizing  at  a  red  heat, 
insoluble  in  water,  and  resisting  the  action  of  all  acids. 

Aluminium  and  Sodium  Fluoride^  AlFj.SNaF,  occurs  abundantly  as  cryo- 
lite, at  Kvigtok  in  Greenland,  and  is  prepared  artificially  by  pouring  hy- 
drofluoric acid  in  excess  on  a  mixture  of  calcined  alumina  and  sodium  car- 
bonate. Cryolite  forms  quadratic  crystals,  colorless,  transparent,  softer 
than  felspar,  and  of  specilic  gravity  2.96.  It  is  used,  as  already  mentioned, 
for  the  preparation  of  aluminium,  and  in  Germany  for  the  manufacture  of 
soda  for  the  use  of  soap-boilers. 

Aluminium  Ozide. — Alumina,  ALPj|. — ^This  substance  is  inferred  to 
bo  a  sesquioxide  from  its  isomorphism  with  ferric  oxide.  It  is  prepared 
by  mixing  a  solution  of  alum  with  excess  of  ammonia,  by  which  an  ex- 
tremely bulky,  white,  gelatinous  precipitate  of  aluminium  hydrate  is 
thrown  down.  This  is  washed,  dried,  and  ignited  to  whiteness.  Thus 
obtained,  alumina  constitutes  a  white,  tasteless,  coherent  mass,  very  little 
acted  upon  by  acids.  It  is  fusible  before  the  oxy-hydrogen  blowpipe. 
The  mineral  called  corundum^  of  which  the  ruby  and  sapphire  are  trans- 
parent varieties,  consists  of  nearly  pure  alumina  in  a  crystallized  state, 
with  a  little  coloring  oxide :  emery,  used  for  polishing  glass  and  metals, 
is  a  coarse  variety  of  corundum.  Alumina  is  a  very  feeble  base,  and  its 
salts  have  often  an  acid  reaction. 

Aluminium  Hy  drates . — A  lumini  um  forms  three  hydrates  ;  namely  : — 

Monohydrate AlHO,     or  A  1,0,.  H^O 

Pihydfate Al^H^Og   or  Al,0j.2H,0 

Trihydrate AlHjOj    or  AljOj.SHjO  . 

The  monohydrate  is  found  native,  as  diaspore,  in  translucent  masses,  which 
cruml>le  to  powder  when  heated,  and  give  oflF  the  whole  of  their  water  at 
360O  C.  (680O  p.). 

The  trihydrate  is  the  ordinary  gelatinous  precipitate  obtained  by  treating 
solutions  of  aluminium-salts — ^alum,  for  example,  with  ammonia  or  alka- 


ALUMINIUM.  341 

line  carbonates.  When  dried  at  a  moderate  heat,  it  forms  a  soft  friable 
mass,  which  adheres  to  the  tongue  and  forms  a  stiff  paste  with  water,  but 
does  not  dissolve  in  that  liquid.  At  a  strong  red  heat,  it  gives  off  water, 
and  undergoes  a  very  great  contraction  of  volume.  It  dissolves  with  great 
facility  in  acids,  and  in  the  fixed  caustic  alkalies.  When  a  solution  of 
alumina  in  caustic  potash  is  exposed  to  the  air,  the  potash  absorbs  car- 
bonic acid,  and  the  aluminium  trihydrate  is  then  dei)Osited  in  white  crys- 
tals, which  are  but  sparingly  soluble  in  acids. 

Aluminium  trihydrate  has  a  very  powerful  attraction  for  organic  matter, 
and  when  digested  in  solutions  of  vegetable  coloring  matter,  combines 
with  and  carries  down  the  coloring  matter,  which  is  thus  removed  entirely 
from  the  liquid  if  the  alumina  is  in  sufficient  quantity.  The  pigments 
called  lakes  are  oomi)Ounds  of  this  nature.  The  fibre  of  cotton  impreg- 
nated with  alumina  acquires  the  same  power  of  retaining  coloring 
matters :  hence  the  great  use  of  aluminous  salts  as  mordants  to  produce 
fast  colors. 

Aluminium  trihydrate  occurs  native  as  Gibbsite,  a  stalactitic,  trans- 
lucent, fibrous  mineral,  easily  dissolved  by  acids. 

Dih^rate, — ^When  a  dilute  solution  of  aluminium  diacetate  is  exposed 
for  several  days  to  a  temperature  of  lOCP  in  a  close  vessel,  the  acetic  acid 
appears  to  be  set  free,  although  no  precipitation  of  alumina  takes  place. 
The  liquid  acquires  the  taste  of  acetic  acid,  and  if  afterwaids  boiled  in  an 
open  vessel,  gives  off  nearly  the  whole  of  its  acetic  acid,  the  alumina, 
nevertheless,  remaining  in  solution.  This  solution  is  coagulated  by  mine- 
ral acids  and  by  most  vegetable  acids,  by  alkalies,  and  by  decoctions  of 
dye-woods.  The  alumina  contained  in  it  is,  however,  no  longer  capable 
of  acting  as  a  mordant.  Its  ooagulum  with  dye-woods  has  the  color  of  the 
infusion,  but  is  translucent  and  totally  different  from  the  dense  opaque 
lakes  which  ordinary  alumina  forms  with  the  same  coloring  matters.  On 
evaporating  the  solution  to  dryness  at  10(P  C.  (21 20  F.),  the  alumina 
remains  in  the  form  of  dihydrate,  retaining  only  a  trace  of  acetic  acid.  In 
this  state  it  is  insoluble  in  the  stronger  acids,  but  soluble  in  acetic  acid, 
provided  it  has  not  been  previously  coagulated  in  the  manner  just  men- 
tioned.    Boiling  potash  converts  it  into  the  trihydrate.* 

Aluminatea . — ^The  hydrogen  in  aluminium  trihydrate  may  be  replaced 
by  an  equivalent  quantity  of  various  metals  ;  such  compounds  are  called 
alununates.  According  to  Fr6my,  a  solution  of  alumina  in  potash  slowly 
evaporated,  out  of  contact  with  the  air,  deposits  granular  crystals  of 
potassium  aluminate,  AIKO,,  or  Al^O^.K^O.  Similar  compounds  occur 
native ;  thus,  Spinell  is  an  aluminate  of  magnesium,  AljMgO^ ;  Gahnite^ 
an  aluminate  of  zinc,  Al2Zn04. 

Al^iwininm  Snlphlde,  AlfSj. — ^When  the  vapor  of  carbon  bisulphide 
is  passed  over  alumina,  at  a  bright  red  heat,  a  glassy  melted  mass  remains, 
which  is  instantly  decomposed  by  water,  with  evolution  of  sulphuretted 
hydrogen. 

Alnmlnltun  Sulphate,  Alj(SO^)3.18H.p,  or  Al2O3.3SO3.l8H2O.~Pre- 
pared  by  saturating  dilute  sulphuric  acid  with  aluminium  hydrate,  and 
evaporating ;  or,  on  the  large  scale,  by  heating  clay  with  sulphuric  acid. 
It  crystallizes  in  thin  pearly  plates,  soluble  in  2  parts  of  water  :  it  has  a 
sweet  and  astringent  taste,  and  an  acid  reaction.  Heated  to  redness,  it  is 
decomposed,  leaving  pure  alumina.  Two  other  aluminium  sulphates, 
with  excess  of  base,  are  also  described,  one  of  which  is  insoluble  in  water. 

*  Walter  Orum  ,  Chetn.  See.  Joum.  vi.  226. 
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Alumininm  salpliato  combines  with  sulphates  of  potassinm,  sodium, 
and  ammonium,  and  the  other  alkali-metals,  forming  double  salts  of  great 
interest,  the  alums.  Common  alum,  tlie  source  of  all  the  preparations  of 
alumina,  contains  A1K(S04)2.12H20.  It  is  manufactured  on  a  very  large 
scale  from  a  kind  of  slaty  clay  loaded  with  iron  bisulphide,  which  abounds 
in  certain  localities.  This  is  gently  roasted,  and  then  exposed  to  the  air 
in  a  moistened  state  ;  oxygen  is  absorbed  ;  the  sulphur  becomes  acidified  ; 
ferrous  sulphate  and  aluminium  sulphate  are  produced,  and  afterwards 
separated  by  lixiviation  with  water.  The  solution  is  next  concentrated, 
and  mixed  with  a  quantity  of  potassium  chloride,  which  decomposes  the 
iron-salt,  forming  ferrous  chloride  and  potassium  sulphate :  the  latter 
combines  with  the  aluminium  sulphate  to  form  alum.  By  crystallization, 
the  alum  is  separated  from  the  highly  soluble  iron  chloride,  and  afterwards 
easily  purified  by  a  repetition  of  the  process.  Other  methods  of  alum- 
making  are  sometimes  employed. 

Potassium-alum  crystallizes  in  colorless,  transparent  octohedrons  which 
often  exhibit  the  faces  of  the  cube.  It  has  a  sweetish  and  astringent  taste, 
reddens  litmus -paper,  and  dissolves  in  18  parts  of  water  at  15. 50,  and  its 
own  weight  of  boiling  water.  Exposed  to  heat,  it  is  easily  rendered  an- 
hydrous, and  by  a  very  high  temperature  it  is  decomposed.  The  crystals 
have  little  tendency  to  change  in  the  air.  Alum  is  largely  used  in  the 
arts,  in  preparing  skins,  dyeing,  etc.  :  it  is  occasionally  contaminated  with 
iron  oxide,  which  interferes  witli  some  of  its  applications.  The  celebrated 
Roman  alum,  made  from  alum-stone^  a  felspathic  rock  altered  by  sulphurous 
vapors,  was  once  much  prized  on  account  of  its  freedom  from  this  impurity. 
A  mixture  of  dried  alum  and  sugar,  carbonized  in  an  open  pan,  and  then 
heated  to  redness  in  a  glass  tlask,  contact  with  air  being  avoided,  furnishes 
the  Ilomberg^s  pyrophorus,  which  ignites  spontaneously  on  exposure  to  the 
air.  The  essential  ingredient  is,  in  all  probability,  finely-divided  potassium 
sulphide. 

A  process  has  lately  been  patented  by  Messrs.  Duncan  and  Newlands  for 
separating  the  potash  from  syrups  of  beet  and  cane-sugar  by  means  of 
aluminium  sulphate,  the  potash  being  thereby  precipitated  in  the  form  of 
alum.  A  solution  of  aluminium  sulphate  of  a  density  corresponding  with 
about  27^  of  Baumo's  hydrometer,  is  added  to  the  cold  syrup  having  a 
density  of  about  3()0  b.  in  quantity  sufficient  to  precipitate  the  whole  of 
the  potash  present ;  the  mixture  is  well  stirred  for  fifteen  minutes  to  an 
hour  ;  and  the  whole  left  at  rest  for  four  or  five  hours  till  the  deposit  has 
completely  subsided.  This  deposit  consists  of  small  crystals,  technically 
known  as  **  alum-meal."  Considerable  quantities  of  alum  are  now  made 
by  this  process. 

Sodium-alum^  in  which  sulphate  of  sodium  replaces  sulphate  of  potassium, 
has  a  form  and  constitution  similar  to  that  of  common  alum ;  it  is,  how- 
ever, much  more  soluble,  and  difficult  to  crystallize. 

Ammonium-alum^  containing  NH^,  instead  of  K,  very  closely  resembles 
common  potassium-alum,  having  the  same  figure,  appearance,  and  consti- 
tution, and  nearly  the  same  degree  of  solubility  as  that  substance.  It  is 
manufactured  for  commercial  use.  As  the  value  of  potassium-salts  is  con- 
tinually increasing,  ammonium-alum,  which  may  be  used  in  dyeing  with 
the  same  advantage  as  the  corresponding  potassium-salt,  has  almost 
entirely  replaced  the  potassium-alum.  When  heated  to  redness,  ammo- 
nium-alum yields  pure  alumina. 

CcEsium-alum,  AlC8(SOj2.12HjO,  and  Rubidium-ahm,  AlRb(SO^)j.l2HgO, 
resemble  potassium-alum.  A  sHver-idum^  AlAg(S04)2. 1211,0,  ^^  formed  by 
heating  equivalent  quantities  of  argentic  and  aluminium  sulphates  till 
the  former  is  dissolved.     It  crystallizes  in  regular  octohedrons,  and  is 
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rpsolved  by  water  into  its  component  salts.     There  is  also  a  Otallium-alum, 
AlTh(SO^),.12H20,  which  crystallizes  in  regular  octohedrons. 

Lastly,  there  are  alums  isomorphous  with  those  just  described,  in  which 
the  trivalent  aluminium  is  replaced  by  trivalent  iron,  chromium,  and 
manganese :  for  example,  potassio-ferric  sulphate  or  potassium-iron  alum, 
FeK(S04),.12HaO ;  anummo-chrotnic  sulphate,  Cr(NIl4)(SO^)j.l2H,0.  These 
will  be  described  further  on. 

Few  other  aluminium  salts  present  especial  interest,  except  the  silicates ; 
but  these  latter  are  of  great  importance.  Silicates  of  aluminium  enter 
into  the  composition  of  a  number  of  crystallized  minerals,  among  which 
felspar,  by  reason  of  its  abundant  occurrence,  occupies  a  prominent  place. 
Granite  porphyry,  trachyte,  and  other  ancient  unstratified'  rocks,  consist 
in  great  part  of  this  mineral,  which,  under  peculiar  circumstances,  by  no 
means  well  understood,  and  particularly  by  the  action  of  the  carbonic  acid 
of  the  air,  suffers  complete  decomposition,  being  converted  into  a  soft, 
friable  mass  of  earthy  matter.  This  is  the  origin  of  clay :  the  change 
itself  is  seen  in  great  perfection  in  certain  districts  of  Devonshire  and 
Cornwall,  the  felspar  of  the  fine  white  granite  of  those  localities  being  often 
dii^iutegrated  to  a  great  depth,  and  the  rock  altered  to  a  substance  resem- 
bling soft  mortar.  By  washing,  this  finely  divided  matter  is  separated  from 
the  quartz  and  mica  ;  and  the  milk -like  liquid,  being  stored  up  in  tanks, 
deposits  the  suspended  clay,  which  is  afterwards  dried,  first  in  the  air, 
and  afterwards  in  a  stove,  and  employed  in  the  manufacture  of  porcelain. 
The  composition  assigned  to  unaltered  felspar  is  AlKSigO,,,  or  AlKSi04.2SiO„ 
or  AijOg.KjO.BSiOj.  The  exact  nature  of  the  change  by  which  felspar 
passes  into  porcelain  clay  is  unknown,  although  it  evidently  consists  in 
the  abstraction  of  silica  and  alkali. 

When  the  decomposing  rock  contains  iron  oxide,  the  clay  produced  is 
colored.  The  different  varieties  of  shale  and  slate  result  from  the  altera- 
tion of  ancient  clay-beds,  apparently  in  many  instances  by  the  infiltration 
of  water  holding  silica  in  solution :  the  dark  appearance  of  some  of  these 
deposits  is  due  to  bituminous  matter. 

It  is  a  common  mistake  to  confound  clay  with  alumina:  all  clays  are 
essentially  silicates  of  that  base ;  they  often  vary  a  good  deal  in  composi- 
tion. Dilute  acids  exert  little  action  on  these  compounds  ;  but  by  boiling 
with  oil  of  vitriol,  alumina  is  dissolved  out,  and  finely  divided  silica  left 
behind.  Clays  containing  an  admixture  of  calcium  carbonate  are  termed 
marUy  and  are  recognized  by  effervescing  with  acids. 

A  basic  aluminium  silicate,  Al^Oj.SiO,,  is  found  crystallized,  constituting 
the  beautiful  mineral  called  ctjanite.  The  compounds  formed  by  the  union 
of  the  aluminium  silicat^^  with  other  silicates  are  almost  innumerable.  A 
sodium  felspar,  albite,  containing  that  metal  in  place  of  potassium,  is  known, 
and  there  are  two  somewhat  similar  lithium  compounds,  spodumene  and 
petaltte.  The  zeolites  are  hydrated  silicates  belonging  to  this  class  ;  anal- 
cime,  nepheline,  mesotypty  etc.,  are  double  silicates  of  sodium  and  aluminium, 
with  water  of  crystallization.  Stilhiie,  hevdanditCy  laumontite,  prehnitey  et<;., 
consist  of  calcium  silicate  combined  with  silicate  of  aluminium.  The 
oametSy  axinitey  mica,  etc.,  have  a  similar  composition,  but  are  anhydrous. 
Iron  sesquioxide  is  very  often  substituted  for  alumina  in  these  minerals. 


Salts  of  aluminium,  when  moistened  with  cchalt  nitrate  and  heated  before 
the  blowpipe,  assume  a  characteristic  blue  color. 

Alumina,  when  in  solution,  is  distinguished  without  difficulty.  Caustic 
potash  and  soda  occasion  a  white  gelatinous  precipitate  of  aluminium 
hydrate,  freely  soluble  in  excess  of  the  alkali.  Ammonia  produces  a  simi- 
lar precipitate,  insoluble  in  excess  of  the  reagent.     The  alkaline  carbonates 
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and  carbonate  of  ammonium  precipitate  the  hydrate,  with  escape  of  carbonic 
acid.     The  precipitates  are  insoluble  in  excess. 

Ammonium  sulphide  also  produces  a  white  precipitate  of  aluminium  hy- 
drate. 


BERRTLLIUM,  or  GLUCINUM. 

Atomlo  weight,  9.4.    Symbol,  Be. 

This  somewhat  rare  metal  occurs  as  a  silicate,  either  alone  as  in  phena- 
cite,  or  associated  with  other  silicates,  in  beryl,  emerald,  euclase,  leuoo- 
phane,  helvite,  and  several  varieties  of  gadoliuite ;  also  as  an  aluminate 
in  chrysoberyl  or  cymophane. 

Metallic  beryllium  is  obtained  by  passing  the  vapor  of  the  chloride  over 
melted  sodium.  It  is  a  white  metal  of  specific  gravity  2.1 ;  it  may  be 
forged  and  rolled  into  sheets  like  gold ;  its  melting  point  is  below  that  of 
silver.  It  does  not  decompose  water  at  the  boiling  heat.  Sulphuric  and 
hydrochloric  acids  dissolve  it,  with  evolution  of  hydrogen. 

Beryllium  forms  but  one  class  of  compounds,  and  there  is  considerable 
doubt  as  to  its  atomic  weight  and  equivalent  value.  On  the  one  hand,  it 
is  regarded  as  a  dyad,  like  calcium  and  magnesium,  with  the  atomic  weight 
9.4,  its  chloride  being  BeCl,,  its  oxide,  BeO ;  on  the  other  hand,  as  a  triad, 
like  aluminium,  on  which  supposition  its  chloride  would  be  BeCl,,  its  oxide 
BcjO,,  and  its  atomic  weight  14 ;  but  the  former  view  appears,  on  the  whole, 
to  be  most  in  accordance  with  observed  facts. 

BerylUnm  Chloride,  BeCl,,  is  formed  by  heating  the  metal  in  chlorine 
or  hydrochloric  acid  gas,  or  by  the  action  of  aqueous  hydrochloric  acid  on 
the  metal  or  its  oxide. 

The  anhydrous  chloride  is  prepared  by  passing  chlorine  over  an  ignited 
mixture  of  beryllia  and  charcoal.  It  is  less  volatile  than  aluminium  chlo- 
ride, very  deliquescent,  and  easily  soluble  in  water. 

Berylliam  Oxide. — Beryllia,  BeO. — ^This  earth  may  be  prepared  from 
beryl,  or  either  of  the  other  beryllium  silicates,  by  fusing  the  finely  pounded 
mineral  with  potassium  carbonate  or  quicklime ;  treating  the  fused  mass 
with  hydrochloric  acid;  evaporating  to  dryness;  then  moistening  the 
residue  with  hydrochloric  acid,  and  treating  it  with  water,  whereby  every- 
thing is  dissolved  except  the  silica.  The  filtered  liquid  is  then  mixed  with 
excess  of  ammonia  solution,  which  throws  down  a  bulky  precipitate  con- 
taining both  alumina  and  beryllia ;  this  precipitate  is  well  washed,  and 
the  beryllia  is  dissolved  out  from  the  alumina  by  digestion  in  a  cold  strong 
solution  of  ammonium  carbonate.  The  liquid  is  again  filtered,  and  on 
boiling  it,  beryllium  carbonate  is  deposited  as  a  white  powder,  which, 
when  ignited,  leaves  pure  beryllia. 

Beryllia  is  very  much  like  alumina  in  physical  characters,  and  further 
resembles  that  substance  in  being  readily  dissolved  by  caustic  potash  or 
soda  ;  but  it  is  distinguished  from  alumina  by  its  solubility,  when  recently 
precipitated,  in  a  cold  solution  of  ammonium  carbonate.  Beryllium  salts 
have  a  sweet  taste,  whence  the  former  name  of  the  metal,  glucinum  (from 
y\uHxtf).  They  are  colorless,  and  are  distinguished  from  those  of  alumi- 
nium by  not  yielding  an  alum  with  potassium  sulphate,  nor  a  blue  color 
when  heated  before  the  blowpipe  with  cobalt  nitrate  ;  also  by  their  reaction 
with  ammonium  carbonate. 
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ZIRCONIUM. 

Atomic  weight,  80.6.    Symbol|  Zr. 

This  is  a  tetrad  metal,  intermediate  in  many  of  its  properties  between 
aluminium  and  silicium.  Its  oxide,  zirconia,  was  first  obtained  by  Klap- 
rotli,  in  1789,  from  zircon,  which  is  a  silicate  of  zirconium.  It  has  since 
beim  found  in  fergusonite,  eudialyte,  and  two  or  three  other  rare  minerals. 

Zirconium,  like  silicon,  is  capable  of  existing  in  three  different  states, 
amorphous,  crystalline,  and  graphito'idal.  The  amorphous  and  crystalline 
varieties  are  obtained  by  processes  similar  to  those  described  for  preparing 
the  corresponding  modifications  of  silicium ;  graphito'idal  zirconium  was 
obtained,  by  Troost,  in  attempting  to  decompose  sodium  zirconate  with 
iron,  in  light  scales  of  a  steel-gray  color.  Amorphous  zirconium  when 
heated  in  the  air  takes  fire  at  a  heat  somewhat  below  redness,  and  burns 
with  a  bright  light,  forming  zirconia.  Crystalline  zirconium  forms  very 
hard  brittle  scales  resembling  antimony  in  color  and  lustre ;  it  burns  in 
the  air  only  at  the  heat  of  the  oxy-hydrogen  blowpipe,  but  takes  lire  at  a 
red  heat  in  chlorine  gas.  Zirccmium  is  but  little  attacked  by  the  ordinary 
acids  ;  but  hydrotluorio  acid  dissolves  it  readily,  with  evolution  of  hydro- 
gen. 

Zirooniom  Oxide,  or  Zirconia,  ZrO,,  is  prepared  by  strongly  igniting 
zircon  (ziroonium  silicate),  with  four  times  its  weight  of  dry  sodium  car- 
bonate and  a  small  quantity  of  sodium  hydrate.  The  silica  is  separated 
from  the  fused  mass  by  hydrochloric  acid,  as  described  in  the  case  of 
beryllia ;  the  resulting  solution  is  treated  with  ammonia,  which  throws 
down  zirconia  generally  mixed  with  ferric  oxide  ;  the  precipitate  is  redis- 
solved  in  hydrochloric  acid  ;  and  the  solution  is  boiUni  with  excess  of 
sodium  thiosulphatc  as  long  as  sulphurous  acid  continues  to  escape, 
whereby  pure  zirconia  is  precipitated,  the  whole  of  the  iron  remaining  in 
the  solution.  Zirconia  thus  obtained  forms  a  white  powder,  or  hard  lumps, 
of  specific  gravity  4.35  to  4.9.  By  fusing  it  with  borax  in  a  pottery  fur- 
nace and  dissolving  out  the  soluble  salts  with  hydrochloric  acid,  zirconia 
is  obtained  in  small  quadratic  prisms  isomorphous  with  the  native  oxides 
of  tin  and  titanium. 

Zirconium  hydrates  are  obtained  by  precipitating  the  solution  of  a  zirco- 
nium salt  with  ammonia ;  the  precipitate  contains  ZrHjOj  =  ZrOj,.H,0,  or 
ZTHfl^  sa»  Zr,.2HjO,  according  to  the  temperature  at  which  it  is  dried. 

Zirconia  acts  both  as  a  base  and  as  an  acid.  After  ignition  it  is  insoluble 
In  all  acids  except  hydrofluoric  and  very  strong  sulphuric  acid,  but  the 
hydrate  dissolves  easily  in  acids,  forming  the  zirconium  salts  ;  the  normal 
sulphate  has  the  composition  Zr(SO^)j,  or  ZrO,.2S08. 

Compounds  of  zirconia  with  the  stronger  bases,  called  zirconates,  are 
obtained  by  precipitating  a  zirconium  salt  with  potash  or  soda,  or  by  ig- 
niting zirconia  with  an  alkaline  hydrate.  Potassium  zirconate  dissolves 
completely  in  water.  Three  sodium  zirconates  have  been  formed,  contain- 
ing Na^rO,  =  NajO.ZrO.^ ;  Na,ZrO^  =  2Na,O.ZrOa  ;  and  Na^Zr^O^  =  Na,0. 
8Zr02« 

ZirconiTun  Fluoride,  ZrP^.— This  compound  is  obtained  by  dissolving 
zirconia,  or  the  hydrate,  in  hydrofluoric  acid  ;  or  in  the  anhydrous  state, 
by  igniting  zirconia  with  ammonium  and  hydrogen  fluoride  till  all  the 
ammonium  fluoride  is  driven  off.    It  unites  with  other  metallic  fluorides, 
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forming  double  salts,  called  zircofluorides  or  fluozirconates, 
which  aro  isomorphous  with  the  corresponding  silioofluorides,  stannofluo- 
rideS|  and  titanofluorides,  and  are  mostly  represented  by  the  formulse — 

4MF.ZrF^  ;  3MF.ZrF^ ;  2MF.ZrF4 ;  MF.ZrF^, 

in  which  M  denotes  a  monad  metal.  The  sodium  salt,  however,  has  the 
composition  ^NaFSZtF^, 


THORINUM  or  THORIUM. 

Atomic  weight,  231J».    Symbol,  Th. 

This  very  rare  metal  was  discovered  in  1828  by  Berzelins,  in  thorite,  a 
mineral  from  the  Norwegian  island  Lovon,  in  which  it  exists  as  a  silicate. 
It  has  since  been  found  in  euxeuite,  pyrochlore,  and  a  few  other  minerals, 
all  very  scarce. 

Metallic  thorinum  is  obtained  by  reducing  the  chloride  with  potassium 
or  sodium,  as  a  gray  powder,  which  acquires  metallic  lustre  by  pressure, 
and  has  a  density  of  7.66  to  ;7.9.  It  is  not  oxidized  by  water,  dissolves 
easily  in  nitric,  slowly  in  hydrochloric  acid,  and  is  not  attacked  by  caustic 
alkalies. 

Thorinum  forms  but  one  class  of  compounds,  in  all  of  which  it  is 
quadrivalent. 

Thorinnm  Ozide,  or  Thorina,  ThO„  is  prepared  by  decomposing  tho- 
rite with  hydrochloric  acid,  separating  the  silica  in  the  usual  way,  treating 
the  filtered  solution  with  hydrogen  sulphide  to  separate  lead  and  tin,  and 
precipitating  the  thorina  by  ammonia,  together  with  small  quantities  of 
the  oxides  of  iron,  manganese,  and  uranium.  To  get  rid  of  these,  the 
precipitate  is  redissolved  in  hydrochloric  acid,  and  the  hot  saturated  solu- 
tion is  boiled  with  a  solution  of  neutral  potassium  sulphate.  The  thorinum 
is  thereby  precipitated  as  thorinum  and  potassium  sulphate  ;  and  from  the 
solution  of  this  salt  in  hot  water,  the  thorinum  is  precipitated  by  alkalies 
as  a  hydrate,  which,  on  ignition,  yields  pure  thorina. 

Thorina  is  white,  and  very  heavy,  its  specific  gravity  being  9.402. 
Aft43r  ignition,  it  is  insoluble  in  nitric  and  hydrodiloric  acids,  and  dis> 
solves  in  strong  sulphuric  acid  only  after  prolonged  heating.  The  hydrate^ 
precipitated  from  thorinum  salts  by  alkalies,  dissolves  easily  in  acids. 

Thorinnm  Chloride,  ThCl^,  prepared  by  igniting  an  intimate  mixture 
of  thorina  and  charcoal  in  chlorine  gas,  sublimes  in  white  shining  crystals. 
It  forma  double  salts  with  the  chlorides  of  the  alkali-metals. 

Thorinnm  Snlphate,  ThCSO^),,  crystallizes  with  various  quantities 
of  water,  according  to  the  temperature  at  which  Its  solution  is  evaporated. 
Thorinum  and  potassium  sulphate,  ThKi (804)4.211,0,  separates  as  a  crystalline 
powder  when  a  crust  of  potassium  sulphate  is  suspended  in  a  solution  of 
thorinum  sulphate.  It  is  easily  soluble  in  water,  but  insoluble  in  alcohol 
and  in  solution  of  potassium  sulphate. 
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CERI OM.— LANTHANUM.  -DIDTMIUM. 

Oe  -=  138.  —  La  »>  1S9.  —  Di  =:=  144.76. 

These  three  metals  occur  together  as  silicates  in  the  Swedish  mineral 
oerite,  also  in  allanite,  orthite,  and  a  few  others ;  and  as  phosphates  in 
monazite,  edwardsite,  and  cryptolite,  a  mineral  occurring  disseminated 
through  apatite  and  through  certain  cobalt  ores. 

Cerium  was  discovered  in  1803  by  Klaproth,  and  by  Hisinger  and  Ber- 
zelius,  who  obtained  it  in  the  form  of  oxide  from  cerite.  This  mineral  is 
completely  decomposed  by  boiling  with  strong  hydrochloric  acid,  silica 
being  separated,  and  the  cerium,  together  with  iron  and  other  metals,  dis- 
solving as  chloride.  On  treating  the  acid  solution  thus  obtained  with 
oxalic  acid,  cerium  oxalate  is  precipitated  as  a  white  crystalline  powder, 
which,  when  ignited,  leaves  a  brown  oxide.  The  product  thus  obtained 
was,  for  some  time,  regarded  as  the  oxide  of  a  single  metal,  cerium; 
but,  in  1839  and  1841,  Mosander*  showed  that  it  contained  the  oxides 
of  two  other  metals,  which  he  designated  as  lanthanumf  and  d i d y - 
mium.t 

Cerium  oxide  may  be  separated  from  the  oxides  of  lanthanum  and  didy- 
miom  by  treating  the  crude  brown  oxide  above  mentioned,  first  with  dilute 
and  then  with  strong  nitric  acid,  which  gradually  removes  the  whole  of 
the  lanthanum  and  didymium  oxides. 

The  separation  of  these  two  oxides  one  from  the  other  is  much  more 
difficult,  and  can  be  effected  only  by  successive  crystallization  of  their  sul- 
phates. If  the  lanthanum  salt  is  in  excess,  in  which  case  the  solution  of 
the  mixed  sulphates  has  only  a  faint  amethyst  tinge,  the  liquid  is  evapo- 
rated to  dryness,  and  the  residue  heated  to  a  temperature  just  below  red- 
ness, to  render  the  sulphates  anhydrous.  The  residue  thus  obtained  is 
then  to  be  added  by  small  portions  to  ice-cold  water,  which  dissolves  it 
easily,  and  the  resulting  solution  heated  in  a  water-bath  to  about  4(P. 
Lanthanum  sulphate  then  crystallizes  out,  containing  only  a  small  quan- 
tity of  didymium,  and  may  be  further  purified  by  repeating  the  whole 
process.  If,  on  the  other  hand,  the  didymium-salt  is  in  excess,  in  which 
case  the  liquid  has  a  decided  rose-color,  separation  may  be  effected  by 
leaving  the  acid  solution  in  a  warm  place  for  a  day  or  two.  Didymium 
sulphate  then  separates  in  large  rhombohedral  crystals. 

Metallic  cerium,  lanthanum,  and  didymium  are  obtained  by  reducing 
the  chlorides  with  sodium,  in  the  form  of  gray  powders,  which  decompose 
water  at  ordinary  temperatures,  and  dissolve  rapidly  in  dilute  acids  with 
evolution  of  hydrogen. 

Atomic  Weights  and  Quantivalence, — According  to  the  atomic  weights 
hitherto  assigned  to  these  three  metals,  viz.:  Ce  =  92,  La  =  93.6,  Di  =s 95 
(see  Table  on  page  27),  lanthanum  and  didymium  should  be  dyads,  forming 
chlorides  and  oxides  of  the  types  RCl,  and  RO,  and  cerium  should  be 
classed  with  the  iron-metals.  Mendelejeff,  however,  as  already  observed, 
proposed  to  alter  the  atomic  weights  in  accordance  with  the  periodic  law 
of  the  elements,  making  Di  =  138  (triad),  Ce  =  140,  La  =  180  (tetrads). 
But,  according  to  recent  determinations  of  the  specific  heats  of  these  three 
metals,  it  would  appear  that  in  their  most  stable  combinations  they  are 
all  three  triadic  or  trivalent.  Hillebrandll  finds  for  the  specific  heats  the 
following  values : — 

*  Pof^gendorff's  Annalen,  xlvi.  648;  xlvli.  207 ;  Ivl.  6'^4. 

f  From  KttfBAfW,  to  lie  hid.  J  From  ^i^vf^oi^  twing. 

li  Poggendorff's  Annalen  (1876),  clxiii.  71. 
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Ce  La  Di 

0.0479  0.04485  0.04653 

and  Mendelejeff  finds  for  cerium  the  number  0.050.  Now,  these  numbers 
multiplied  by  the  hitherto  received  atomic  weights  of  the  respective  metals 
give  for  the  atomic  heats  the  values  4.12,  4.15,  and  4.40,  which  do  not 
agree  with  the  law  of  Dulong  and  Petit  (p.  225)  ;  but  if  these  atomic 
weights  are  increased  in  the  ratio  of  2  to  3,  which  amounts  to  making 
their  lower  oxides  sesquioxides,  RjO,,  instead  of  monoxides,  RO,  their 
values,  with  small  corrections,  according  to  recent  analyses  by  Hillebraud, 
become 

Ce  La  Di 

138  139  144.75, 

giving  for  the  atomic  heats,  the  values 

6.18  6.23  6.60, 

which  are  in  accordance  with  the  general  law. 

Cerlam  forms  two  series  of  compounds,  viz.,  the  cerous  oomponnds, 
in  which  it  is  trivalent,  as  above  stated,  e.  g.j  CeCl^,  CejOj,  CejCSO^)^ ; 
and  the  eerie  compounds,  in  which  it  is  quadrivalent,  e,  a,,  eerie  oxide, 
CeOj  [formerly  oeroso-ceric  oxide,  CcjO^],  eerie  sulphate,  CeCSOJ,,*  etc. 
There  are  also  two  fluorine-compounds  of  ceritim,  in  which  it  appears  to 
have  still  higher  equivalent  values. 

Cerous  oxide,  Ce^O,,  is  obtained  by  igniting  the  carbonate  or  oxalate  in 
a  current  of  hydrogen,  as  a  grayish-blue  powder,  quickly  converted  into 
eerie  oxide  on  exposure  to  the  air.  Its  salts  are  colorless.  The  sulphate, 
Ce^CSO^),,  crystallizes  with  various  quantities  of  water,  according  to  the 
temperature  at  which  it  is  deposited.  Cerium  and  potassium  sulphate, 
CeKgCSOf),,  separates  as  a  white  powder  on  immersing  solid  potassium 
sulphate  in  a  solution  of  a  cerous  salt.  It  is  slightly  soluble  in  pure 
water,  but  insoluble  in  a  saturated  solution  of  potassium  sulphate.  The 
formation  of  this  salt  affords  the  means  of  separating  cerium  from  most 
other  metals. 

Ceric  oxide,  CeO,,  is  produced  when  cerous  hydrate,  carbonate,  or  nitrate 
is  ignited  in  an  open  vessel.  It  is  yellowish-white,  acquires  a  deep  orange- 
red  color  when  heated,  but  recovers  its  original  tint  on  cooling.  It  is  not 
converted  into  a  higher  oxide  by  ignition  in  oxygen.  Ceric  hydrate^ 
2Ce02.3H,0,  obtained  by  passing  chlorine  into  aqueous  potash  in  which 
cerous  hydrate  is  suspended,  is  a  bright  yellow  precipitate,  which  dis- 
solves readily  in  sulphuric  and  nitric  acids,  forming  yellow  solutions  of 
ceric  salts ;  and  in  hydrochloric  acid,  with  evolution  of  chlorine,  forming 
colorless  cerous  chloride. 

The  solution  of  the  sulphate  yields  by  spontaneous  evaporation,  first, 

brown-red  crystals  of  a  ceroso^eric  salt,    op*/sq*\'  i    +  4Aq.,  and  after- 
wards yellow  indistinctly  crystalline  ccric  sulphate,  Ce(S04)2.4Aq. 

All  ceric  compounds,  when  heated  with  hydrochloric  acid,  give  off  chlo- 
rine, and  are  reduced  to  the  corresponding  cerous  compounds  ;  thus  : — 

CeOj,  +  4HC1  =  CeCls  -f-  2HjO  +  CI . 

*  If  these  formulflD  be  doubled,  the  cerio  compounds  may  also  be  reffarded  as  con- 

O— Ce— O 
tainiag  trivalent  cerium,  e.g.,  Oe^Oi  or   I      |       J  . 

O— Oe— O 
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There  is  &  fluoride  of  cerium,  CejF,  (fomierly  GoFj),  which  maj  be  ob- 
tained as  a  yellow  precipitate,  and  likewise  occura  native  as  jiuocerite, 
and  an  oxyfluoride,  CegFjgO,,  occurring  as  Jiuocerine  at  Finnbo,  in  Sweden. 

Lantbannm  forms  only  one  set  of  compounds,  viz.,  LaCl,,  LajO,, 
La,(b04)3.  There  is,  however,  a  higher  oxide,  the  composition  of  which 
is  not  exactly  known.  Lanthanum  salts  are  colorless ;  their  solutions 
yield,  with  alkalies,  a  precipitate  of  lantluxnvan  hj/droxide,  LaU,Oj„  which, 
when  ignited,  leaves  the  white  anhydrous  sesquioxide.  Both  the  hy- 
droxide and  the  anhydrous  oxide  dissolve  easily  in  acids.  Lanthanum 
sulphate  forms  small  prismatic  crystals,  containing  La2(S04)3.9H20.  Lan- 
thanum and  pataasiwn  sulphate,  LaKjCSO^),,  is  formed,  on  mixing  the  solution 
of  a  lanthanum  salt  with  potassium  sulphate,  as  a  white  crystalline  pre- 
cipitate, resembling  the  corresponding  cerium  salt. 

Dldymimn  salts  are  rose-colored,  and  their  solutions  give,  with  alka- 
lies, a  pale  rose-oolored  precipitate  of  the  hydroxidey  DiHaOj,  which,  when 
ignited  in  a  covered  crucible,  leaves  the  anhydrous  monoxide,  Bi^Oj,  in 
white,  hard  lumps.  When,  however,  the  hydroxide,  nitrate,  carbonate, 
or  oxalate  of  didymium  is  heated  in  contact  with  the  air,  and  not  very 
strongly,  a  dark-brown  peroxide  is  left,  containing  from  0.8  to  0.9  per 
cent,  oxygen  more  than  the  monoxide.  This,  when  treated  with  acids, 
dissolves  readily,  giving  off  oxygen  and  yielding  a  salt  of  the  monoxide. 

Didymium  sulphate  separates  from  an  acid  solution,  by  spontaneous  eva- 
poration, in  well-defined  rhombohedral  crystals,  exhibiting  numerous  sec- 
ondary faces,  and  containing  Di,(S04)j.8Aq. :  they  are  isomorphous  with 
the  similarly  constituted  sulphates  of  yttrium,  and  erbium.  Thu  sulphate 
is  more  soluble  in  cold  than  in  hot  water,  and  a  solution  saturated  in  the 
cold,  deposits,  when  heated  to  the  boiling-point,  a  crystalline  powder  con- 
taining 01,(364)5. 6Aq. 

Didymium  and  potassium  sulphate,  DiK3(S04)„  resembles  the  lanthanum 
salt. 

Solutions  of  didymium  salts  exhibit  a  well-marked  absorption  spec- 
trum,* containing  two  black  lines  inclosing  a  very  bright  space.  One  of 
these  black  lines  is  in  the  yellow,  immediately  following  Fraunhofer's 
line  D  ;  the  other  is  situated  between  £  and  6.  These  characters  can  be 
distinctly  recognized  in  a  solution  half  an  inch  deep,  containing  only  0.10 
per  cent,  of  didymium  salt.  Lanthanum  salts  do  not  exhibit  an  absorp- 
tion spectrum. 


TTTRIT7M  AND  ERBIUM. 

Y»02.    £b«  168.9. 


TnESB  metals  exist  as  silicates  in  the  gadolinite  or  ytterbite  of  Ytterby 
in  Sweden,  and  in  a  few  other  rare  minerals.  A  third  metal,  called  ter- 
bium, has  also  been  supposed  to  be  associated  with  them ;  but  recent  expe- 
riments, especially  those  of  Bahr  and  Bunsen,f  have  thrown  very  great 
doubt  upon  its  existence. 

To  obtain  the  earths,  yttria  and  erbia,  in  the  separate  state,  gadolinite 
Is  digested  with  hydrochloric  acid,  and  the  solution  separated  from  the 
silica  is  treated  with  oxalic  acid,  whi«5h  throws  down  the  oxalates  of  erbi- 
um and  yttrium,  together  with  those  of  calcium,  cerium,  lanthanum,  and 

*  See  LiiOBT,  p.  80.  f  Ann.  Oh.  Pharm.  cxxxvii.  1. 
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didyinium.  These  oxalates  are  converted  into  nitrates ;  the  solution  is 
treated  with  excess  of  solid  potassium  sulphate,  to  separate  the  cerium 
metals  ;  the  erbium  and  yttrium,  which  still  remain  in  solution,  are  again 
precipitated  by  oxalic  acid  ;  and  the  same  treatment  is  repeated,  till  the 
solution  of  the  mixed  earths,  when  examined  by  the  spectral  apparatus, 
no  longer  exhibits  the  absorption-bands  characteristic  of  didymium.  To 
separate  the  erbia  and  yttria,  they  are  again  precipitated  by  oxalic  acid. 
Tiie  oxalates  are  converted  into  nitrates,  and  the  nitrates  of  .erbium  and 
yttrium  are  separated  by  a  series  of  fractional  crystallizations,  the  erbium 
salt  being  the  less  soluble  of  the  two,  and  crystallizing  out  first ;  but  the 
process  requires  attoution  to  a  number  of  details,  which  cannot  be  ^here 
described.* 

Metallic  erbium  has  not  been  isolated.  Yttrium  (containing  erbium) 
was  obtained  by  Berzelius,  as  a  blackish-gray  powder,  by  igniting  yttrium 
chloride  with  potassium. 

Yttrium  and  erbium  have  hitherto  been  regarded  as  dyads,  with  the 
atomic  weights  Y  =  61.7,  Kb  =  112.6;  but  the  close  analogy  of  their  com- 
pounds to  those  of  lanthanum  and  didymium  renders  it  more  probable 
that  they  are  triads,  with  the  higher  atomic  weights  above  given.  In  the 
absence,  however,  of  exact  determinations  of  the  specific  heats  of  these 
metals,  the  question  must  for  the  present  be  regarded  as  undecided. 

Erbia,  EbjO^,  obtained  by  ignition  of  erbium  nitrate  or  oxalate,  has  a 
faint  rose  color.  It  does  not  melt  at  the  strongest  white  heat,  but  aggre- 
gates to  a  spongy  mass,  glowing  with  an  intense  green  light,  which,  when 
examined  by  the  spectroscope,  exhibits  a  continuous  spectrum  intersected 
by  a  number  of  bright  bauds.  Solutions  of  erbium-salU,  on  the  other 
hand,  give  an  absorption-spectrum  exhibiting  dark  bands,  and  the  poinU 
of  maximum  intensdty  of  the  light  hands  in  the  emission-aaectrum  of  glowing  erbia 
coincide  exactly  in  position  with  the  points  of  greatest  darkness  in  the  absorption 
spectrum,  Tlie  position  of  tliese  bands  is  totally  different  from  those  in  the 
emission  and  absorption-spectra  of  didymium. f 

Erbium  salts  have  a  rose-red  color,  deeper  in  the  hydrated  than  in  the 
anhydrous  state ;  they  have  an  acid  reaction  and  sweet  astringent  taste. 
The  sulphate,  EbjCSOJj.SAq.,  forms  light  rose-colored  crystals,  isomorphous 
with  the  sulphates  of  yttrium  and  didymium. 

Yttria,Yfi^,  is  a  soft,  nearly  white  powder,  which  when  ignited  glows 
with  a  pure  white  light,  and  yields  a  spectrum  not  containing  any  bright 
bands,  like  that  of  erbia.  It  does  not  unite  directly  with  waU?r,  but  is 
precipitated  as  a  hydrate  by  alkalies,  from  solutions  of  yttrium-salts.  It 
dissolves  slowly  but  completely  in  hydrochloric,  nitric,  and  sulphuric  acids, 
forming  colorless  solutions,  which  do  not  exhibit  an  absorption-spectrum. 
Yttrium  sulphate,  YjCSOJj.SAq.,  forms  small  colorless  crystals. 


Reactions  of  tJie  Earth-metals. 

1.  All  these  metals  are  precipitated  from  their  solutions  by  ammonium 
sulphide,  as  hydrates,  not  as  sulphides.     They  are  not  precipitated  by 

hydrogen  sulphide.  ,   . ,    . 

2.  The  hydrates  of  aluminium  and  beryllium  are  soluble  in  caustic  po- 
tash; those  of  the  other  earth-metals  are  insoluble. 

3.  Beryllium  hydrate  dissolves  in  a  cold  saturated  solution  of  ammontum 
carbonate,  and  is  precipitated,  as  carlionatc,  on  Iwiling.  Aluminium  hydrate 
is  insoluble  in  ammonium  carlwnate  (sec  further,  p.  344). 

•  See  W«tt8»a  Dlctlonftry  of  Chemistry,  vol.  ▼.  P  J21.   ^  ,    .  .     ^^,  . 

t  The  paper  by  Bahr  and  Biinsen,  above  referred  to,  ia  accompanied  by  exact 
diagrams  of  the  erbium  and  didymium  spectra. 
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4.  Of  the  earth-metals  whoso  hydrates  are  insoluhle  in  potaah, — ^namely, 
zirconium, thoriiium,  cerium,  lanthanum,  didymium,  erbium,  and  yttrium 
— ^zirconium  and  thorinum  may  be  precipitated  as  thiosulphates  by  boiling 
the  solution  with  sodium  tkiosulphate,  the  other  metals  remaining  in  solution. 
The  precipitate  when  ignited  leaves  pure  ziroonia  and  thorina,  or  a  mix- 
ture of  the  two. 

5.  Zirconium  and  thorinum  may  be  separated  one  from  the  other  by 
means  of  ammoniwn  oxalate^  which,  when  added  in  excess,  precipitates  the 
thorinum  as  oxalate,  and  leaves  the  zirconium  in  solution. 

6.  Cerium,  lanthanum,  and  didymium  are  separated  from  yttrium  and 
erbium  by  adding  an  excess  of  potassium  sulphate^  which  throws  down  the 
cerium  metals,  leaving  yttrium  and  erbium  in  solution ;  to  insure  com- 
plete precipitation,  the  solution  must  be  left  in  contact  for  some  time  with 
a  piece  of  solid  potassium  sulphate. 

Cerium  may  be  separated  from  lanthanum  and  didymium,  as  already 
observed,  by  treating  the  mixed  oxides  several  times  with  nitric  acid  (p. 
347).  Another  method  is  to  boil  the  mixed  oxides  (the  cerium  being  in 
the  state  of  eerie  oxide)  with  solution  of  sal-ammoniac.  The  lanthanum 
and  didymium  then  gradually  dissolve,  as  chlorides,  while  the  cerium  re- 
mains as  eerie  oxide.  A  third  method  is  to  precipitate  the  solution  of  the 
three  metals  with  excess  of  potash,  and  pass  chlorine  in  excess  through  the 
solution  and  precipitate ;  the  cerium  is  then  separated  as  bright  yellow 
eerie  hydrate,  while  the  lanthanum  and  didymium  re-dissolve  as  chlorides. 
This  reaction  serves  to  detect  very  small  quantities  of  cerium  mixed  with 
the  other  two  metals.  Cerium  is  further  distinguished  by  the  light-yellow 
color  of  anhydrous  eerie  oxide,  and  by  the  reaction  of  its  compounds,  when 
fused  before  the  blowpipe  with  borax  or  phosphorus  salt,  the  gloss  thus 
formed  being  deep  red  while  hot,  and  becoming  colorless  on  cooling. 
Didymium  ia  distinguished  by  the  dark-brown  color  of  its  higher  oxide ; 
by  the  pale  rose-color  which  its  salts  impart  to  a  bead  of  borax  or  phos- 
phorus salt ;  and  by  the  peculiar  character  of  its  absorption-spectrum  (p. 
349). 

The  methods  of  separating  lanthanum  from  didymium,  and  yttrium 
from  erbiums-imperfect  at  the  best — ^have  been  already  noticed. 


MANUFACTaBB  OF  OlASS,  PoBCELAIir,  AND  EaBTUEN-WABE. 

OlasB. — Glass  is  a  mixture  of  various  insoluble  silicates  with  excess  of 
silica,  altogether  destitute  of  crystalline  structure ;  the  simple  silicates, 
formed  by  fusing  the  bases  with  silicic  acid  in  equivalent  proportions,  very 
often  crystallize,  which  happens  also  with  the  greater  number  of  the 
natural  silicates  included  among  the  earthy  minerals.  Compounds  iden- 
tical with  some  of  these  are  also  occasionally  formed  in  artificial  processes, 
where  large  masses  of  melted  glassy  matter  are  suffered  to  cool  slowly. 
The  alkaline  silicates,  when  in  a  state  of  fusion,  have  the  power  of  dis- 
solving a  large  quantity  of  silica. 

Two  principal  varieties  of  glass  are  met  with  in  commerce,  namely,  glass 
composed  of  silica,  alkali,  and  lime  ;  and  glass  containing  a  large  propor- 
tion of  lead  silicate  :  crown  and  plate  glass  belong  to  the  former  division  ; 
flint  glasSf  and  the  material  of  artificial  gems,  to. the  latter.  The  lead 
promotes  fusibility,  and  confers  also  density  and  lustre.  Common  green 
bottle-glass  contains  no  lead,  but  much  silicate  of  iron,  derived  from  the 
impure  materials.  The  principle  of  the  glass  manufacture  is  very  simple. 
Silica,  in  the  shape  of  sand,  is  heated  with  potassium  or  sodium  carbonate, 
and  slaked  lime  or  lead  oxide  ;  at  a  high  temperature,  fusion  and  combi- 
nation oocar,  and  the  carbonic  acid  is  expelled.    Glauber's  salt  mixed 
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with  charcoal  is  sometimes  substituted  for  soda.  Wlien  the  melted  mass 
lijis  become  j>erfectly  clear  and  free  from  air- bubbles,  it  is  left  to  cool  until 
it  assumes  the  peculiar  tenacious  condition  proper  for  working. 

The  operation  of  fusion  is  conducted  in  large  crucibles  of  refractory  fire- 
clay, which  in  the  case  of  lead-glass  are  covered  by  a  dome  at  the  top,  and 
have  an  opening  at  the  side,  by  which  the  materials  are  introduced,  and 
the  melted  glass  withdrawn.  Great  care  is  exercised  in  the  choice  of  the 
sand,  which  must  be  quite  white  and  free  from  iron  oxide.  Red  lead,  one 
of  the  higher  oxides,  is  preferred  to  litharge,  although  immediately  re- 
duced to  monoxide  by  the  heat,  the  liberated  oxygen  serving  to  destroy 
any  combustible  matter  that  might  accidentally  find  its  way  into  the  cru- 
cible, and  stain  the  glass  by  reducing  a  portion  of  the  lead.  Potash  gives 
a  better  glass  than  soda,  although  the  latter  is  very  generally  employed, 
from  its  lower  price.  A  certain  proportion  of  broken  and  waste  glass  of 
the  same  kind  is  always  added  to  the  other  materials. 

Articles  of  blown  glass  are  thus  made  :  The  workman  begins  by  collect- 
ing a  proper  quantity  of  soft  pasty  glass  at  the  end  of  his  blowpipCj  an  iron 
tube  of  five  or  six  feet  in  length,  terminated  by  a  mouth-piece  of  wood  ; 
he  then  begins  blowing,  by  which  the  lump  is  expanded  into  a  kind  of 
flask,  susceptible  of  having  its  form  modified  by  the  position  in  which  it 
is  held,  and  the  velocity  of  rotation  continually  given  to  the  iron  tube. 
If  an  open-mouthed  vessel  is  to  be  made,  an  iron  rod,  called  a  pontil  or 
puntilj  is  dipped  into  the  glass  pot  and  applied  to  the  bottom  of  the  flask, 
to  which  it  thus  serves  as  a  handle,  the  blowpipe  being  removed  by  the 
application  of  a  cold  iron  to  the  neck.  The  vessel  is  then  reheated  at  a 
hole  left  for  the  purjKwe  in  the  wall  of  the  furnace,  the  aperture  enlarged, 
and  the  vessel  otherwise  altered  in  figure  by  the  aid  of  a  few  simple  tools, 
until  completed.  It  is  then  detached,  and  carried  to  the  annealing  oven, 
where  it  undergoes  slow  and  gradual  cooling  during  many  hours,  the  ob- 
ject of  which  is  to  obviate  the  excessive  brittleness  always  exhibited  by 
glass  which  has  been  quickly  cooled.  The  large  circular  tables  of  crown 
glass  are  made  by  a  very  curious  process  of  this  kind  ;  the  globular  flask 
at  first  produced,  transferreti  from  the  blowpipe  to  the  pontil,  is  suddenly 
made  to  assume  the  form  of  a  flat  disk  by  the  centrifugal  force  of  the  rapid 
rotatory  movement  given  to  the  rod.  Plate  glass  is  ca4st  upon  a  flat  metal 
table,  and,  after  very  careful  annealing,  ground  true  and  polished  by 
suitable  machinery.  Tubes  are  made  by  rapidly  drawing  out  a  hollow 
cylinder  ;  and  from  these  a  great  variety  of  useful  small  apparatus  may 
be  constructed  with  the  help  of  a  lamp  and  blowpipe,  or,  still  better,  the 
bellows  table  of  the  barometer-maker.  Small  tubes  may  be  bent  in  the 
flame  of  a  spirit-lamp  or  gas-jet,  and  cut  with  gn^at  ease  by  a  file,  a  scratch 
being  made,  and  the  two  portions  pulled  or  broken  asunder  in  a  way 
easily  learned  by  a  few  trials. 

Specimens  of  the  two  chief  varieties  of  glass  gave  the  following  results 
on  analysis : — 

Bohemian  plnte  glass  (excellent). 
Silica       ....     60.0 
Potassium  oxide      .         .25.0 
Lime        ....     12.5 


97.5 


English  flint  glasB. 

Silica      .... 

51.93 

Potassium  oxide    . 

13.77 

Lead       .         .         •         . 

33.28 

99.98 


The  difficultly  fusible  white  Bohemian  tube,  so  valuable  in  organic 
analysis,  has  been  found  to  contain,  in  100  parts— 
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Silica 72.80 

Lime,  with  trace  of  alumina         .         .         .       9.G8 

Magnesia 40 

Potassium  oxide 16.80 

Traces  of  manganese,  etc.,  and  loss      .        .        .32 

Different  colors  are  often  communicated  to  glass  by  metallic  oxides. 
Thus,  oxido  of  cobalt  gives  deep  blue:  oxide  of  manganese,  amethyst; 
cuprous  oxide,  ruby-red ;  cupric  oxide,  green ;  the  oxides  of  iron,  dull 
green  or  brown,  etc.  Tliese  are  either  added  to  the  melted  contents  of  the 
glass-pot,  in  which  they  dissolve,  or  applied  in  a  particular  manner  to  the 
surface  of  the  plate  or  other  object,  which  is  then  reheated,  until  fusion  of 
the  coloring  matter  occurs :  such  is  the  practice  of  enamelling  and  glass 
painting.  An  opaque  white  appearance  is  given  by  oxide  of  tin ;  the  ena- 
mel of  watch-faces  is  thus  prepared. 

Toughened  Glass, — When  ordinary  glass  is  heated  till  it  begins  to  soften, 
then  plunged  into  melted  paraffin,  wax,  or  other  substance  melting  at  a 
comparatively  low  temperature,  and  then  left  to  cool  gradually,  it  becomes 
varj  tough,  so  that  it  may  be  struck  or  thrown  on  the  ground  without 
breaking.  It  has  also  acquired  greater  power  of  resisting  heat,  and  may 
be  heated  to  redness,  then  dipped  into  cold  water,  and  whilst  wet  again 
held  in  the  flame,  without  injury.  Hence  it  is  well  adapted  for  lamp- 
chimneys  and  for  culinary  vessels.  When  it  does  break,  however,  it  splits 
up  into  a  multitude  of  minute  angular  fragments,  indicating  a  crystalline 
structure,  the  existence  of  which  is  confirmed  by  the  appearance  of  the 
toughened  glass  in  polarized  light. 

Soluble  (Jlass. — When  silica  is  melted  with  twice  its  weight  of  potassium 
or  sodium  carbonate,  and  the  product  treated  with  water,  the  greater  part 
dissolves,  yielding  a  solution  from  which  acids  precipitate  gelatinous  silica. 
This  is  soluble  glass  or  water  glass;  its  solution  has  been  used  for  rendering 
muslin  and  other  fabrics  of  cotton  or  linen  less  combustible,  for  making 
artificial  stone,  and  preserving  natural  stones  from  decay,  and  for  a  pecu- 
liar style  of  mural  painting  called  stereochromg,* 

Porcelain  and  Earthenware. — The  plasticity  of  natural  clays,  and 
tlieir  hardening  when  exposed  to  heat,  are  properties  which  suggested  in 
very  early  times  their  application  to  the  making  of  vt»ssel8  for  the  various 
purposes  of  daily  life :  there  are  few  branches  of  industry  of  higher  anti- 
quity than  that  exercised  by  the  potter. 

True  porcelain  is  distinguished  from  earthenware  by  very  obvious  cha- 
racters. In  porcelain  the  body  of  the  ware  is  very  compact  and  translu- 
cent, and  breaks  with  a  oonchoidal  fracture,  symptomatic  of  a  commence- 
ment of  fusion.  The  glaze,  too,  applied  for  giving  a  perfectly  smooth  sur- 
face, is  closely  adherent,  and,  in  fact,  graduates  by  insensible  degrees  into 
the  substance  of  the  body.  In  earthenware,  on  the  contrary,  the  fracture 
is  open  and  earthy,  and  the  glaze  detachable  with  greater  or  less  facility. 
The  compact  and  partly  glassy  character  of  porcelain  is  the  result  of  the 
admixture  with  the  clay  of  a  small  portion  of  some  substance  such  as  fel- 
spar, or  a  calcic  or  alkaline  silicate,  which  is  fusible  at  the  temperature  to 
which  the  ware  is  exposed  when  bakc^d  or  fired,  and  being  absorbed  by  the 
less  fusible  portion,  binds  the  whole  into  a  solid  mass  on  cooling.  The  clay 
employed  in  porcelain-making  is  always  directly  derived  from  decomposed 
felspar,  none  of  the  clays  of  the  secondary  strata  being  pure  enough  for  the 
purpose ;  it  must  be  white,  and  free  from  iron  oxide.  To  diminish  the 
contraction  which  this  substance  undergoes  in  the  fire,  a  quantity  of  finely 
divided  silica,  carefully  prepared  by  crushing  and  grinding  calcined  flints 

*  Sec  Richardson  and  Watt's  Ohemloal  Technology,  vol.  i.  part  iv.  pp.  09-104. 
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or  chert,  is  added,  together  with  a  proper  proportion  of  felspar  or  other 
fusible  material,  also  reduced  to  impalpable  powder.  The  utmost  pains 
are  taken  to  effect  perfect  uniformity  of  mixture,  and  to  avoid  the  lulro- 
duction  of  particles  of  grit,  or  other  foreign  bodies.  The  ware  itself  is 
fashioned  either  on  the  potter's  wheel— a  kind  of  vertical  lathe— or  m 
moulds  of  plaster  of  Paris,  and  dried  first  in  the  air,  afterwards  by  artifi- 
cial heat,  and  at  length  completely  hardened  by  exposure  to  the  tempera- 
ture of  ignition.  The  porous  biscmt  is  now  tit  to  receive  its  glaze,  which 
may  be  either  ground  felspar,  or  a  mixture  of  gypsum,  silica,  and  a  little 
porcelain  clay,  diffused  through  water.  The  piece  is  dipped  for  a  moment 
into  this  mixture,  and  withdrawn ;  the  water  sinks  into  its  substance,  and 
the  powder  remains  evenly  spread  upon  its  surface  ;  it  is  once  more  dried, 
and,  lastly,  fired  at  an  exceedingly  high  temperature. 

The  porcelain-furnace  is  a  circular  structure  of  masonry,  having  several 
fire-places,  and  surmounted  by  a  lofty  dome.  Dry  wood  or  coal  is  consumed 
as  fuel,  and  its  flame  directed  into  the  interior,  and  made  to  circulate 
around  and  among  the  earthen  cases,  or  seggars,  in  which  the  articles  to  be 
fired  are  packed.  Many  hours  are  required  for  this  operation,  which  must 
be  very  wirefuUy  managed.  After  the  lapse  of  several  days,  when  the 
furnace  has  completely  cooled,  the  contents  are  removed  in  a  finished  state, 
so  far  as  regards  the  ware. 

The  ornamental  part,  consisting  of  gilding  and  painting  in  enamel,  has 
yet  to  be  executed ;  after  which  the  pieces  are  again  heated,  in  order  to  flux 
the  colors.     The  operation  has  sometimes  to  be  repeated  more  than  once. 

The  manufacture  of  porcelain  in  Europe  is  of  modern  origin  :  the  Chinese 
have  possessed  the  art  from  the  commencement  of  tlie  seventh  century, 
and  their  ware  is,  in  some  respects,  altogether  unequalled.  The  materials 
employed  by  them  are  known  to  be  kaolin  or  decomposed  felspar  ;  peiuntze, 
or  quartz  reduced  to  fine  powder ;  and  the  ashes  of  fern,  which  contain 
potassium  carbonate. 

Sioneivare. — This  is  a  coarse  kind  of  porcelain,  made  from  clay  contain- 
ing oxide  of  iron  and  a  little  lime,  to  which  it  owes  its  partial  fusibility. 
Tiie  glazing  is  performed  by  throwing  common  salt  into  the  heated  fur- 
nace ;  this  is  volatilized,  and  decomposed  by  the  joint  agency  of  the  silica 
of  the  ware  and  of  the  vapor  of  water  always  present ;  hydrochloric  acid 
and  soda  are  produced,  the  latter  forming  a  silicate,  which  fu.ses  over  the 
surface  of  the  ware,  and  gives  a  thin,  but  excellent  glaze. 

Earthenware. — The  finest  kind  of  earthenware  is  made  from  a  white  sec- 
ondary clay,  mixed  with  a  considerable  quantity  of  silica.  The  articles 
are  thoroughly  dried  and  fired ;  after  which  they  are  dipped  into  a  readily 
fusible  glaze  mixture,  of  which  lead  oxide  is  usually  an  important  ingre- 
dient, and,  when  dry,  reheated  to  the  point  of  fusion  of  the  latter.  Tlie 
whole  process  is  much  easier  of  execution  than  the  making  of  poradain, 
and  demands  less  care.  The  ornamental  designs  in  blue  and  other  colors, 
so  common  upon  plates  and  houseliold  articles,  are  printed  upon  paper  in 
enamel  pigment  mixed  with  oil,  and  transferred,  while  still  wet,  to  the 
nnglazed  ware.  When  the  ink  becomes  dry,  the  paper  is  washed  off,  and 
tlie  glazing  completed. 

The  coarser  kinds  of  earthenware  are  sometimes  covered  with  a  whitish 
opaque  glaze,  which  contains  the  oxides  of  lead  and  tin ;  such  glaze  is 
very  liable  to  be  attacked  by  acids,  and  is  dangerous  for  culinary  vessels. 

Crucibles,  when  of  good  quality,  are  very  valuable  to  the  chemist. 
They  are  made  of  clay  free  from  lime,  mixed  with  sand  or  ground  ware  of 
the  same  description.  The  Hessian  and  Cornish  crucibles  are  among  the 
best.  Sometimes  a  mixture  of  plumbago  and  clay  is  employed  for  the 
same  purpose ;  and  powdered  coke  has  been  also  used  with  the  earth : 
such  crucibles  bear  rapid  changes  of  temperature  with  impunity. 
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DYAD  METALS.— GROUP  II. 

MAGNESIUM. 

Atomic  weight,  2A.    Symbol,  Mg. 

This  metal  was  formerly  classed  with  tlie  metals  of  tlie  alkaline  cartlis, 
but  it  is  much  more  nearly  related  to  zinc  by  its  properties  in  the  free 
state,  as  well  as  by  the  volatility  of  its  chloride,  the  solubility  of  its  sul- 
phate, and  the  isomorphism  of  several  of  its  compounds  with  the  analo- 
gously constituted  oomix)unds  of  zinc. 

Magnesium  occurs  in  the  mineral  kingdom  as  hydrate,  carbonate,  borate, 
phosphate,  sulphate,  and  nitrate,  sometimes  in  the  solid  state,  sometimes 
dissolved  in  mineral  waters  :  magnesian  limestone,  or  dolomite,  which 
forms  entire  mountain  masses,  is  a  carbonate  of  magnesium  and  calcium. 
Magnesium  also  occurs  as  silicate,  combined  with  other  silicates,  in  a  va- 
riety of  minerals,  as  steatite,  hornblende,  augite,  talc,  etc.  ;  also  as  alumi- 
nate  in  spinelle  and  zeilanite.  It  likewise  occurs  in  the  bodies  of  plants 
and  animals,  chiefly  as  carbonate  and  phosphate,  and  in  combination  with 
organic  acids. 

Metallic  magnesium  is  prepared  : — 

1.  By  the  electrolysis  effused  magnesium  chloride,  or,  better,  of  a  mix- 
ture of  4  molecules  of  magnesium  chloride  and  3  molecules  of  potassium 
chloride  with  a  small  quantity  of  sal-ammoniac.  A  convenient  way  of 
effecting  the  reduction  is  to  fuse  the  mixture  in  a  common  clay  tobacco- 
pipe  over  an  Argand  spirit-lamp  or  gas-burner,  the  negative  pole  being  an 
iron  wire  passed  up  tlie  pipe-stem,  and  the  positive  pole  a  piece  of  gas- 
coke,  just  touching  the  surface  of  the  fused  chlorides.  On  passing  the 
current  of  a  battery  of  ten  Bunsen's  cells  through  the  arrangement,  the 
magnesium  collects  round  the  extremity  of  the  iron  wire. 

2.  Magnesium  may  be  prepared  in  much  larger  quantity  by  reducing 
magnesium  chloride,  or  the  double  chloride  of  magnesium  and  sodium  or 
potassium,  with  metallic  sodium.  The  double  chloride  is  prepared  by  dis- 
solving magnesium  carbonate  in  hydrochloric  acid,  adding  an  equivalent 
quantity  of  sodium  or  potassium  chloride,  evaporating  to  dryness,  and 
fusing  the  residue.  This  product,  heated  with  sodium  in  a  wrought-iron 
crucible,  yields  metalllo  magnesium,  containing  certain  impurities,  from 
which  it  may  be  freed  by  distillation.  This  process  is  now  carried  out  on 
the  manufacturing  scale,  and  the  magnesium  is  drawn  out  into  wire  or 
formed  into  riband  for  burning.* 

Magnesium  is  a  brilliant  metal,  almost  as  white  as  silver,  somewhat  more 
brittle  at  common  temperatures,  but  malleable  at  a  heat  a  little  below  red- 
ness. Its  specific  gravity  is  1.74.  It  melts  at  a  red  heat,  and  volatilizes 
at  nearly  the  same  temperature  as  zino.  It  retains  its  lustre  in  dry  air, 
but  in  moist  air  it  becomes  covered  with  a  crust  of  magnesia. 

Magnesium  in  the  form  of  wire  or  riband  takes  fire  at  a  red  heat,  burn- 
ing with  a  dazzling  bluish-white  light.  The  flame  of  a  candle  or  spirit- 
lamp  is  sufficient  to  inflame  it,  but  to  insure  continuous  combustion,  the 
metal  must  be  kept  in  contact  with  the  flame.  For  this  purpose  lamps 
are  constructed,  provided  with  a  mechanism  which  continually  pushes 
three  or  more  magnesium  wires  into  a  small  spirit-flame. 

Tlie  magnesium  flame  produces  a  continuous  spectrum,  containing  a  very 

*  For  detMilR  of  the  mitnufacttirlni;  prncess,  see  HichardsoQ  and  Watta'p  Chcm|- 
eal  Technology,  vol.  1.  part  v.  pp.  836-389. 
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large  proportion  of  the  more  refrangible  rays  :  hence  it  is  well  adapted  for 
photography,  and  has,  indeed,  been  used  for  taking  photographs,  in  the 
absence  of  the  sun,  or  in  places  where  sunlight  cannot  penetrate,  as  in 
caves  or  subterranean  apartments. 

Magnesiam  Chloride,  MgCl,. — ^When  magnesia,  or  its  carbonate,  is 
dissolved  in  hydrochloric  acid,  magnesium  chloride  and  water  are  produced ; 
but  when  this  solution  is  evaporated  to  dryness,  the  last  portions  of  Water 
are  retained  with  such  obstinacy,  that  decomposition  of  the  water  is  brought 
about  by  the  concurring  attractions  of  magnesium  for  oxygen,  and  of  chlo- 
rine for  hydrogen ;  hydrochloric  acid  is  expelled,  and  magnesia  remains. 
If,  however,  sal-ammoniac,  potassium  chloride,  or  sodium  chloride  is  pre- 
sent, a  double  salt  is  produced,  which  is  easily  rendered  anhydrous.  The 
best  mode  of  preparing  the  chloride  is  to  divide  a  quantity  of  hydrochloric 
acid  into  two  equal  portions,  to  neutralize  one  with  magnesia,  and  the 
other  with  ammonia,  or  carbonate  of  ammonia :  to  mix  these  solutions, 
evaporate  them  to  dryness,  and  then  expose  the  salt  to  a  red  heat  in  a 
loosely  covered  porcelain  crucible.  Sal-anmoniac  sublimes,  and  magnesium 
chloride  in  a  fused  state  remains  ;  tlie  latter  is  i)oured  out  upon  a  clean 
stone,  and  when  cold  transferred  to  a  well -stopped  bottle. 

The  chloride  so  obtained  is  wliite  and  crystalline.  It  is  very  deliques- 
cent and  highly  soluble  in  water,  from  which  it  cannot  again  be  recovered 
by  evaporation,  for  the  reasons  just  mentioned.  When  long  exposed  to 
the  air  in  the  melted  state,  it  is  converted  into  magnesia.  It  is  soluble  in 
alcohol. 

Magnesiam  Oadde,  or  Magnesia,  MgO. — ^This  oxide  is  easily  prepared 
by  exposing  the  imgnesia  alba  of  pharmacy,  which  is  a  hydrocarbonate,  to 
a  full  red  lieat  in  an  earthen  or  platinum  crucible.  It  forma  a  soft,  white 
powder,  which  slowly  attracts  moisture  and  carbonic  acid  from  the  air,  and 
unites  quietly  with  water  to  a  hydrate  which  possesses  a  feeble  degree  of 
solubility,  requiring  about  5000  parts  of  water  at  15.50  C.  ((jOO  F.)  and 
36,000  parts  at  100©  C.  (2VJ^  F.).  The  alkalinity  of  magnesia  can  only 
be  observed  by  ])lacing  a  small  portion  in  a  moistened  state  upon  test- 
paper  :  it  neutralizes  acids,  however,  in  the  most  complete  manner.  It  is 
infusible. 

Magnesium  sulphide  is  formed  by  passing  vapor  of  carbon  sulphide  over 
magnesia,  in  capsules  of  coke,  at  a  strong  red  heat. 

Ozysalts  of  Magnesium. — The  sulphate^  MgSO^.THjO,  commonly  called 
Epsom  salt,  occurs  in  sea-water,  and  in  many  mineral  springs,  and  is  now 
manufactured  in  large  quantities  by  acting  on  magnesian  limestone  with 
dilute  sulphuric  acid,  and  separating  the  magnesium  sulphate  from  the 
greater  part  of  the  slightly  soluble  calcium  sulphate  by  liltration.  The 
crystals  are  derived  from  a  right  rhombic  prism ;  they  are  soluble  in  an 
equal  weight  of  water  at  5.50  C.  (41.90  F.),  and  in  a  still  smaller  quantity 
at  lOtP  C.  (2120  F.).  The  salt  has  a  nauseous  bitter  taste,  and,  like  many 
other  neutral  salts,  possesses  purgative  properties.  When  it  is  expose<l  to 
heat,  6  molecules  of  water  readily  pass  off,  the  seventh  being  energetically 
retained.  Magnesium  sulphate  forms  beautiful  double  salts  with  the  sul- 
phates of  potassium  and  ammonium,  which  contain  6  moleclues  of  crys- 
tallization-water, their  formulae  being  MgR^CSOJ^GHjO,  and  MgCNH^), 
(S04)j6HjO.     These  salts  are  isomorphous,  and  form  monoclinic  crystals. 

Carbonates, — The  neutral  carbonate,  MgCO,  or  MgO.COj,  occurs  native 
in  rhombohedral  crystals,  resembling  those  of  calc-spar,  imbedded  in  talc- 
slate  :  a  soft  earthy  variety  is  sometimes  met  with. 

When  magnesia  alba  is  dissolved  in  aqueous  carbonic  acid,  and  the  so- 
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lution  left  to  eyaporate  spontaneonsiy,  small  prismatic  crystals  are  depo- 
sited, consisting  of  trihydrated  magnesium  carbonate,  MgC0j.3H,0. 

The  magnesia  alba  itself,  although  often  called  carbonate  of  magnesium, 
is  not  so  in  reality ;  it  is  a  compound  of  carbonate  with  hydrate.  It  is 
prepared  by  mixing  hot  solutions  of  potassium  or  sodium  carbonate  and 
magnesium  sulphate,  the  latter  being  kept  in  slight  excess,  boiling  the 
whole  a  few  minutes,  during  which  time  much  carbonic  acid  is  disengaged, 
and  well  washing  the  precipitate  so  produced.  If  the  solution  is  very  di- 
lute, the  magnesia  alba  is  exceedingly  light  and  bulky ;  if  otherwise,  it  is 
denser.  The  composition  of  this  precipitate  is  not  perfectly  constant.  In 
most  cases  it  contains  4MgC03.MgH20,.UAq. 

Magnesia  alba  is  slightly  soluble  in  water,  especially  when  cold. 

Magnesium  phosphate^  MgllPO^.THjO,  separates  in  small  colorless  pris- 
matic crystals  when  solutions  of  sodium  phdsphate  and  magnesium  sul- 
phate are  mixed  and  sulfered  to  stand  for  some  time.  According  to  Graham, 
it  is  soluble  in  about  1000  parts  of  cold  water.  Magnesium  phos]>hate 
exists  in  the  grain  of  the  cereals,  and  can  be  detected  in  considerable 
quantity  in  beer. 

Maynesiwn  and  Ammonium  Phospkaiej  'M.g(f^ll^)F0^.6Ufi, — ^\Vhen  ammo- 
nia or  its  carbonate  is  mixed  with  a  magnesium  salt,  and  a  soluble  phos- 
phate Ls  added,  a  crystalline  precipitate,  having  the  above  composition, 
subsides,  immediately  if  the  solutions  are  concentrated,  and  after  some 
time  if  very  dilute :  in  the  latter  case,  the  precipitation  is  promoted  by 
stirring.  This  salt  is  slightly  soluble  in  pure  water,  but  nearly  insoluble 
in  saline  and  ammoniacal  liquids.  When  heated,  it  gives  off  water  and 
ammonia,  and  is  converted  into  magnesium  pyropliosjjhate,  Mg2P2^7  • 

2Mg(NH,)P04  »  MgjPjO,  +  H,0  +  2NHj. 

At  a  strong  red  heat  it  fuses  to  a  white  enamel-like  mass.  Magnesium 
and  ammonium  phosphate  sometimes  forms  a  urinary  calculus,  and  occurs 
also  in  guano. 

In  analysis,  magnesium  is  often  separated  from  solutions  by  bringing  it 
into  this  state.  The  liquid,  free  from  alumina,  lime,  etc.,  is  mixed  with 
sodium  phosphate  and  excess  of  ammonia,  and  gently  heated  for  a  short 
time.  The  precipitate  is  collected  upon  a  filter  and  thoroughly  washe<l  with 
water  containing  a  little  ammonia,  after  which  it  is  dried,  ignited  to  red- 
noss,  and  weighed.     The  proportion  of  magnesia  is  then  easily  calculated. 

Silicates, — ^The  following  natural  compounds  belong  to  this  cla.ss  :  Chry- 
tolile,  MgjSiO^  ss  2MgO.SiOj,  a  crystallized  mineral,  sometimes  employed 
for  ornamental  purposes  :  a  portion  of  the  magnesia  is  commonly  replaced 
by  ferrous  oxide,  which  communicates  a  green  color.  Meerschaum,  2MgSi03. 
SiO,  =s  2Mg0.3SiO,,  is  a  soft  sectile  mineral,  from  which  pipe-bowls  are 
made.  Talc,  4MgSi05.SiO,.4Aq.  (called  steatite  when  massive),  is  a  soft, 
white,  sectile,  transparent,  or  translucent  mineral,  uswl  as  firestones  for 
furnaces  and  stoves,  and  in  thin  plates  for  glazing  lanthorns,  etc. ;  also, 
in  the  state  of  powder  for  diminishing  friction.  Soapstone,  also  callwl  stea- 
tite, is  a  silicate  of  magnesium  and  aluminium  of  somewhat  variable  com- 
position. Serpentine  is  a  combination  of  silicate  and  hydrate  of  magnesium. 
Jade,  an  exceedingly  hard  stone,  brought  from  New  Zealand,  is  a  silicate 
of  magnesium  and  aluminium  :  its  green  color  is  due  to  chromium.  Augite 
and  hornblende  are  essentially  double  silicates  of  magnesia  and  lime,  in 
which  the  magnesia  is  more  or  less  replaced  by  its  isomorphous  substitute, 
ferrous  oxide. 


Magnesium  salts  are  isomorphous  with  zinc  salts,  ferrous  salts,  cuprio 
salts,  cobalt  salts,  and  nickel  salts,  etc.;  they  are  usually  colorless,  and 
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are  easily  recognized  by  the  following  characters  :  A  gelatinous  white  pre- 
cipitate with  caustic  alkalies^  including  anunonia,  insoluble  in  excess,  bat 
soluble  in  solution  of  sal-ammoniac.  A  white  precipitate  with  potassium 
and  sodium  carbonates^  but  none  with  ammonium  carbonate  in  the  cold.  A 
white  crystalline  precipitate  with  soluble  phoephates  on  the  addition  of  a 
little  ammonia. 


ZINC. 

Atomio  weight,  65.2.    Symbol,  Zn. 


Zinc  is  a  somewhat  abundant  metal :  it  is  found  in  the  state  of  carbonate, 
silicate  and  sulphide,  associated  with  lead-ores  in  many  districts,  both  in 
Britain  and  on  the  Continent ;  large  supplies  are  obtained  from  Silesia, 
and  from  the  neighborhood  of  Aachen.  The  native  carbonate,  or  calamine, 
is  the  most  valuable  of  the  zinc  ores,  and  is  preferred  for  the  extraction  of 
the  metal :  it  is  first  roasted  to  expel  water  and  carbonic  acid,  then  mixed 
with  fragments  of  coke  or  charcoal,  and  distilled  at  a  full  red  heat  in  a 
large  earthen  retort ;  carbon  monoxide  escapes,  while  the  reduced  metal 
volatilizes  and  is  condensed  by  suitable  means,  generally  with  minute 
quantities  of  arsenic. 

Zinc  is  a  bluish-white  metal,  which  slowly  tarnishes  in  the  air  :  it  has 
a  lamellar,  crystalline  structure,  a  density  varying  from  6.8  to  7.2,  and  is, 
under  ordinary  circumstances,  brittle.  Between  12(P  and  15(P  C.  (248^ 
and  302O  F.)  it  is,  on  the  contrary,  malleable,  and  may  be  rolled  or  ham- 
mered without  danger  of  fracture ;  and,  what  is  YCTy  remarkable,  after 
such  treatment,  it  retains  its  malleability  when  cold  ;  the  sheet-zinc  of  com- 
merce is  thus  made.  At  210O  c.  (410O  F.)  it  is  so  brittle  that  it  may  be 
reduced  to  powder.  At  412^  C.  (773.60  F.)  it  melts  ;  at  a  bright  red  heat 
it  boils  and  volatilized,  and,  if  air  be  admitted,  burns  with  a  splendid 
griH^nish  light,  generating  the  oxide.  Dilute  acids  dissolve  zinc  very 
readily  :  it  is  constantly  employed  in  this  manner  for  preparing  hydrogen 
gas. 

Zinc  is  a  dyad  metal,  forming  only  one  class  of  compounds. 

The  chloride^  ZnCl,,  may  be  prepared  by  heating  metallic  zinc  in  chlo- 
rine :  by  distilling  a  mixtiire  of  zinc-filings  and  corrosive  sublimate  ;  or, 
more  easily,  by  dissolving  zinc  in  hydrochloric  acid.  It  is  a  nearly  white, 
translucent,  fusible  substance,  very  soluble  in  water  and  alool^ol,  and  very 
deliquescent.  A  strong  solution  of  zinc  chloride  is  sometimes  used  as  a 
bath  for  obtaining  a  graduate<l  heat  above  lOOO.  Zinc  chloride  unites 
with  sal-ammoniac  and  potassium  chloride  to  form  double  salts  :  the  former 
of  these,  made  b^*^  dissolving  zinc  in  hydrochloric  acid,  and  then  adding  an 
equivalent  quantity  of  sal-ammoniac,  is  very  useful  in  tinning  and  soft- 
soldering  copper  and  iron. 

The  oxide,  ZnO,  is  a  strong  base,  forming  salta  isomorphous  with  the 
magnesium-salts.  It  is  prepared  either  by  burning  zinc  in  atmospheric 
air,  or  by  heating  the  carl)onate  to  redness.  Zinc  oxide  is  a  white,  taste- 
less powder,  insoluble  in  water,  but  fret^ly  dissolved  by  acids.  When 
heated  it  is  yellow,  but  turns  white  again  on  cooling.  It  is  getting  into 
use  as  a  substitute  for  white  lead.  To  prepare  zinc-white  on  a  large  scale, 
metallic  zinc  is  volatilized  in  large  earthen  muffles,  whence  the  zinc  vapor 
passes  into  a  small  receiver  {guirite),  where  it  comes  in  contact  with  a  cur- 
rent of  air  and  is  oxidized.  The  zinc  oxide  thus  formed  passes  immedi- 
ately into  a  condensing  chamber  divided  into  several  compartments  by 
cloths  suspended  within  it. 
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The  sulphate^  ZnSO^.THjO,  commonly  called  White  riVrio/.— This  salt  is 
hardly  to  be  distinguished  by  the  eye  from  magnesium  sulphate  :  it  is  pre- 
pared either  by  dissolving  the  metal  in  dilute  sulphuric  acid,  or  more 
economically,  by  roasting  the  native  sulphide,  or  bkndej  which,  by  absorp- 
tion of  oxygen,  becomes  in  great  part  converted  into  sulphate.  The  altered 
mineral  is  thrown  hot  into  water,  and  the  salt  obtained  by  evaporating  the 
clear  solution.  Zinc  sulphate  has  an  astringent  metallic  taste,  and  is  used 
in  medicine  as  an  emetic.  The  crystals  dissolve  in  2^  parts  of  cold,  and 
in  a  much  smaller  quantity  of  hot,  water.  Crystals  containing  6  mole- 
cules of  water  have  been  observed.  Zinc  sulphate  forms  double  salts  with 
the  sulphates  of  potassium  and  ammonium,  namely,  ZnK2(S04)2.6H30  and 
ZnCNUJsCSOJj.GUjO,  isomorphous  with  the  corresponding  magnesium 
salts. 

The  carhonaiey  ZnCOg,  is  found  native ;  the  white  precipitate  obtained 
by  mixing  solutions  of  zinc  and  of  alkaline  carbonates,  is  a  combination 
of  carbonate  and  hydrate.  When  heated  to  redness,  it  yields  pure  zinc 
oxide. 

The  sulphide^  ZnS,  occurs  native,  as  blende,,  in  regular  tetrahedrons, 
dodecahedrons,  and  other  monometric  forms,  antl  of  various  colors,  from 
white  or  yellow  to  brown  or  black,  according  to  its  degree  of  i)urity  :  it  is 
a  valuable  ore  of  zino.  A  variety,  called  black  jack,  occurs  somewhat 
abundantly  in  Derbyshire,  Cumberland,  and  Cornwall.  A  hydrated  sidphate, 
ZnS.H^O,  is  obtained  as  a  white  precipitate  on  adding  an  alkaline  sulphide 
to  the  solution  of  a  zinc  salt. 

Zinc  salts  are  distinguished  by  the  following  characters  :  Caustic  potash^ 
soda,  and  ammonia^  give  a  white  precipitate  of  hydrate,  freely  soluble  in 
excess  of  the  alkali.  Potassium  and  sixlium  carbonates  give  white  precipi- 
tates, insoluble  in  excess.  Ammonium  carbonate  gives  also  a  white  precipi- 
tate, which  is  redissolved  by  an  excess.  Ihtassium  ferrocyauide  gives  a 
white  precipitate.  Hydrogen  sulphide  causes  no  change  in  zinc  solutions 
containing  free  mineral  acids  ;  but  in  neutral  solutions,  or  with  zinc  salts 
of  organic  acids,  such  as  the  acetate,  a  white  precipitate  is  formed.  Am- 
monium sulphide  throws  down  white  sulphide  of  zinc,  insoluble  in  caustic 
alkalies.  The  formation  of  this  precipitate  in  a  solution  containing  excess 
of  caustic  alkali,  serves  to  distinguish  zinc  from  all  other  metals. 

All  zinc  compounds,  heated  on  charcoal  with  sodium  carbonate  in  the 
inner  blow-pipe  flame,  give  an  incrustation  of  zinc  oxide,  which  is  yellow 
while  hot,  but  becomes  white  in  cooling.  If  this  incrustation  be  moistened 
with  a  dilute  solution  of  cobalt  nitrate,  and  strongly  heated  in  the  outer 
flame,  a  fine  green  color  is  produced. 


The  applications  of  metallic  zino  to  the  purposes  of  roofing,  the  comtruc- 
tion  of  water  channels,  etc.,  are  well  known  ;  it  is  sufficiently  durable, 
but  inferior  in  this  respect  to  copper.  It  is  much  used  also  for  protecting 
iron  and  copi)er  from  oxidation  when  immersed  in  saline  solutions,  such 
as  sea-water,  or  exposed  to  damp  air.  This  it  does  by  forming  an  electric 
circuit,  in  which  it  acts  as  the  positive  or  more  oxidable  metal  (p.  257). 
Galvanised  iron  consists  of  iron  having  its  surface  coated  with  zinc. 


CADMIX7M. 

Atomic  weight,  112.    Symbol,  Cd. 


This  metal  was  discovered  in  1817  by  Stromeycr,  and  by  Hermann :  it 
accompanies  the  ores  of  zino,  especially  those  occurring  in  Silesia,  and, 
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being  more  yolatile  than  that  substance,  rises  first  in  vapor  when  the  cal- 
amine is  subjected  to  distillation  with  charcoal.  Cadmium  resembles  tin 
in  color,  but  is  somewhat  harder ;  it  is  very  malleable,  has  a  density  of 
8.7,  melts  below  20(P,'and  is  nearly  as  volatile  as  mercury.  It  tarnislies 
but  little  in  the  air,  but  burns  when  strongly  heated.  Dilute  sulphuric 
and  hydrochloric  acids  act  but  little  on  cadmium  in  the  cold ;  nitric  acid 
is  its  best  solvent. 

The  observed  vapor-density  of  cadmium  is  3.94  compared  with  air,  or 
.56.3  compared  with  hydrogen,  which  latter  number  does  not  differ  greatly 
from  the  half  of  112,  the  atomic  weight  of  the  metal :  hence  it  appears 
that  the  atom  of  cadmium  in  the  state  of  vapor  occupies  twice  the  space  of 
an  atom  of  hydrogen  (p.  228). 

.  Cadmium,  like  zinc,  is  dyadic,  and  forms  but  one  series  of  compounds. 
The  oxidCf  CdO,  may  be  prepared  by  igniting  either  the  carbonate  or  the 
nitrate  :  in  the  former  case  it  has  a  pale-brown  color,  and  in  the  latter  a 
much  darker  tftit,  and  forms  octohedral  microscopic  crystals.  Cadmium 
oxide  is  infusible :  it  dissolves  in  acids,  producing  a  series  of  colorless 
salts  :  it  attracts  carbonic  acid  from  the  air,  and  turns  white.  The  shI- 
pkate,  CdS04.4U,0,  is  easily  obtained  by  dissolving  the  oxide  or  carbonate 
in  dilute  sulphuric  a<;id :  it  is  very  soluble  in  water,  and  forms  double 
salts  with  the  sulphates  of  potassium  and  ammonium,  which  contain  re- 
spectively CdK2(S04),.6H30  and  Cd(NH0,(SOj2. 611,0.  The  chlaridey  CdCL, 
is  a  very  soluble  salt,  crystallizing  in  small  four-sided  prisms.  The  siU- 
pkide^  CdS,  is  a  very  characteristic  compound,  of  a  bright  yellow  color, 
forming  microscopic  crystals,  fusible  at  a  high  temperature.  It  is  obtained 
by  passing  sulphuretted  hydrogen  gas  through  a  solution  of  the  sulphate, 
nitrate,  or  chloride.  Tliis  compound  is  used  as  a  yellow  pigment,  of  great 
beauty  and  permanence.     It  occurs  native  as  (/reenockUe. 


Fixed  caustic  alkalies  give  with  cadmium  salts  a  white  precipitate  of 
hydrated  oxide,  insoluble  in  excess.  Ammonia  gives  a  similar  white  preci- 
pitate, readily  soluble  in  excess.  Tho  Jixed  alkaline  carbonates,  and  atnmonia 
carbonate^  throw  down  white  cadmium  carbonate,  insoluble  in  excess  of 
either  precipitant,  lli/droyen  sulphide  and  ammonium  sulphide  precipitate  the 
yellow  sulphide  of  cadinium. 


GROUP    III* 

COPPER. 

Atomic  weight,  63.4.    Symbol,  Ou  (Cuprum). 

Copper  is  a  metal  of  great  value  in  the  arts  :  it  sometimes  oconrs  in  the 
metallic  state,  crystallized  in  octohedrons,  or  more  frequently  in  dodeca- 
hedrons, but  is  more  abundant  in  the  form  of  red  oxide,  and  in  that  of 
sulphide  combined  with  sulphide  of  iron,  as  yelUno  copper  ore  or  copper 
pyrites.  Large  quantities  of  the  latter  substance  are  annually  obtained 
from  the  Cornish  mines,  and  taken  to  South  Wales  for  reduction,  which  is 
effected  by  a  somewhat  complex  process.  The  principle  of  this  may,  how- 
ever, be  easily  made  intelligible.  The  ore  is  roasted  in  a  reverberatory 
furnace,  by  which  much  of  the  iron  sulphide  is  converted  into  oxide, 
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while  the  copper  sulphide  remains  unaltered.  The  product  of  this  ope- 
ration is  then  strongly  heated  with  silicious  sand ;  the  latter  combines 
with  the  iron  oxide  to  a  fusible  slag,  and  separates  from  the  heavier  cop- 
per compound.  When  the  iron  has,  by  a  repetition  of  these  processes, 
been  got  rid  of,  the  copper  sulphide  begins  to  decompose  in  the  flame-fur- 
nace, losing  its  sulphur  and  absorbing  oxygen ;  the  temperature  is  then 
raised  sufficiently  to  reduce  the  oxide  thus  produced,  by  the  aid  of  carbo- 
naceous matter.  The  last  part  of  the  operation  consists  in  thrusting  into 
the  melted  metal  a  pole  of  birch-wood,  the  object  of  which  is  probably  to 
reduce  a  little  remaining  oxide  by  the  combustible  gases  thus  generated. 
Large  quantities  of  extremely  valuable  ore,  chiefly  carbonate  and  red  oxide, 
have  lately  been  obtained  from  South  Australia  and  Chile. 

Copper  has  a  well-known  yellowish-red  color,  a  specific  gravity  of  8.96", 
and  is  very  malleable  and  ductile :  it  is  an  excellent  conductor  of  heat 
and  electricity :  it  melts  at  a  bright  red  heat,  and  seems  to  be  slightly 
volatile  at  a  very  high  temperature.  Copper  undergo<?s  no  change  in  dry 
air :  exposed  to  a  moist  atmosphere,  it  becomes  covered  with  a  strongly 
adherent  green  crust,  consisting  in  a  great  measure  of  carbonate.  Heated 
to  redness  in  the  air,  it  is  quickly  oxidized,  becoming  covered  with  a  black 
scale.  Dilute  sulphuric  and  hydrochloric  acids  scarcely  act  upon  copper  ; 
boiling  oil  of  vitriol  attacks  it,  with  evolution  of  sulphurous  oxide  ;  nitric 
acid,  even  dilute,  dissolves  it  readily,  with  evolution  of  nitrogen  dioxide. 

Copper,  in  its  most  stable  compounds,  the  c  u  p  r  i  c  compounds,  is  biva- 
lent, these  compounds  containing  1  atom  of  the  metal  combined  with  2 
atoms  of  s  univalent,  or  1  atom  of  a  bivalent  negative  radicle,  «.  g.,  CuCl^, 
CuO,  Cu(K0j)2,  CUSO4,  etc.  It  also  forms  another  series,  the  cuprous 
compounds,  in  which  it  may  be  regarded  as  univalent,  e,  g.,  CuCl,  Cu^O, 
etc.,  like  silver  in  the  argentic  compounds.  On  the  other  hand,  the  cuprous 
compounds  may  be  supposed  to  be  formed  by  addition  of  copper  to  the 
cupric  compounds,  the  metal  still  remaining  bivalent,  thus,  cuprous  chlo- 

CuCl  Cu,^^ 

ride,  CujCl,  =   I         ;   cuprous  oxide,   CujO  =  I     ^>0.      Tliese   com- 

CuCl  Cu-^ 

pounds  are  very  unstable,  being  easily  converted  into  cupric  compounds 
by  the  action  of  oxidizing  agents. 

Copper  Chlorides.^ Cu/>nc  chloride^  CuClj,  is  most  easily  prepared  by 
dissolving  cupric  oxide  in  hydrochloric  acid,  and  concentrating  the  green 
solution  thence  resulting.  It  forms  green  crystals,  CuClj.2H,0,  very  soluble 
in  water  and  in  alcohol :  it  colors  the  flame  of  the  latter  green.  When 
gently  heated,  it  parts  with  its  water  of  crystallization  and  becomes  yel- 
lowish-brown ;  at  a  high  temperature,  it  loses  half  its  chlorine,  and  be- 
comes converted  into  cuprous  chloride.  The  latter  is  a  white,  fusible  sub- 
stance, but  little  soluble  in  water,  and  prone  to  oxidation :  it  is  formed 
when  copper-filings  or  copper-leaf  are  put  into  chlorine  gas  ;  also,  by  pre- 
cipitating a  solution  of  cupric  chloride  or  other  cupric  salt  with  stannous 
chloride : — 

2CuCl,  +  SnClj  =  CujCl,  +  SnCl^. 

A  plate  of  copper  immersed  in  hydrochloric  acid  in  a  vessel  containing 
air,  becomes  covered  with  white  tetrahedrons  of  cuprous  chloride.     This 
compound  dissolves  in  hydrochloric  acid,  forming  a  colorless  solution, 
which  gradually  turns  blue  on  exposure  to  the  air. 
A  h^rated  cupric  oxychloridCf  CuClj.3CuH,0,,  occurs  native  as  atacamite. 
Both  the  chlorides  of  copper  form  double  salts  with  the  chlorides  of  the 
alkali-metals. 
31 
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Cuprons  Hydride,  Cuall,.— When  a  solution  of  cupric  sulphate  is 
heated  to  about  70O,  with  hypophosphorous  acid,  this  compound  is  de- 
posited as  a  yellow  precipitate,  which  soon  turns  red-brown.  It  gives  off 
hydrogen  when  heated,  takes  fire  in  chlorine  gas,  and  is  converted  by 
hydrochloric  acid  into  cuprous  chloride,  with  evolution  of  a  double  quan- 
tity of  hydrogen,  the  acid  giving  up  its  hydrogen  as  well  as  the  copper 
hydride : — 

Cu,H,  +  2HC1  =  Cu,aa  4-  2H,. 

This  reaction  affords  a  remarkable  instance  of  the  union  of  two  atoms  of 
the  same  element  to  form  a  molecule  (see  page  234). 

Copper  Oxides. — ^Two  oxides  of  copper  are  known,  corresponding  with 
the  chlorides  ;  and  a  very  unstable  dioxide  or  peroxide,  CuO„  is  said  to  be 
formed,  as  a  yellowish-brown  powder,  by  the  action  of  hydrogen  dioxide 
on  cupric  hydrate. 

Copper  Monoxide,  Cupric  Oxide,  or  BJack  Oxide  of  Copper,  CuO,  is  pre- 
pared by  calcining  metallic  copper  at  a  red  heat,  with  full  exposure  to  air, 
or,  more  conveniently,  by  heating  the  nitrate  to  redness,  which  then  suffers 
complete  decomposition.  Cupric  salts  mixed  with  caustic  alkali  in  excess 
yield  a  bulky  pale-blue  precipitate  of  hydrated  cupric  oxide,  or  cupric 
hydrate,  CuH^O,  or  CuO.HgO,  whTch,  when  the  whole  is  raised  to  the  boil- 
ing point,  becomes  converted  into  a  heavy  dark-brown  powder :  tliis  also 
is  anhydrous  oxide  of  copper,  the  hydrate  suffering  decomposition,  even 
in  contact  with  water.  The  oxide  prepared  at  a  high  temperature  is  per- 
fectly black  and  very  dense.  Cupric  oxide  is  soluble  in  acids,  and  forms 
a  series  of  very  important  salts,  isomorphous  with  magnesium  salts. 

Cuprous  Oxide,  CujO,  also  called  lied  Oxide  and  Suboxide  of  Copper, -—ThiA 
oxide  may  be  obtained  by  heating  in  a  covered  crucible  a  mixture  of  5 
parts  of  black  oxide  and  4  parts  of  fine  copper  filings ;  or  by  adding  grape 
sugar  to  a  solution  of  cupric  sulphate,  and  then  putting  in  an  excess  of 
caustic  potash  ;  the  blue  solution,  heated  to  ebullition,  is  reduced  by  the 
sugar,  and  dcponits  cuprous  oxide.  This  oxide  often  occurs  in  beautiful 
transparent  ruby-red  crystals,  associated  with  other  ores  of  copper,  and 
can  be  obtained  in  the  same  state  by  artificial  means.  It  communicates  to 
glass  a  magnificent  red  tint,  while  that  given  by  cupric  oxide  is  green. 

Cuprous  oxide  dissolves  in  excess  of  hydrochloric  acid,  forming  a  solu- 
tion of  cuprous  chloride,  from  which  that  compound  is  precipitated  on  dilu* 
tion  with  water.  Most  oxygen  acids,  namely,  sulphuric,  phosphoric,  acetic, 
oxalic,  tartaric,  and  citric  acids,  decompose  cuprous  oxide,  forming  cupric 
salts,  and  separating  metallic  copper ;  nitric  acid  converts  it  into  cupric 
nitrate.  Hence,  there  are  but  few  cuprous  oxygen-salts,  none,  indeed, 
excepting  the  sulphites,  and  certain  double  sulphites  formed  by  mixing  a 
cupric  solution  with  the  sulphite  of  an  alkali-metal,  e,g,,  ammonio- 
cuprous  sulphite,  Cu(NHJSOj,  or  CujCNlIJ/SOs),. 

Cnpric  Ozysalts. — ^The  sulpfiate,  C\lS0^.6l{fi,  commonly  called  blue 
vitriol,  is  prepared  by  dissolving  cupric  oxide  in  sulphuric  acid,  or,  at  less 
expense,  by  oxidizing  the  sulphide.  It  forms  large  blue  triclinic  prisms, 
soluble  in  four  parts  of  cold  and  two  parts  of  boiling  water  ;  when  heated 
to  lOOO  it  readily  loses  four  molecules  of  crystallization-water,  but  the  fifth 
is  retained  with  great  pertinacity,  and  is  expelled  only  at  a  low  red  heat. 
At  a  very  high  temperature,  cupric  sulphate  is  entirely  converted  into 
cupric  oxide,  with  evolution  of  sulphurous  oxide  and  oxygen.  Cuprio 
sulphate  combines  with  the  sulpliates  of  potassium  and  of  ammonium, 
forming  pale-blue  salts,  CuK2(fc>()4)2.Gll20  and  Cu(NUj3j(SOJ,.6ll,0,  iso- 
morphous with  the  oorrespoudiug  magnesium  salts. 
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Cttpnc  Nitratey  Cn(N03)3.3Il20,  is  easily  made  by  dissolving  the  metal 
in  nitric  acid  ;  it  forms  deep  blue  crystals,  very  soluble  and  deliquescent. 
It  is  highly  corrosive.     An  insoluble  basic  nitrate  is  known  ;  it  is  green. 

Cupric  Carbonates. — ^When  sodium  carbonate  is  added  in  excess  to  a  solu- 
tion of  cuprio  sulphate,  the  precipitate  is  at  first  pale-blue  and  flocculent, 
but  by  warming  it  becomes  sandy,  and  assumes  a  green  tint ;  in  this  state  it 
contains  CuCOj.CuHjO,  +  Aq.  This  substance  is  prepared  as  a  pigment. 
The  beautiful  mineral  malachite  has  a  similar  composition,  but  contains  no 
water  of  crystallization,  its  composition  being  CuCO,.CuHgO.,.  Another 
natural  compound,  called  azurite^  not  yet  artificially  imitated,  occurs  in 
large  transparent  crystals  of  the  most  intense  blue :  it  contains  2CuC0j(. 
CuHjO,.  Verditer,  made  by  decomposing  cupric  nitrate  with  chalk,  is  said, 
however,  to  have  a  somewhat  similar  composition. 

Cupric  Arseniie  is  a  bright  green  insoluble  powder,  prepared  by  mixing 
the  solutions  of  a  cupric  salt  with  an  alkaline  arsenite. 

Copper  SuLPHiDKS.^There  are  two  well-defined  copper  sulphides,  analo- 
gous in  composition  to  the  oxides,  and  four  others,  containing  larger  pro- 
portions of  sulphur,  but  of  less  defined  constitution  ;  these  latter  are  pre- 
cipitated from,  solutions  of  cupric  salts  by  potassium  pentasulphide. 

Cupric  Sulphide^  CuS,  occurs  native  as  inditjo  copper  or  covelUn,  in  soft 
bluish-black  hexagonal  plates  and  spheroidal  masses,  and  is  produced 
artificially  by  precipitating  cupric  salts  with  hydrogen  sulphide. 

Cuprous  Sulphide  J  Cu^S,  occurs  native  as  copper-glance  or  r&Jruthitef  in  lead- 
gray  hexagonal  prisms,  belonging  to  the  rhombic  system ;  it  is  produced 
artificially  by  the  combustion  of  copper-foil  in  sulphur  vapor,  by  igniting 
cuprio  oxide  with  sulphur,  and  by  other  methods.  It  is  a  powerful  sul- 
phur-base, uniting  with  the  sulphides  of  antimony,  arsenic,  and  busmuth, 
to  form  several  natural  minerals.  The  several  varieties  of  fahl-oro,  or 
tetrahedrite,  consist  of  cuprous  sulphantimonite  or  sulpharsenite,  in  which 
the  copper  is  more  or  less  replaced  by  equivalent  quantities  of  iron,  zinc, 
silver,  and  mercury.  The  important  ore,  called  copper-pyrites^  is  a  cuproso- 
ferric  sulphide,  Cu^Fe'^Sj  or  CujS.FejpSj,  occurring  in  tetrahedral  crystals 
of  the  quadratic  system,  or  in  irregular  masses.  Another  species  of  copper 
and  iron  sulphide,  containing  various  proportions  of  the  two  metals,  occurs 
native,  as  purple  copper  or  erubescitCf  in  cubes,  octohedrons,  and  other  mono- 
metrio  forms. 

Ammoiilacal  CoppeT'Compotuids. — ^The  chlorides,  sulphate,  ni- 
trate, and  other  salts  of  copper,  unite  with  one  or  more  molecules  of  am- 
monia, forming,  for  the  most  part,  crystalline  compounds  of  blue  or  green 
color,  some  of  which  may  be  regarded  as  salts  of  metallanunoniums  (p. 
319).  Thus  cupric  chloride  forms  with  ammonia,  the  compounds,  2NH3. 
CuCl,,  4NH2.CuClg,  and  ONHj.CuCU,  the  first  of  which  may  be  formulated 
as  cupro-diammonium  chloride,  (N,II^Cu")Clg.  Cuprio  sulphate  forms,  in  like 
manner,  cupro-diammonium  sulphate  (N2HgCu'')S04,  which  is  a  deep  blue 
crystalline  salt.  Cuprous  iodide  forms  with  ammonia  the  comi>ouud, 
4NH,.Cu,I,. 

Caustic  potash  gives  with  cupric  salts  a  pale  blue  precipitate  of  cuprio 
hydrate,  changing  to  blackish-brown  anhydrous  oxide  on  boiling. — Am- 
monia also  throws  down  the  hydrate ;  but,  when  in  excess,  redissolves  it, 
yielding  a  deep  purplish-blue  solution  .-^Jb^ossium  and  sodium  carbonates 
give  pale  blue  precipitates  of  cupric  carbonate,  insoluble  in  excess. — Am- 
monium carbonate  the  same,  but  soluble  with  deep  blue  color. — Potassium 
/errocyanide  gives  a  fine  red-brown  precipitate  of  cuprio  ferrocyauide. — 
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Htfdrogen  suJphule  and  ammonium  sulphide  afford  black  capric  sulphide,  in- 
soluble in  anuuonlum  sulphide. 


The  alloys  of  copper  are  of  great  im]X)rtance.  Brass  consists  of  copper 
alloyed  with  from  28  to  34  per  cent,  of  zinc ;  the  latter  may  be  added  directly 
to  the  melted  copper,  or  granulated  copper  may  be  heated  with  calamine 
and  charcoal-powder,  as  in  the  old  process.  Gtm-metal,  a  most  valublo 
alloy,  consists  of  90  parts  copper  and  10  tin.  Bell  and  speculum  metal  con> 
tain  a  still  larger  proportion  of  tin ;  these  are  brittle,  especially  the  last 
named.  A  good  bronze  for  statues  is  made  of  91  parts  copper,  2  parts  tin, 
G  x>Arts  zinc,  and  1  part  lead.  The  brass  or  bronze  of  the  ancients  is  aii 
alloy  of  copper  with  tin,  often  also  containing  lead,  and  sometimes  zinc. 


MERCITRT. 

Atomic  weight,  200.    Symbol,  Hg  (Hj'drargyrum). 

This  very  remarkable  metal,  sometimes  called  quicksilver,  has  been 
known  from  early  timc^,  and  perhaps  more  than  all  others  has  excited 
the  attention  and  curiosity  of  experimenters,  by  reason  of  its  peculiar 
physical  properties.  Mercury  is  of  great  importance  in  several  of  the 
arts,  and  enters  into  the  comi)08ition  of  many  valuable  medicaments. 

Metallic  mercury  is  occasionally  met  with  in  globules  disseminated 
through  the  native  sulphide,  which  is  the  ordinary  ore.  This  latter 
substance,  sometimes  called  cinnabar,  is  found  in  considerable  quantity  in 
several  localities,  of  which  the  most  celebrated  are  Almaden  in  Spain, 
and  Idria  in  Austria.  Only  recently  it  has  been  discovered  in  great 
abundance,  and  of  remarkable  purity,  in  California  and  Australia.  The 
metal  is  obtained  by  heating  the  sulphide  in  an  iron  retort  with  lime  or 
scraps  of  iron,  or  by  roasting  it  in  a  furnace,  and  conducting  the  vapors 
into  a  large  chamber,  where  the  mercury  is  condensed,  while  the  sul- 
phurous acid  is  allowed  to  escape.  Mercury  is  imported  into  this  country 
in  bottles  of  hammered  iron,  containing  seventy-five  pounds  each,  and  in 
a  state  of  considerable  purity.  When  purchased  in  smaller  quantities,  it 
is  sometimes  found  adulterated  with  tin  and  lead,  which  metals  it  dis- 
solves to  some  extent  without  much  loss  of  fluidity.  Such  admixture  may 
be  known  by  the  foul  surface  the  mercury  exhibits  when  shaken  in  a 
bottle  containing  air,  and  by  the  globules,  when  made  to  roll  upon  the 
table,  leaving  a  train  or  tail. 

Mercury  has  a  nearly  silver-white  color,  and  a  very  high  degree  of 
lustre  :  it  is  liquid  at  all  ordinary  temperatures,  and  solidifies  only  when 
cooled  to  — 40O.  In  this  state  it  is  soft  and  malleable.  At  350O  C.  (6G20 
F.)  it  boils,  and  yields  a  transparent,  colorless  vapor,  of  great  density. 
The  metal  volatilizes,  however,  to  a  sensible  extent  at  all  temperatures 
alwvo  190  or  21o  C.  (G6.20  or  69.80  F.)  ;  below  this  point  its  volatility  is 
imperceptible.  The  volatility  of  mercury  at  the  boiling  heat  is  much 
retarded  by  the  presence  of  minute  quantities  of  lead  or  zinc.  The 
specific  gravity  of  mercury  at  15.50  C.  (60O  F.)  is  13.59  ;  that  of  frozen 
mercury  about  14,  great  contraction  taking  place  in  the  act  of  solidifica- 
tion. 

Pure  mercury  is  quite  unalterable  in  the  air  at  common  temperatures, 
but  when  heated  to  near  its  boiling  point,  it  slowly  absorbs  oxygen,  and 
becomes  converted  into  a  crystalline  dark-red  powder,  which  is  the  highest 
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oxide.  At  a  dull  red  heat  this  oxido  is  again  decompose<l  into  its  con- 
stituents. Hydrochloric  acid  has  little  or  no  action  on  mercury,  and  tlio 
same  may  he  said  of  sulphuric  acid  in  a  diluted  state  :  when  the  latter  is 
concentrated  and  hoiling  hot,  it  oxidizes  the  metal,  converting  it  into 
mercuric  sulphate,  with  evolution  of  sulphurous  oxide.  Nitric  acid,  even 
dilute  and  in  the  cold,  dissolves  mercury  freely,  with  evolution  of  nitrogen 
dioxide. 

The  ohserved  vapor-density  of  mercury  referred  to  air  as  unity  is  6.7 ; 
this  referred  to  hydrogen  is  nearly  100  ;*  that  is  to  say,  half  the  atomic 
weight  of  the  metal :  consequently  the  atom  of  mercury,  like  that  of 
cadmium,  occupies  in  the  gaseous  state  twice  the  volume  of  an  atom  of 
hydrogen  (see  page  228). 

Mercury  forms  two  series  of  compounds,  namely,  the  mercuric  com- 
pounds, in  which  it  is  bivalent,  as  HgCl,,  HgO,  HgSO^,  etc.,  and  the 
mercurous  compounds,  in  which  it  is  apparently  univalent,  as 
Hg,Cl„  HgjO,  etc.  These  compounds  are  analogous  in  constitution  to  the 
cupric  and  cuprous  compounds ;  and  the  mercurous  compounds,  like  the 
latter,  are  easily  converted  into  mercuric  compounds  by  the  action  of 
oxidizing  agents,  which  remove  one  atom  of  mercury ;  but  they  are,  on 
the  whole,  much  more  stable  than  the  cuprous  compounds. 

Mercury  Chlorides. — Mercuric  ddoridcy  HgCl,,  commonly  called  Cor- 
rosive Sublimate. — ^This  compound  may  be  obtained  by  several  different 
processes  :  (1)  When  metallic  mercury  is  heated  in  chlorine  gas,  it  takes 
fire  and  burns,  producing  this  substance.  (2)  It  may  be  made  by  dis- 
solving mercuric  oxide  in  hot  hydrochloric  acid,  crystals  of  corrosive  sub- 
limato  then  separating  on  cooling.  (3)  Or,  more  economically,  by  sub- 
liming a  mixture  of  equal  parts  of  mercuric  sulphate  and  dry  common 
salt ;  and  this  is  the  plan  generally  followed.  The  decomposition  is 
represented  by  the  equation  : — 

HgSO^  +  2NaCl  =  HgCl,  -f-  Na^SO^ . 

Sublimed  mercuric  chloride  forms  a  white  transparent  crystalline  mass, 
of  specific  gravity  5.43 ;  it  melts  at  2G50  C.  (509O  F.),  boils  at  2950  C. 
(56^  F.),  and  volatilizes  somewhat  more  easily  than  calomel,  even  at 
ordinary  temperatures.  Its  observed  vapor-density,  referred  to  hydrogen 
as  unity,  is  140 :  and  the  density  calculated  from  the  formula  HgCl,,  sup- 
posing that  the  molecule  occupies  the  same  space  as  a  molecule  or  two 

200  -f  2  X  35.5 
atoms  of  hydrogen,  p.  228,  is  o =  135.5  ;    the  near  agree- 
ment of  this  number  with  the  observed  result  shows  that  the  vapor  is  in 
the  normal  state  of  condensation. 

Mercuric  chloride  dissolves  in  16  parts  of  cold  and  3  parts  of  boiling 
water,  and  crystallizes  from  a  hot  solution  in  long  white  prisms.  Alcohol 
and  ether  also  dissolve  it  with  facility  ;  the  latter  even  withdraws  it  from 
a  watery  solution. 

Mercuric  chloride  combines  with  a  great  number  of  other  metallic  chlo- 
rides, forming  a  series  of  beautiful  double  salts,  of  which  the  ancient  sal 
cJejobroth  may  be  taken  as  a  good  example :  it  contains  HgCl2.2NH4Cl.H2O. 
Corrosive  sublimate  absorbs  ammoniacal  gas  with  great  avidity,  generating 
the  oomx)ound  HgCl2.NH5. 

Mercuric  chloride  forms  several  compounds  with  mercuric  oxide.  These 
are  produced  by  several  processes,  as  when  an  alkaline  carbonate  is  added 
in  varying  proportions  to  a  solution  of  mercuric  chloride.     They  differ 
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greatly  in  color  and  physical  character,  and  are  mostly  decomposed  by 
water. 

Mercuric  chloride  forms  insoluble  compounds  with  many  of  the  azotized 
organic  principles,  as  albumin,  etc.  It  is  perhaps  to  this  property  that  its 
strong  antiseptic  properties  are  due.  Animal  and  vegetable  substances 
are  preserved  by  it  from  decay,  as  in  Kyan's  method  of  preserving  timber 
and  cordage.  Albumin  is  on  this  account  an  excellent  antidote  to  corrosive 
sublimate  in  cases  of  poisoning. 

Mercurous  Chloride,  IlgjCl,,  commonly  called  Calomel.  This  very  important 
substance  may  be  easily  and  well  prepared  by  pouring  a  solution  of  mer- 
curous nitrate  into  a  large  excess  of  dilute  solution  of  common  salt,  it 
falls  as  a  dense  white  precipitate,  quite  insoluble  in  water ;  it  must  be 
thoroughly  washed  with  boiling  distilled  water,  and  dried.  Calomel  is, 
however,  generally  procured  by  another  and  more  complex  process.  Dry 
mercuric  sulphate  is  rubbed  in  a  mortar  with  as  much  metallic  mercury 
as  it  already  contains,  and  a  quantity  of  common  salt,  until  the  globules 
disappear,  and  an  uniform  mixture  has  been  produced.  This  is  subjected 
to  sublimation,  and  the  vapor  of  the  calomel,  being  carried  into  an  atmo- 
sphere of  steam,  or  into  a  chamber  containing  air,  is  thus  condensed  in  a 
minutely  divided  state,  and  the  laborious  process  of  pulverization  of  the 
sublimed  mass  is  avoided.     The  reaction  is  thus  explained  : 

HgSO^  +  Eg  +'2NaCl  =  Hg,Cl,  +  Na,SO^. 

Pure  calomel  is  a  heavy,  white,  insoluble  tasteless  powder :  it  rises  in 
vapor  at  a  temperature  below  redness,  and  is  obtained  by  ordinary  subli- 
mation as  a  yellowish-white  crystalline  mass.  It  is  as  insoluble  in  cold 
dilute  nitric  acid  as  silver  chloride  ;  boiling-hot  strong  nitric  acid  oxidizes 
and  dissolves  it.  Calomel  is  instantly  decomposed  by  an  alkali,  or  by 
lime-water,  with  production  of  mercurous  oxide.  It  is  sometimes  apt  to 
contain  a  little  mercuric  chloride,  which  would  be  a  very  dangerous  con- 
tamination in  calomel  employed  for  medical  purposes.  This  is  easily  dis- 
covered by  boiling  with  water,  filtering  the  liquid,  and  adding  caustic 
potash.     Any  corrosive  sublimate  is  indicated  by  a  yellow  precipitate. 

The  observed  vapor-density  of  calomel  referred  to  hydrogen  as  unity,  is 
119.2.  Now  the  forihula  Hg2Cl«,  if  it  represents  a  molecule  occupying  in 
the  gaseous  state  two  volumes  (t.  e.,  twice  the  volume  of  an  atom  of  hydro- 
gen, p.  228),  would  give  a  density  nearly  double  of  this  :  for 

400+  2x35.5 

-^-2^^^^ =  235.5. 

Hence  it  might  bo  inferred  that  the  composition  of  calomel  should  rather 
be  represented  by  the  simpler  formula  HgCl,  which  would  give  for  the 
vapor-density  the  number  117.75.  The  frequent  decomposition  of  mercur- 
ous salts  into  mercuric  salts  and  free  mercury  is  however  in  favor  of  the 
supposition  that  their  molecules  contain  two  atoms  of  mercury :  and  the 
anomaly  in  the  vapor-volume  of  calomel  may  be  explained  by  supposing 
that  the  vapor  of  this  compound,  like  that  of  many  others,  undergoes  at 
high  temperatures  the  change  known  as  dissociation  (p.  230),  the  two 
volumes  of  mercurous  chloride,  HgjClj,  being  resolved  into  two  volumes  of 
mercuric  chloride,  UgClg,  and  two  volumes  of  mercury,  Hg.  This  suppo- 
sition is,  to  some  extent,  warranted  by  the  observation  that  calomel  vapor 
amalgamates  gold-leaf,  and  that  corrosive  sublimate  may  be  detected  in 
resublimed  calomel. 

Iodides. — Mercuric  iodide,  Hgl„  is  formed,  when  solution  of  potassium 
lodiUe  is  mixed  with  mercuric  chloride,  as  a  precipitate  which  is  at  first 
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yellow,  but  in  a  few  moments  changes  to  a  most  brilliant  scarlet,  this 
color  being  retained  on  drying.  This  is  the  neutral  iodide :  it  may  be 
made,  although  of  rather  duller  tint,  by  triturating  equivalent  quantities 
of  iottine  and  mercury  with  a  little  alcohol.  In  preparing  it  by  precipita- 
tion, it  is  better  to  weigh  out  the  proper  proportions  of  the  two  salts,  as 
the  iodide  is  soluble  in  an  excess  of  either,  more  especially  in  excess  of 
potassium  iodide.  Mercuric  iodide  exhibits  a  very  remarkable  case  of 
dimorphism,  attended  with  difference  of  color,  which  is  red  or  yellow,  ac- 
cording to  the  figure  assumed.  Thus,  when  the  iodide  is  suddenly  exposed 
to  a  high  temperature,  it  becomes  bright  yellow  throughout,  and  yields  a 
copious  sublimate  of  minute  but  brilliant  yellow  crystals.  If  in  tliis  state 
it  be  touched  by  a  hard  body,  it  instantly  becomes  red,  and  the  same 
change  happens  spontaneously  after  a  certain  lapse  of  time.  On  the  other 
hand,  by  a  yery  slow  and  careful  heating,  a  sublimate  of  red  crystals, 
having  a  totally  different  form,  may  be  obtained,  which  are  permanent. 
The  same  kind  of  change  happens  with  the  freshly  precipitated  iodide,  tlie 
jellow  crystals  first  formed  breaking  up  in  a  few  seconds,  from  the  passage 
of  the  salt  to  the  red  modification. 

Mercuric  iodide  forms  double  salts  with  the  more  basic  or  positive  metallic 
iodides,  as  those  of  the  alkali-metals  and  alkaline  earth-metals  ;  thus  it 
dissolves  in  aqueous  potassium-iodide,  and  the  hot  solution  deposits,  on 
cooling,  crystals  of  potassio-mercuric  iodide,  2(KI.Hgl2).3H,0.  They  are 
decomposed  by  water,  with  separation  of  about  half  the  mercuric  iodide, 
the  solution  then  containing  the  salt,  2KI.Hgl2,  which  remains  as  a  saline 
mass  on  evaporation. 

Afercurotu  Iodide,  Hg^I,,  is  formed  when  a  solution  of  potassium  iodide  is 
added  to  mercurous  nitrate :  it  then  separates  as  a  dirty  yellow,  insoluble 
precipitate,  with  a  tinge  of  green.  It  may  also  be  prepared  by  rubbing 
mercury  and  iodine  together  in  a  mortar  in  the  proportion  of  1  atom  of  the 
former  to  1  atom  of  the  latter,  the  mixture  being  moistened  from  time  to 
time  with  alcohol. 

Oaddes. — yfonoxide,  or  Mercuric  Oxide,  HgO,  commonly  called  Red  Oxide 
of  Mercurif,  or  Red  PrecipitcUe, — ^There  are  numerous  methods  by  which  this 
compound  may  be  obtained.  The  following  may  be  cited  as  the  most  im- 
portant :  (1)  By  exposing  mercury  in  a  glass  flask  with  a  long  narrow 
neck,  for  several  weeks,  to  a  temperature  approaching  3150  C.  (600O  F.). 
The  product  has  a  dark  red  color,  and  is  highly  crystalline  ;  it  is  the  red 
precipitate  of  the  old  writers.  (2)  By  cautiously  heating  any  of  the  mer- 
curic or  mercurous  nitrates  to  complete  decomposition,  whereby  the  acid  is 
decomposed  and  expe^ed,  oxidizing  the  metal  to  a  maximum,  if  it  hapjK^ns 
to  be  in  the  state  of  mercurous  salt.  The  product  thus  obtained  is  also 
crystalline  and  very  dense,  but  has  a  much  paler  color  than  the  preceding  ; 
while  hot,  it  is  nearly  black.  It  is  by  this  method  that  the  oxide  is  gene- 
rally prepared  ;  it  is  apt  to  contain  undecomposed  nitrate,  which  may  be 
discovered  by  strongly  heating  a  portion  in  a  test-tube  :  if  red  fumes  are 
produced,  or  the  odor  of  nitrous  acid  exhaled,  the  oxide  has  been  insuffi- 
ciently heated  in  the  process  of  manufacture.  (3)  By  adding  caustic  pot- 
ash in  excess  to  a  solution  of  corrosive  sublimate,  by  which  a  bright  yellow 
precipitate  of  mercuric  oxide  is  thrown  down,  which  differs  from  the  fore- 
going preparations  merely  in  being  destitute  of  crystalline  texture  and 
much  more  minutely  divided.     It  must  be  well  washed  and  dried. 

Mercuric  oxide  is  slightly  soluble  in  water,  communicating  to  the  latter 
an  alkaline  reaction  and  metallic  taste :  it  is  highly  poisonous.  When 
strongly  heated,  it  is  decomposed,  as  before  observed,  into  metallic  mercury 
and  oxygen  gas. 
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Afercurous  OxitUy  Hg,0  :  Suboxide,  or  Gray  Oxide  of  Mercury. — ^Tliis  oxide 
is  easilj  prepared  by  adding  caustic  potash  to  mercuroos  nitrate,  or  by 
digesting  calomel  in  solution  of  caustic  alkali.  It  is  a  dark-gray,  nearly 
black,  heavy  powder,  insoluble  in  water,  slowly  decomposed  by  the  action 
of  light  into  metallic  mercury  and  red  oxide.  The  preparations  known  in 
pharmacy  by  the  names  blue  pill,  gray  ointment,  mercury  with  chalk,  etc., 
often  supposed  to  owe  their  efficacy  to  this  substance,  merely  contain  the 
finely-divided  metal. 

Mercury  Nitrates. — ^Nitric  acid  varies  in  its  action  upon  mercury, 
according  to  the  temperature.  When  cold  and  somewhat  diluted,  it  forms 
only  mercurous  salts,  and  these  are  neutral  or  basic— «.  e.,  oxynitrates 
(p.  286) — as  the  acid  or  the  metal  happens  to  be  in  excess.  When,  on  the 
contrary,  the  nitric  acid  is  concentrated  and  hot,  the  mercury  is  raised  to 
its  highest  state  of  oxidation,  and  a  mercuric  salt  is  produced.  Both 
classes  of  salts  are  apt  to  be  decomposed  by  a  large  quantity  of  water, 
giving  rise  to  insoluble,  or  sparingly  soluble,  basic  compounds. 

Mercuric  Nitrates, — By  dissolving  mercuric  oxide  in  excess  of  nitric  acid, 
and  evaporating  gently,  a  syrupy  liquid  is  obUined,  which,  inclosed  in  a 
bell-jar  over  lime  or  sulphuric  acid,  deposits  bulky  crystals  and  crystal- 
line crusts,  both  having  the  composition  2Hg(N0j)2.H,0.  The  same  sub- 
stance is  deposited  from  the  syrupy  liquid  as  a  crystalline  powder  by 
dropping  it  into  concentrated  nitric  acid.  The  syrupy  liquid  itself  appears 
to  be  a  definite  compound,  containing  HgCNO,),.!!,©.  By  saturating  hot 
dilute  nitric  acid  with  mercuric  oxide,  a  salt  is  obtained  on  cooling,  which 
crystallizes  in  needles,  permanent  in  the  air,  containing  Hg(KO,),.HgO.H,0. 
The  preceding  crystallized  salts  are  decomposed  by  water,  with  production 
of  compounds  more  and  more  basic  as  the  washing  is  prolonged,  or  the 
temperature  of  the  water  raised. 

Mercurous  Nitrate,  (Hgg)(N05),.2HjO,  forms  large  colorless  crystals  soluble 
in  a  small  quantity  of  water  without  decomx)osition ;  it  is  made  by  dis- 
solving mercury  in  an  excess  of  cold  dilute  nitric  acid. 

When  excess  of  mercury  has  been  employed,  a  finely  crystallized  basic 
salt  is  deposited  after  some  time,  containing  (Hg2)(N03)2.2Hg20.3H,0,  or 
3Hg2O.N3Og.3H2O  ;  this  is  also  decomposed  by  water.  The  two  salts  are 
easily  distinguished  when  rubbed  in  a  mortar  with  a  little  sodium  chloride; 
the  neutral  compound  gives  sodium  nitrate  and  calomel ;  the  basic  salt, 
sodium  nitrate  and  a  black  compound  of  calomel  with  mercurous  oxide. 
A  black  substance,  called  Hahnemann's  soluble  mercury,  is  produced  when 
ammonia  in  small  quantity  is  dropped  into  a  solution  of  mercurous  nitrate : 
it  contains  2NH3.3Hg2O.N2O5,  or,  according  to  Kane,  2NH5.2Hg20.N,05 ;  the 
composition  of  this  preparation  evidently  varies  according  to  the  tempera- 
ture and  the  concentration  of  the  solutions. 

Mercnry  Sulphates. — Mercuric  Sulphate,  HgSO^,  is  readily  prepared 
by  boiling  together  oil  of  vitriol  and  metallic  mercury  until  the  latter  is 
wholly  converted  into  a  heavy  white  crystalline  powder,  which  is  the  salt 
in  question  ;  the  excess  of  acid  is  then  removed  by  evaporation  carried  to 
perfect  dryness.  Equal  weights  of  acid  and  metal  may  be  conveniently 
employed.  Water  decomposes  the  sulphate,  dissolving  out  an  acid  salt, 
and  leaving  an  insoluble,  yellow,  basic  comiwund,  formerly  called  turpilh, 
or  turbeth  mineral,  containing,  according  to  Kane*s  analysis,  HgS04.2HgO, 
or  SHgO.SOj.  Long-continued  washing  with  hot  water  entirely  removes 
the  remaining  acid,  and  leaves  pure  mercuric  oxide. 

Mercurous  Sulphate,  HgjSO^,  falls  as  a  white  crystalline  powder  when  sul- 
phuric acid  is  added  to  a  solution  of  mercurous  nitrate :  it  is  but  slightly 
soluble  in  water. 
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Mercury  Bulphides. — Mercuric  Sulphide^  HgS,  occurs  native  as  cinna- 
bar, a  duli-re<l  mineral,  which  is  the  most  important  ore  of  mercury. 
Hydrogen  sulphide  passed  in  small  quantity  into  a  solution  of  mercuric 
nitrate,  or  chloride,  forms  a  white  precipitate,  wiiich  is  a  compound  of 
mercuric  sulphide  with  the  salt  itself.  An  excess  of  the  gas  converts  the 
whole  into  sulphide,  the  color  at  the  same  time  changing  to  black.  When 
this  black  sulphide  is  sublimed,  it  becomes  dark-red  and  crystalline,  but 
undergoes  no  change  of  composition  :  it  is  then  cinnabar  or  vermilion.  Mer- 
curic sulphide  is  most  easily  prepared  by  subliming  an  intimate  mixture 
of  6  parts  of  mercury  and  1  part  of  sulphur,  and  reducing  the  resulting 
cinnabar  to  very  fine  powder,  the  beauty  of  the  tint  depending  much 
upon  the  extent  to  which  division  is  carried.  The  red  or  crystalline  sul- 
phide may  also  be  formed  directly,  without  sublimation,  by  heating  the 
black  precipitated  substance  in  a  solution  of  potassium  pentasulphide ; 
the  mercuric  sulphide  is,  in  fact,  soluble  to  a  certain  extent,  in  the  alka- 
line sulphides,  and  forms  with  them  crystalllzable  compounds. 

When  vermilion  is  heated  in  the  air,  it  yields  metallic  mercury  and 
sulphurous  oxide  :  it  resists  the  action  both  of  caustic  alkalies  in  solution, 
and  the  strong  mineral  acids,  even  nitric,  and  is  attacked  only  by  nitro- 
muriatic  acid. 

Mercarous  sulphide,  HgjS,  is  obtained  by  passing  hydrogen  sulphide  into 
a  solution  of  mercurous  nitrate,  as  a  black  precipitate,  which  is  resolved 
at  a  gentle  heat  into  mercuric  sulphide  and  metallic  mercury. 

Ammonlacal  Mercnry  Compoonds. — Merourammonlum  Salta. 

— By  the  action  of  ammonia  and  its  salts  on  mercury  compounds,  a  variety 
of  sulistances  are  formed  which  may  be  regarded  as  salts  of  mercurammo- 
nluius — ^that  is,  of  ammonium-molecules  in  which  the  hydrogen  is  more 
or  less  replaced  by  mercury,  in  the  proportion  of  100  or  200  parts  of  mer- 
cnry to  1  part  of  hydrogen,  according  as  the  compound  is  formed  from  a 
mercuroos  or  a  mercurio  salt.  The  following  are  the  most  important  of 
these  compounds  : — 

Mercuric  Compounds . — Mercuro-diammonium chioride,  (NjH,Hg")Clj, 
known  in  pharmacy  z&  fusible  white  precipitate^  is  produced  by  adding  potash 
to  a  solation  of  ammonio-mercurio  chloride,  (2NH4Cl.HgClg),  or  by  drop- 
ping solution  of  mercuric  chloride  into  a  boiling  solution  of  sal-ammoniac 
containing  free  ammonia,  as  long  as  the  resulting  precipitate  redissolves  ; 
it  then  separates  on  cooling  in  regular  dodecahedrons.  At  a  gentle  heat 
it  gives  off  ammonia,  leaving  a  chloride  of  mercurammonium  and  hydro- 
gen, (NU,Hg")Cl.HCl : 

N,HeHg"Cl,  =  NHjHg^Cl,  -f  NH,. 

Mercurammonium  chloride,  (NH^Hg'OCl.— This  salt,  known  in  pharmacy 
as  infusible  white  precipitate,  is  formed  by  adding  ammonia  to  a  solution  of 
mercuric  chloride.  When  first  produced,  it  is  bulky  and  white,  but  by 
contact  with  hot  water,  or  by  much  washing  with  cold  ™ter,  it  is  con- 
verted into  hydrated  dimercurammonium  chloride,  Nng"jCl.H2(). 

Trimercuro-diammonium  nitrate,  (NaH,Hg"8)(NOs)j.2H,0,  is  formed  as  a 
white  precipitate,  on  mixing  a  dilute  and  yqtj  acid  solution  of  mercuric 
mtrate  with  very  dilute  ammonia. 

Trimercuro-diamine,  NjHg".,,  a  compound  derived  from  a  double  molecule 
of  ammonia,  N,H„  by  substitution  of  3  atoms  of  bivalent  mercury  for  6 
atoms  of  hydrogen,  is  formed  by  passing  dry  ammonia  gas  over  dry  preci- 
pitated mercuric  oxide ; 

3HgO  +  2NH,  »  N,Hg,  +  3H,0. 
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The  excess  of  oxide  being  removed  bj  nitric  acid,  the  trimercnro-diamine 
is  obtained  as  a  dark  brown  powder,  which  explodes  hy  heat,  friction, 
percussion,  or  contact  with  oil  of  vitriol,  almost  as  violently  as  nitrogen 
chloride. 

Dimercurammonium  chloride,  NHg'',Cl.H,0,  is  obtained,  as  already  ob- 
served, by  boiling  mercurodiammonium  chloride  (infosible  white  precipi- 
tate) with  water.  It  is  a  heavy,  granular,  yellow  powder,  which  turns 
white  again  when  treated  with  sal-ammoniac. 

Dimercurammonium  iodide^  NUg",I.U,0. — ^This  compound  may  be  formed 
by  digesting  the  corresponding  chloride  in  a  solution  of  potassium  iodide  ; 
or  by  heating  mercuric  iodide  with  excess  of  aqueous  ammonia  : 

2HgI,  -f  4NH,  +  H,0  =  NHg",I.H,0  -f  3NHJ ; 

also  by  passing  ammonia  gas  over  mercuric  oxy-iodide : 

Hg,I,0,  +  2NH,  «=  2(NHg",I.H,0)  +  H,0; 

and,  lastly,  by  adding  ammonia  to  a  solution  of  potassio-mercurio  iodide 
mixed  with  caustic  potash : 

2(2KI.Hgy  +  NH,  +  3KH0  =  NHg'y.H^O  +  7KI  +  2H,0. 

This  last  reaction  affords  an  extremely  delicate  test  for  ammonia.  A  solu- 
tion of  potassio-mercurio  iodide  is  prepared  by  adding  i>otassium  iodide  to 
a  solution  of  corrosive  sublimate,  till  a  portion  only  of  the  resulting  red 
precipitate  is  redissolved,  then  filtering,  and  mixing  the  filtrate  with 
caustic  potash.  The  liquid  thus  obtained  forms,  with  a  very  small  quan- 
tity of  ammonia,  either  free  or  in  the  form  of  an  anmioniacal  salt,  a  brown 
precipitate,  soluble  in  excess  of  potassium  iodide.  This  is  called  Nesler's 
test  for  ammonia. 

Dimercurammonium  Hydroxide,  NHg'^^CHO). — ^This  compound  is  formed  by 
treating  precipitated  mercuric  oxide  with  aqueous  ammonia,  or  by  treating 
either  of  the  dimercurammonium  salts  with  a  caustic  alkali.  It  is  a  brown 
powder,  which  dissolves  in  acids,  yielding  salts  of  dimercurammonium. 

Dimercurammonium  Sulphate,  (NHg"])!^^**"^^!^?  formerly  called  ammonia" 
col  turpethum,  is  prepared  by  dissolving  mercuric  sulphate  in  ammonia,  and 
precipitating  the  solution  with  water.  It  is  a  heavy  white  powder,  yel- 
lowish when  dry,  resolved  by  heat  into  water,  nitrogen,  ammonia,  and 
mercurous  sulphate. 

Mercurons  Compounds.— 3fcrcttro«im»M»?itfin  Chloride^  NHjHg'Cl,  is 
the  black  precipitate  formed  when  dry  calomel  is  exposed  to  the  action  of 
ammonia  gas.  When  exposed  to  the  air,  it  gives  off  ammonia  and  leaves 
white  mercurons  chloride.  —  Dimercurosammonium  chloride,  NH^Hg'jCl,  is 
formed,  t<^ether  with  sal-ammoniac,  by  digesting  calomel  in  aqueous  am- 
monia : 

•  HgjCl,  +  2NH3  =  NH,Hg,a  +  NH.Cl. 

It  is  grtij  when  dry,  and  is  not  altered  by  boiling  water. — DtmercuroMtm- 
monium  nitrate,  2(NH2ng2)N03.H20.  This,  according  to  Kane,  is  the  com- 
position of  the  velvet-black  precipitate  known  as  Hahnemann's  soluble 
mercury,  which  is  produced  on  adding  ammonia  to  a  solution  of  mercurous 
nitrate.  According  to  C.  G.  Mitsoherlich,  on  the  other  hand,  the  precipi- 
tate thus  formed  has  the  composition  2NH,.N,0^.3Hg,0,  which  is  that  of  a 
hydrated  trimercurosammonium  nitrate,  2(NHHg2)NO,.2HjO. 
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Reactions  of  Mercury  Salts. — ^All  mercury  componnds  are  volatilized  or 
decomposed  by  a  temperature  of  ignition :  thoHe  which  fail  to  yield  the 
metal  by  simple  heating  may,  in  all  cases,  be  made  to  do  so  by  heating  in 
a  test-tube  with  a  little  dry  sodium  carbonate.  The  metal  is  precipitated 
from  ita  soluble  combinations  by  a  plate  of  copper,  and  also  by  a  solution 
of  stannous  chloride  used  in  excess. 

Hydrogen  sulphide,  and  Ammonium  sulphide,  produce  in  solutions,  both  of 
mercuric  and  of  merourous  salts,  black  precipitates  insoluble  in  ammo- 
nium sulphide.  In  mercuric  salts,  however,  if  the  quantity  of  tbe  reagent 
added  is  not  sufficient  for  complete  decomposition,  a  white  precipitate  is 
formed,  consisting  of  a  compound  of  mercuric  sulphide  with  the  original 
salt,  and  often  colored  yellow  or  brown  by  excess  of  mercuric  sulphide. 
An  excess  of  hydrogen  sulphide,  or  ammonium  sulphide,  Instantly  turns 
the  precipitate  black.  This  reaction  is  quite  characteristic  of  mercuric 
salts. 

Meroaric  salts  are  further  distinguished  by  forming  a  yellow  pre- 
cipitate with  caustic  potash  or  soda;  white  with  ammonia  or  ammonium  car- 
bonate^  insoluble  in  excess  ;  red-brown  with  potassium  or  sodium  carbonate* 
With  potassium  iodide  they  yield  a  bright  scarlet  precipitate,  soluble  in 
excess,  either  of  the  mercuric  salt  or  of  the  alkaline  iodide. 

Merourous  salts  are  especially  characterized  by  forming,  with 
hydrochloric  acid  or  soluble  chlorides,  a  white  precipitate  which  is  turned 
black  by  ammonia.  They  also  yield  black  precipitates  with  caustic  cdka- 
lies;  white  with  alkaline  carbonates,  soon  turning  black ;  greenish-yellow 
with  potassium  iodide. 

Alloys  of  mercury  with  other  metals  are  termed  amalgams:  mercury 
dissolve's  in  this  manner  many  of  the  metals,  as  gold,  silver,  tin,  lead,  etc. 
These  combinations  sometimes  take  place  with  considerable  violence,  as  in 
the  case  of  potassium,  in  which  light  and  heat  are  produced  ;  besides  this, 
many  of  the  amalgams  after  a  while  become  solid  and  crystalline.  The 
amalgam  of  tin  used  in  silvering  looking-glasses,  and  that  of  silver  and 
of  copper,  sometimes  employed  for  stopping  hollow  teeth,  are  examples. 
The  solid  amalgams  appear  to  be,  for  the  most  part,  definite  compounds, 
while  the  liquid  amalgams  may  be  regarded,  in  many  instances,  as  solu- 
tions of  definite  compounds  in  excess  of  mercury,  inasmuch  as,  when  they 
are  pressed  between  chamois  leather,  mercury,  containing  only  a  small 
quantity  of  the  other  metal,  passes  through,  while  a  solid  amalgam,  fre- 
quently of  definite  atomic  constitution,  remains  behind.  A  native  com- 
pound of  mercury  and  silver,  called  '^amalgam"  by  mineralogists,  and 
having  the  composition  AggHg^,  or  AgjHgg,  is  found  crystallized  in  octohe- 
drous,  rhombic  dodecahedrons,  and  other  forms  of  the  regular  system. 
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THALLZUBff. 

Atomic  weight,  204.    Symbol,  Tl. 

This  element  was  discovered  by  Crookes,  in  1861,  in  the  seleniferous 
deposit  of  a  lead-oliamber  of  a  sulphuric  acid  factory  in  the  Hartz  Moun> 
tains,  where  iron  pyrites  is  used  for  the  manufacture  of  sulphuric  acid. 
The  name  is  derived  from  0«\x^c,  ** green,"  because  the  existence  of  this 
metal  was  first  recognized  by  an  intense  green  line,  appearing  in  the  spec- 
trum of  a  flame  in  which  thallium  is  volatilized.  It  was  at  first  suspei'tcd 
to  be  a  metalloid,  but  further  examination  proved  it  to  be  a  true  metal. 
It  was  first  obtained  in  a  distinct  metallic  form  by  Crookes  towards  the 
end  of  the  year  1861,  and  soon  afterwards  by  Lamy,  who  prepared  it  from 
the  deposit  in  the  lead-chamber  of  M.  Kuhlmann,  of  Lille,  where  Belgian 
pyrites  is  employed  for  the  manufacture  of  sulphuric  acid. 

Thallium  appears  to  be  very  widely  diffused  as  a  constituent  of  iron  and 
copper  pyrites,  though  it  never  constitutes  more  than  the  4000th  part  of 
the  bulk  of  the  ores.  It  has  also  been  found  in  lepidolite  from  Moravia, 
in  mica  from  Zinnwald  in  Bohemia,  and  in  the  mother-liquors  of  the  salt 
works  at  Nauheim. 

Thallium  is  most  economically  prepared  from  the  flue-dust  of  pyrites 
burners.  This  substance  is  stirred  up  in  wooden  tubs  with  boiling  water, 
and  the  clear  liquor,  siphoned  off  from  the  deposit,  is  mixed  with  excess 
of  strong  hydrochloric  acid,  which  precipitates  impure  thallium  mono- 
chloride.  To  obtain  a  pure  salt,  this  crude  chloride  is  added  by  small 
portions  at  a  time  to  half  its  weight  of  hot  oil  of  vitriol  in  a  porcelain  or 
platinum  dish,  the  mixture  being  constantly  stirred,  and  the  heat  con- 
tinued till  the  whole  of  the  hydrochloric  acid  and  the  greater  portion  of 
the  excess  of  sulphuric  acid  are  driven  off.  The  fused  acid  sulphate  is 
now  to  be  dissolved  in  an  excess  of  water,  and  an  abundant  stream  of 
hydrogen  sulphide  passed  through  the  solution.  The  precipitate,  which 
may  contain  arsenic,  antimony,  bismuth,  lead,  mercury,  and  silver,  is 
separated  by  filtration,  and  the  filtrate  is  boiled  till  all  free  hydrogen  sul- 
phide is  removed.  The  liquid  is  now  to  be  rendered  alkaline  with  ammo- 
nia, and  boiled :  the  precipitate  of  iron  oxide  and  alumina,  which  gene- 
rally appears  in  this  place,  is  filtered  off;  and  the  clear  solution  evaporated 
to  a  small  bulk.  Thallium  sulphate  then  separates  on  cooling,  in  long, 
clear,  prismatic  crystals. 

Metallic  thallium  may  be  reduced  from  the  solution  of  the  sulphate, 
either  by  electrolysis,  or  by  the  action  of  zinc. 

Thallium  is  a  heavy  metal,  resembling  lead  in  its  phvsical  propeHies. 
Wlien  freshly  cut,  it  exhibits  a  brilliant  metallic  lustre  and  grayish  color, 
somewhat  between  those  of  silver  and  lead,  assuming  a  slight  yellowish 
tint  by  friction  with  harder  bodies.  It  is  very  soft,  being  readily  cut  with 
a  knife,  and  making  a  streak  on  paper  like  plumbago.  It  is  very  malle- 
able, is  not  easily  drawn  into  wire,  but  may  be  readily  squeezed  into  that 
form  by  the  process  technically  called  "squirting."  It  has  a  highly 
crystalline  structure,  and  crackles  like  tin  when  bent.     It  melts  at  2940. 

In  contact  with  the  air,  thallium  tarnishes  more  rapidly  than  lead,  be- 
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coming  coated  with,  a  thin  layer  of  oxide,  which  preserves  the  rest  of  the 
metal. 

The  most  characteristic  property  of  thallium  is  the  bright  green  color 
which  the  metal  or  any  of  its  compounds  impart  to  a  colorless  flame  ;  and 
this  color,  when  viewed  by  the  spectroscope,  is  seen  to  be  absolutely  mono- 
chromatic, appearing  as  one  intensely  brilliant  and  sharp  green  line. 

Thallium  dissolves  in  hydrochloric,  sulphuric,  and  nitric  acids,  the 
latter  attacking  it  very  energetically,  with  copious  evolution  of  red  vapors. 

Thallium  forms  two  classes  of  compounds — ^namely,  the  thallious 
compounds,  in  which  it  is  univalent :  and  the  thallic  compounds, 
in  which  it  is  trivalent.  Thus  it  forms  two  oxides,  Tl^O  and  TljO,,  with 
corresponding  chlorides,  bromides,  iodides,  and  oxygen-salts.  In  some  of 
its  chemical  relations  it  resembles  the  alkali-metals,  forming  a  readily 
soluble  and  highly  alkaline  monoxide,  a  soluble  and  alkaline  carbonate, 
an  insoluble  platinochloride,  a  thallio-almuninic  sulphate,  similar  in  form 
and  oom|>06ition  to  common  potash-alum,  and  several  phosphates  exactly 
analogous  in  composition  to  the  phosphates  of  sodium.  In  most  respects, 
however,  it  is  more  nearly  allied  to  the  heavy  metals,  especially  to  lead, 
which  it  resembles  closely  in  appearance,  density,  melting-point,  speciiio 
heat,  and  electric  conductivity. 

Thallium  Chlorides. — ^Thallium  forms  four  chlorides,  represented  by 
the  formula  TlCl,  Tl4Cl<„  Tl^Cl^,  and  TICI3 ;  the  second  and  third  of  which 
may  be  regarded  as  compounds  of  the  monoehloride  and  trichloride. 

The  Monoehloride  or  Thallious  Chloride,  TlCl,  is  formed  by  direct  combina- 
tion, the  metal  burning  when  heated  in  chlorine  gas  ;  or  as  a  white  cnrdy 
precipitate,  resembling  silver  chloride,  by  treating  the  solution  of  any 
thallious  salt  with  a  soluble  chloride.  When  boiled  with  water  it  dissolves 
like  lead  chloride,  and  separates  in  white  crystals  on  cooling.  It  forms 
double  salts  with  trichloride  of  gold  and  tetrachloride  of  platinum.  The 
platinum  salt,  2TlCl.PtCl4,  separates  as  a  pale  yellow  very  slightly  soluble 
crystalline  powder,  on  adding  platinic  chloride  to  thallious  chloride. 

The  Trichloride  or  Thallic  cfdoride,  TICI3,  is  obtained  by  dissolving  the 
trioxide  in  hydrochloric  acid,  or  by  acting  upon  thallium,  or  one  of  the 
lower  chlorides,  with  a  large  excess  of  chlorine  at  a  gentle  heat.  It  is 
soluble  in  water,  and  separates  by  evaporation  in  a  vacuum  in  hydrated 
crystals  ;  melts  easily,  and  decomposes  at  a  high  temperature.  It  forms 
crystalline  double  salts  with  the  chlorides  of  the  alkali-metals. 

The  Sesquichl&ride,  Tl^Clg  =  TlClj.STlCl,  is  produced  by  dissolving  thal- 
lium or  the  monoehloride  in  nitromuriatic  acid,  and  separates  on  cooling 
in  yellow  crystalline  scales.  By  aqueous  ammonia,  potash,  or  even  by 
thallious  oxide,  it  is  instantly  decomposed  into  sesquioxide  and  monoehlo- 
ride, according  to  the  equation  : 

2T1,CT,  +  3KH0  =  TljO,  +  6T1C1  +  3KCI  +  3HC1. 

.  The  Dichloridey  TX^Cl^  =s  Tiaj.TlCl,  is  formed  by  carefully  heating  thal- 
linm  or  the  monoehloride,  in  a  slow  ciirrent  of  chlorine.     It  is  a  psde  yel- 
low substance  reduced  to  sesquichlor;  1e  by  further  heating. 
The  Bromides  of  thallium  resemble  the  chlorides. 

lodidea. — Thallious  Iodide,  Til,  is  formed  by  direct  combination  of  its 
elements,  or  by  double  decomposition.  It  forms  a  beautiful  yellow  powder, 
rather  darker  than  sulphur,  and  melting,  below  redness,  to  a  scarlet  liquid, 
which,  as  the  mass  cools,  remains  scarlet  for  some  time  after  solidification, 
then  changes  to  bright  yellow.  The  dried  precipitate,  when  spread  on 
paper  with  a  little  gum-water,  undergoes  a  similar  but  opposite  change  to 
32 
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that  experienced  bj  mercuric  iodide  when  heatf^,  the  jellow  surface  when 
held  over  a  ilame  saddenly  becoming  scarlet,  and  frequently  remaining  so 
after  cooling  for  several  days ;  hard  friction  with  a  glass  rod,  however, 
changes  the  scarlet  color  back  to  yellow.  It  is  very  slightly  soluble  in 
water,  requiring,  according  to  Crookes,  4453  parts  of  water  at  17.2P,  and 
842.4  parts  at  10(P,  to  dissolve  it. 

Tliallic  Iodide^  TII3,  is  formed  by  the  action  of  thallium  on  iodine  dis- 
solved in  ether,  as  a  brown  solution  which  gradually  deposits  rhombic 
prisms.  It  forms  crystalline  compounds  with  the  iodides  of  the  alkali- 
metals. 

Thalliam  Oxides. — ^Thallium  forms  a  monoxide  and  a  trioxide. 

The  Monoxide  or  Thallioas  Oxide,  ^^J^^  constitutes  the  chief  part  of  the 
crust  which  forms  on  the  surface  of  the  metal  when  exposed  to  the  air. 
It  may  be  prepared  by  allowing  granulated  thallium  to  oxidize  in  warm 
moist  air,  and  then  boiling  with  water.  The  filtered  solution  first  deposits 
white  needles  of  thallium  carbonate,  and,  on  further  cooling,  yellow  needles 
of  the  hydroxide,  TIHO  or  Tl^O.HjO,  which,  when  left  over  oil  of  vitriol  in 
a  vacuum,  yields  the  anhydrous  monoxide  as  a  reddish-black  mass  retain* 
ing  the  shape  of  the  crystals.  It  is  partially  reduced  to  metal  by  hydro- 
gen at  a  red  heat.  When  fused  with  sulphur  it  yields  thallious  sulphide. 
It  dissolves  readily  in  water,  forming  a  colorless  strongly  alkaline  solution, 
which  reacts  with  metallic  salts  very  much  like  caustic  potash.  This 
solution  treated  with  zinc,  or  subjected  to  electrolysis,  yields  metallic  thal- 
lium. 

The  Trioxidey  or  Thallic  Oxide,  is  the  chief  product  obtained  by  burning 
thallium  in  oxygen  gas.  It  is  best  prepared  by  adding  potash  to  the  solu- 
tion of  a  thallic  salt,  and  drying  the  precipitate  at  26(P.  It  is  also  formed 
by  electrolysis  of  thallious  sulphate.  It  is  a  dark  red  powder  reduced  to 
thallious  oxide  at  a  red  heat ;  neutral,  insoluble  in  water  and  in  alkalies. 
Thallic  hydrate,  Tl'^'HO,,  is  obtained  by  drying  the  above-mentioned  pre- 
cipitate at  1000. 

Ozygen-salts. — ^Both  the  oxides  of  thallium  dissolve  readily  in  acids, 
forming  crystalline  salts,  soluble  in  water  ;  there  are  also  a  few  insoluble 
thallium  salts  formed  by  double  decomposition. 

Thallious  carbonate,  TI2CO3,  is  deposited  in  crystals,  apparently 
trimetrio,  when  a  solution  of  thallious  oxide  is  exposed  to  the  air.  It  is 
soluble  in  water,  and  the  solution  lias  a  slightly  caustic  taste  and  alkaline 
reaction. 

Sulphates, — Thallious  sulphate,  TI2SO4,  obtained  by  evaporating  the 
chloride  or  nitrate  with  sulphuric  acid,  or  by  heating  metallic  thallium 
with  that  acid,  crystallizes  in  anhydrous  rhombic  prisms,  isomorphous 
with  potassium  sulphate.  It  forms,  with  aluminium  sulphate,  the  salt, 
AlTl(S04)j.l2H,0,  isomorphous  with  common  alum ;  and  with  the  sul- 
phates of  magnesium,  nickel,  etc.,  double  salts  containing  6  molecules  of 
water,  and  isomorphous  with  magnesium  and  potassium  sulphate,  etc.  (p. 
256).  Thallic  sulphate,  T\^(SO^)^Jllfi,  separates  by  evaporation  from  a 
solution  of  thallic  oxide  in  dilute  sulphuric  acid,  in  thin  colorless  laminze, 
which  are  decomposed  by  water,  even  in  the  cold,  with  separation  of  brown 
thallic  oxide. 

Phosphates, — ^The  thallious  phosphates  form  a  series  nearly  as  com- 
plete as  those  of  the  alkali-metals,  which  they  also  resemble  in  their  be- 
havior when  heated.  There  are  three  orthophosphates,  containing  respec- 
tively HjTlPO^,  IITI2PO4,  and  TljPO^.  The  first  two  are  soluble  in  water ; 
the  second  is  obtained  by  neutralizing  dilute  phosphoric  acid  at  boiling 
heat  with  thallious  carbonate,  and  the  first  by  mixing  the  dithallious  salt 
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with  excess  of  phosphoric  acid.  The  trithallious  salty  TlsPO^,  is  very  spa- 
riuglj  Boluble,  and  is  furmod  as  a  crystalline  precipitate  on  mixing  the 
saturated  solutions  of  ordinary  disodic  phosphate  and  thallious  sulphate ; 
also,  together  with  ammouio-thallious  phosphate,  by  treating  the  mono- 
thallious  or  dithallious  salt  with  excess  of  ammonia.  There  are  two  thai- 
lious  ptfrophosphat€SfE.^Tl^Pfijj  and  Tl^PgO,,  both  very  soluble  in  water  :  the 
first  produced  by  carefully  heating  monothallious  orthophosphate,  the 
second  by  strongly  heating  dithallious  orthophosphate.  Of  thallious  meia- 
phosphaie,  TlPO,,  there  are  two  modifications  :  the  first  remaining  as  a 
slightly  soluble  vitreous  mass  when  monothallious  orthophosphate  is 
strongly  ignited,  the  second  obtained  as  an  easily  soluble  glass  by  igniting 
ammonio- thallious  orthophosphate. 

Thallic  orthphosphate,  T1"'P04.2H20,  separates  as  an  insoluble  gelatinous 
precipitate  on  diluting  a  solution  of  thallic  nitrate  mixed  with  phosphorio 
acid. 

ThalUmn  Sulphide,  Tl^S.— This  compound  is  precipitated  from  all 
thallious  salts  by  ammonium  sulphide,  and  from  the  acetate,  carbonate, 
or  oxalate,  by  hydrogen  sulphide  (incompletely  also  from  the  nitrate,  sul- 
phate, or  chloride),  in  dense  flocks  of  a  grayish  or  brownish-black  color. 
Thallic  salts  appear  to  be  reduced  to  thallious  salts  by  boiling  with  am- 
monium sulphide.  Thallium  sulphate  projected  into  fused  potassium 
cyanide  is  reduced  to  sulphide,  which  then  forms  a  brittle  metallic-looking 
mass,  having  the  lustre  of  plumbago,  and  fusing  more  readily  than  metal- 
lic thallium. 


Reactions  of  Thallium  Salts. — ^The  reactions  of  thallious  salts  with 
hydrogen  sulphide  and  ammonium  sulphide  have  just  been  mentioned. 
From  their  aqueous  solutions  thallium  is  rapidly  precipitated  in  metallic 
crystals  by  zinc,  slowly  by  iron.  Soluble  chlorides  precipitate  difficultly  solu- 
ble white  thallious  chloride ;  soluble  bromides  throw  down  white,  nearly 
insoluble  bromide ;  soluble  iodides  precipitate  insoluble  yellow  thallious 
iodide.  Caustic  alkalies  and  alkaline  carbonates  form  no  precipitate  ;  sodium 
phosphate  forms  a  white  precipitate,  insoluble  in  ammonia,  easily  soluble  in 
acids. 

Potassium  chromate  gives  a  yellow  precipitate  of  thallious  chromate  in- 
soluble in  cold  nitric  or  sulphuric  acid,  but  turning  orange-red  on  boiling 
in  the  acid  solution.  Platinic  chloride  precipitates  a  \ery  pale-yellow  in- 
soluble double  salt. 

Thallic  salts  are  easily  distinguished  from  thallious  salts  by  their 
behavior  with  alkalies,  and  with  soluble  chlorides  or  bromides.  Their 
solutions  give  with  ammomia,  and  with  Jixed  alkalies  and  their  carbonates^ 
a  brown  gelatinous  precipitate  of  thallic  oxide,  containing  the  whole  of  the 
thallium.  Soluble  chlorides  or  bromides  produce  no  precipitate  in  solutions 
of  pure  thallic  salts  ;  but  if  a  thallious  salt  is  likewise  present,  a  precipi- 
tate of  sesquichloride  or  sesqui bromide  is  formed.  Oxalic  acid  forms  in  so- 
lutions of  thallic  salts  a  white  pulverulent  precipitate ;  phosphoric  acid  a 
white  gelatinous  precipitate  ;  and  arsenic  add  a  yellow  gelatinous  precipi- 
tate. Thallic  nitrate  gives  with  potassium  ferrocyanide  a  green,  and  with 
the  ferrictfanide  a  yellow  precipitate. 

In  examining  a  mixed  metallic  solution,  thallium  will  be  found  in  the 
precipitate  thrown  down  by  ammonium  sulphide,  together  with  iron,  nickel, 
manganese,  etc.  From  these  metals  it  may  be  easily  separated  by  precipi- 
tation with  potassium  iodide  or  platinic  chloride,  or  by  reduction  to  the 
metallic  state  with  zinc.  . 

Thallium  salts  are  reduced  before  the  blowpipe  with  charcoal  and  sodium 
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carbonate  or  potassium  cyanide.  The  green  color  imparted  to  flame  hj 
thallium,  and  the  peculiar  character  of  its  spectrum,  have  already  been 
mentioned. 


INDIUM. 

Atomic  weight,  113.4.    Symbol,  Id. 


This  extremely  rare  metal  was  discovered  in  1863  by  Reich  and  Richter, 
in  the  zinc-blende  of  Freiberg,  and  has  since  been  found  in  a  few  other 
zinc-ores  and  in  the  flue-dust  of  zinc  furnaces.  The  metallic  sponge, 
which  remains  when  the  crude  zinc  of  the  Freiberg  works  is  dissolved  in 
dilute  sulphuric  acid,  contains  the  whole  of  the  indium  (0.045  per  cent.), 
tog(>ther  with  lead,  arsenic,  cadmium,  and  iron.  It  is  dissolved  in  nitric 
acid  ;  the  lead,  arsenic,  and  cadmium  are  precipitated  by  hydrogen  sul- 
phide ;  and  the  filtered  solution  is  heated  with  potassium  chlorate  to 
bring  all  the  iron  to  the  state  of  ferric  salt,  and  then  treated  with  ammo- 
nia, which  precipitates  the  indium  as  a  hydroxide,  together  with  iron  and 
zinc.  The  precipitate  is  dissolved  in  acetic  acid  ;  the  indium  is  precipi- 
tated as  sulphide  by  hydrogen  sulphide ;  and  freed  from  traces  of  irtm 
and  zinc  by  dissolving  the  precipitate  in  dilute  hydrochloric  acid,  precipi- 
tating the  indium  by  agitation  with  barium  carbonate,  dissolving  out  the 
indium  hydroxide  by  dilute  sulphuric  acid,  and  reprecipitatiug  with  am- 
monia. 

Indium,  reduced  from  its  oxide  by  ignition  with  sodinm,  is  a  silver- 
white  metal,  soft  and  ductile,  has  a  specific  gravity  of  7.421,  melts  at 
170*^  C.  (348. 80  F.),  and  is  loss  volatile  than  cadmium  or  zinc.  When 
heated  to  redness  in  the  air,  it  burns  with  a  violet  flame,  and  is  converted 
into  the  yellow  sesquioxide.  Heated  in  chlorine,  it  burns  with  a  yellow- 
green  light,  and  forms  a  chloride,  which  sublimes  without  fusion  at  an 
incipient  red  heat  in  soft,  white  lamime. 

Indium  dissolves  in  the  strong  mineral  acids,  and  is  precipitated  from 
the  solutions  by  zinc  and  cadmium.  Hydrogen  sidpJiide  precipitates  it  com- 
pletely, as  a  yellow  sulphide,  from  a  solution  of  its  acetate,  and  from  neu- 
tral solutions  of  indium  salts  in  general,  but  not  from  solutions  containing 
excess  of  the  strong  mineral  acids.  Atnmonia  and  9odium  carbonate  produce 
wliite  precipitates  insoluble  in  excess  :  caustic  potash  or  soda  throws  down 
white  indium  hydroxide  soluble  in  excess  of  the  alkali.  Ammonium  car^ 
bonate  forms  a  white  precipitate  soluble  in  excess,  and  reprecipitattxl  on 
boiling.     Barium  carbonate  precipitates  indium  completely. 

The  spectrum  of  indium  is  characterized  by  two  indigo-colored  lines, 
one  very  bright  and  more  refrangible  than  the  blue  line  of  strontium,  the 
other  fainter  and  still  more  refrangible,  and  approaching  the  blue  line  of 
potassium.  It  was  the  observation  of  this  peculiar  spectrum  that  led  to 
the  discovery  of  the  metal. 

The  formulae  of  the  principal  normal  indium  compounds  are  as  follows :— - 

Chloride InCl, 

Indium  and  ammonium  chloride         .  2NH4Cl.InCl3  4'  ^fO 

Yellow  oxide ^^A 

Hydroxide  •         .         •         .         .  InlljO, 

Nitrate InCNO^j 

Sulphate Inj(Sdjs  +  9H,0 . 

The  yellow  oxide,  heated  in  a  stream  of  hydrogen,  is  successively  re- 
duced to  a  green,  a  gray,  and  a  black  oxide  (InO,),  and  at  a  low  red  heat 
to  the  metallic  state. 
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GALLIUM. 

Atomic  weight,  68  (1).    Symbol,  Qa. 

Thtb  metal  was  disoovered  in  1875  bj  Lecoq  de  Boisbandran,*  in  a  zinc- 
blende  from  the  mine  of  Pierrefitte,  in  the  valley  of  Argelcs,  Pyrenees, 
and  has  likewise  been  found,  though  always  in  very  small  quantity,  in 
blendes  from  other  localities.  It  is  separated  by  dissolving  the  blende  in 
nitromuriatic  acid,  immersing  plates  of  zinc  in  the  solution  till  the  dis- 
engagement of  hydrogen  becomes  slow, — ^whereby  copper,  lead,  cadmium, 
and  other  metals  are  precipitated, — and  then  boiling  the  clear  liquid  for 
several  hours  with  a  large  excess  of  zinc,  which  throws  down  alumina, 
basic  zinc-salts,  and  oxide  of  gallium.  This  precipitate  is  redissolved  in 
hydrochloric  acid  ;  the  solution  again  boiled  with  zinc ;  the  resulting 
precipitate,  which  contains  the  gallium  in  a  more  concentrated  form,  is 
redissolved  in  hydrochloric  acid ;  the  solution  mixed  with  ammonium 
acetate  is  treated  with  hydrogen  sulphide,  which  throws  down  the  zinc 
and  gallium  as  sulphides,  leaving  the  aluminium  in  solution ;  and  this 
treatment  is  repeated  to  insure  the  complete  separation  of  the  alumina. 
The  white  sulphides  of  zinc  and  gallium  are  then  dissolved  in  hydro- 
chloric acid  ;  the  solution  is  fractionally  precipitated  with  sodium  carbon- 
ate, the  gallium  going  down  chiefly  in  the  first  portions  ;  and,  to  complete 
the  separation  of  the  zinc,  the  gallium  oxide  is  dissolved  in  sulphuric 
acid  and  reprecipitated  by  excess  of  ammonia;  this  dissolves  all  the  zinc. 
oxide,  and  the  greater  part  of  the  gallium  oxide,  which  may  be  reprecipi- 
tated by  boiling  the  liquid  to  expel  the  free  ammonia. 

Metallic  gallium  is  obtained  by  electrolyzing  a  solution  of  the  oxide  in 
potash  or  ammonia  with  platinum-electrodes,  the  gallium  being  deposited 
on  the  negative  plate  as  a  compact,  closely  adhering  crust,  which  may  be 
detached  by  bending  the  plate  backwards  and  forwards  under  cold  water. 

Gallium  is  a  hard  metal  somewhat  whiter  than  platinum,  and  acquires 
a  good  polish  by  pressure  ;  it  is  sectile  and  somewhat  malleable  ;  its  spe- 
cific gravity  is  5.9,  which  is  intermediate  between  that  of  aluminium 
(2.6)  and  that  of  indium  (7.4).  Its  melting  point  is  30.10  C.  (86.2©  p.), 
80  that  it  liquefies  when  pressed  between  the  fingers  ;  frequently  also  it 
remains  liquid  for  a  long  time  even  when  cooled  to  nearly  (P.  The  melted 
metal  adheres  to  glass,  forming  a  mirror  whiter  than  that  produced  by 
mercury.  When  heated  to  bright  redness  in  contact  with  the  air,  it  oxi- 
dizes merely  on  the  surface,  and  does  not  volatilize. 

Gallium  forms  a  very  bright  electric  spectrum,  exhibiting  a  brilliant 
line  and  a  fainter  band  in  the  violet.  In  a  gas-flame  only  the  line  is  exhi- 
bited, and  even  this  is  very  faint  and  fugitive.  It  was  ^y  these  spectro- 
scopic characters  that  the  existence  of  pallium  was  first  recognized. 

Gallium  chloride  is  very  soluble  and  deliquescent.  Its  aqueous  solution 
38  clear  when  highly  concentrated,  but  becomes  turbid  on  addition  of  water ; 
the  precipitate  (probably  an  oxychloride)  dissolves  but  very  slowly  in  hy- 
drochloric acid;  A  slightly  acidulated  solution  of  the  chloride  evaporated 
at  a  gentle  heat,  deposits  needles  which  act  strongly  on  polarized  light. 
The  gulphate  is  not  deliquescent. 

Gallium  forms  an  ammonia-alum,  which  crystallizes  in  octohedrons  like 
common  alum  ;  it  dissolves  in  cold  water,  but  the  solution  becomes  turbid 
on  boiling,  and  is  decomposed  by  heating  with  acetic  acid.     The  existence 

*  Comptes  Rendus,  Ixxxi.  493. 
32* 
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of  this  alum  shows  that  the  oxide  of  gallium  is  represented  by  the  for- 
mula G^a^Og,  and  its  chloride  hy  GaCl^. 

Solutions  of  gallium  salts  give  with  ammonium  sulphide  a  white  precipi- 
tate of  gallium  sulphide  insoluble  in  excess  of  the  reagent.  The  same 
precipitate  is  formed  hy  hydrogen  sulphide  in  presence  of  acetic,  but  not  of 
hydrochloric  acid.  Ammonia  and  carbonate  of  ammonia  give  white  precipi- 
tates soluble  in  excess.  Slightly  acid  solutions  of  the  chloride  and  sul- 
phate are  not  precipitated  in  the  cold  by  ammonium  acetctte ;  but  the  neutral 
solutions  are  clouded  thereby.  Gallium  oxide  is  easily  precipitated  by 
barium  carbonate. 

In  a  mixed  solution  of  gallium  and  aluminium,  the  latter  is  precipitated 
before  the  gallium,  and  in  a  mixed  solution  of  gallium  and  indium,  the 
gallium  goes  down  first ;  in  point  of  basicity,  therefore,  gallium  is  inter- 
mediate between  aluminium  and  indium. 

The  atomic  weight  of  gallium  has  not  been  determined  by  direct  experi- 
ment ;  but  as  this  metal  is  a  triad  intermediate  in  some  of  its  properties 
(basicity  and  density)  between  aluminium  and  indium,  and  in  its  chemical 
reactions  exhibits  considerable  resemblance  to  zinc,  it  is  supposed  to  hare 
an  atomic  weight  not  far  from  68,  as  assigned  to  it  in  Mendelejeff  *8  Classi- 
fication of  the  Elements  (p.  239). 
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TIN. 

Atomic  weight,  118.    Symbol,  Sn  (Stannum). 

This  valuable  metal  occurs  in  the  state  of  oxide,  and  more  rarely  as 
salphide  :  the  principal  tin  mines  are  those  of  Saxony  and  Bohemia,  Ma> 
lacca,  and  more  especially  Cornwall.  In  Cornwall  the  tin-stone  is  found 
as  a  constituent  of  metal-bearing  veins,  associated  with  copper  ore,  in 
granite  and  slate-rocks ;  and  as  an  alluvial  deposit,  mixed  with  rounded 
pebbles,  in  the  beds  of  several  small  rivers.  The  first  variety  is  called 
mine-  and  the  second  stream-tin.  Tin  oxide  is  also  found  disseminated 
through  the  rock  itself  in  small  crystals. 

To  prepare  the  ore  for  reduction,  it  is  stamped  to  powder,  washed,  to 
separate  as  much  as  possible  of  the  earthy  matter,  and  roasted,  to  expel 
sulphur  and  arsenic  :  it  is  then  strongly  heated  with  coal,  and  the  metal 
thus  obtained  is  cast  into  large  blocks.  Two  varieties  of  commercial  tin 
are  known,  called  grain'  and  bar-tin;  the  first  is  the  best ;  it  is  prepared 
from  the  stream  ore. 

Pure  tin  has  a  white  color,  approaching  that  of  silver :  it  is  soft  and 
malleable,  and  when  bent  or  twisted  emits  a  peculiar  crackling  sound  ;  it 
has  a  density  of  7.3,  and  melts  at  2370  C.  (458.60  F.).  Tin  is  but  little 
acted  upon  by  air  and  water,  even  conjointly ;  when  heated  above  its 
melting-point,  it  oxidizes  rapidly,  becoming  converted  into  a  whitish  pow- 
der, used  in  the  arts  for  polishing,  under  the  name  of  putty  powder.  The 
metal  is  attacked  and  dissolved  by  hydrochloric  acid,  with  evolution  of 
hydrogen  ;  nitric  acid  acts  with  great  energy,  converting  it  into  a  white 
hydrate  of  the  dioxide. 

Tin  is  a  tetrad  metal,  and  forms  two  well-defined  classes  of  compounds, 
namely,  the  stannous  compounds,  in  which  it  is  bivalent,  as  SnCl,, 
SnI,,  SnO,  etc.,  and  the  stannic  compounds,  in  which  it  is  quadri- 
valent, as  SnClf,  SnO,,  etc. ;  also  a  few  compounds  called  stannoso-stan- 
nic  compounds,  of  intermediate  composition,  e.g.,  Sn^Cl^,  Sn,0„  etc. 

Chlorides.— The  dichloride^  or  Stannous  Chloride ^  SnCl,,  is 
obtained  in  the  anhydrous  state  by  distilling  a  mixture  of  calomel  and 
I)owdered  tin,  prepared  by  agitating  the  melted  metal  in  a  wooden  box 
until  it  solidifies.  It  is  a  gray,  resinous-looking  substance,  fusible  below 
redness,  and  volatile  at  a  high  temperature. 

The  htfdrated  chloride,  commonly  called  tin  salt,  is  easily  prepared  by 
dissolving  metallic  tin  in  hot  hydrochloric  acid.  It  crystallizes  in  needles 
containing  SnCl,.2H,0,  which  are  freely  soluble  in  a  small  quantity  of 
water,  but  are  apt  to  be  decomposed  in  part  when  put  into  a  large  mass, 
unless  hydrochloric  acid  in  excess  be  present.  Solution  of  stannous  chlo- 
ride is  employed  as  a  deoxidizing  agent ;  it  reduces,  the  salts  of  mercury 
and  other  metals  of  the  same  class.  It  is  also  extensively  employed  as  a 
mordant  in  dyeing  and  calico-printing  ;  sometimes  also  as  an  antichlore. 

Stannous  chloride  unites  with  the  chlorides  of  the  alkali-metals,  fonniug 
orystallizable  doable  salts,  SnCl,.2KCl,  etc.,  called  Stannosochiorides  or  Chlonn 
stannites. 
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Tlie  tetrachloride,  or  Stannic  chloride^  SnCl^,  formerly  called 
fuming  liquor  of  Libavius,  is  made  hy  exposing  metallic  tin  to  the  action  of 
chlorine,  or,  more  conveniently,  by  distilling  a  mixture  of  1  part  of  powdered 
tin  with  5  parts  of  corrosive  sublimate.  It  is  a  thin,  colorless,  mobile 
liquid,  boiling  at  120O,  and  yielding  a  colorless  invisible  vapor.  It  fumea 
in  the  air,  and  when  mixed  with  a  third  part  of  water,  solidifies  to  a  soft 
fusible  mass,  called  butter  of  tin.  The  solution  of  stannic  chloride  is  much 
employed  by  the  dyer  for  the  brightening  and  fixing  of  red  colors,  and  is 
sometimes  designated  by  the  old  names,  *'  composition,  physic,  or  tin  solu- 
tion ;"  it  is  commonly  prepared  by  dissolving  metallic  tin  in  a  nuxture  of 
hydrochloric  and  nitric  acids,  care  being  taken  to  avoid  too  great  elevation 
of  temperature.  The  solution  when  evaporated  yields  a  deliquescent 
crystalline  hydrate  SnCl4.5H20. 

Stannic  chloride  forms,  with  the  chlorides  of  the  alkali-metals  and  alka- 
line earth-metals,  crystalline  double  salts,  called  Stannochlorides  or  Chloro- 
stannatesy  e.  </.,  SnCl4.2NH4Cl ;  SnCl^-BaClj,  etc.  It  also  forms  crystalline 
compounds  with  the  pentachloride  and  oxychloride  of  phosphorus,  viz., 
SnCl^.PClj,  and  SnCl^.POCl^,  and  a  solid  compound  with  phosphine,  con- 
taining 3SnCl4.2PU,. 

The  trichloride,  or  StanosO'Stannic  chloride,  known  only  in  solution,  is  pro- 
duced by  dissolving  the  sesquioxide  in  hydrochloric  acid.  The  solution 
acts  like  a  mixture  of  the  dichloride  and  tetrachloride. 

Flaorides. — Stannous  Fluoride.  SnF„  obtained  by  evapora«««ng  the  solu- 
tion of  stannous  oxide  in  hydrofiuoric  acid,  crystallizes  in  small  shining 
opaque  prisms.  Stannic  fluoride,  SnFf,  is  not  known  in  the  free  state,  but 
unites  with  other  metallic  fluorides,  forming  crystalline  compounds,  called 
stannqfiuorides  or  fluostannatea,  isomorphous  with  the  corresponding  silico- 
fluorides,  titanofluorides,  and  zircofluorides.  The  potassium  salt  contains 
SnF4.2KF.H/),  the  barium  salt,  SnF^.BaP,,  etc. 

Oxides. — ^The  monoxide  or  Stannous  oxide,  SnO,  is  produced  by 
heating  stannous  oxalate  out  of  contact  with  the  air ;  also  by  igniting 
stannous  hydrate.  This  hifdrate,  2SnO.H,0,  or  Sn^H^Og,  is  obtained  as  a 
white  precipitate  by  decomposing  stannous  chloride  with  an  alkaline  car- 
bonate, carbon  dioxide  gas  being  at  the  same  time  evolved.  This  hydrate, 
carefully  washed,  dried,  and  heated  in  an  atmosphere  of  carbon  dioxide, 
leaves  anhydrous  stannous  oxide  as  a  dense  black  powder,  which  is  per- 
manent in  the  air,  but  when  touched  with  a  red-hot  body,  takes  fire  and 
burns  like  tinder,  producing  the  dioxide.  The  hydrate  is  freely  soluble  in 
caustic  potash  ;  the  solution  decomposes  by  keeping  into  metallic  tin  and 
dioxide.  It  dissolves  also  in  sulphuric  acid,  forming  stannous  sulphate, 
SnSO^,  which  crystallizes  in  needles. 

The  Sesquioxide,  Sn^Oj,  is  produced  by  the  action  of  hydrated  ferric  oxide 
upon  stannous  chloride  :  it  is  a  grayish,  slimy  substance,  soluble  in  hydro- 
chloric acid  and  in  ammonia.    This  oxide  has  been  but  little  examined. 

The  dioxide,  or  Stannic  oxide,  SnO,,  occurs  native  as  tin-stone  or 
cassiterite,  the  common  ore  of  tin,  and  is  easily  formed  by  heating  tin, 
stannous  oxide,  or  stannous  hydrate  in  contact  with  the  air.  As  thus 
prepared  it  is  a  white  or  yellowish  amorphous  powder  ;  but  by  passing  the 
vapor  of  stannic  chloride  mixed  with  aqueous  vapor  through  a  red-hot 
porcelain  tube,  it  may  be  obtained  in  crystals.  It  is  not  attacked  by  acids, 
even  in  the  concentrated  state. 

Stannic  oxide  forms  two  hydrates,  differing  from  one  another  in  composi- 
tion and  properties ;  both,  however,  being  acids,  and  capable  of  forming 
salts  by  exchanging  their  hydrogen  for  metals.  These  hydrates  or  acids  are 
atannic  acid,  SuO,H,0,  or  li^SnO,,  and  metastannio  acid,  Sn^Oj^. 
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5H,0,  or  Hio^DjOig,  the  former  being  capable  of  ezohanging  the  whole  of 
ita  hydrogen  for  metal,  and  forming  the  stannates,  containing  MjSnO, ; 
while  the  latter  exchanges  only  one-fifth  of  its  hydrogen,  forming  the 
met  as  tan  nates,  HgMjSnjO,^. 

Stannic  acid  is  precipitated  by  acids  from  solutions  of  alkaline  stannates, 
also  from  solution  of  stannic  chloride,  by  calcium  or  barium  carbonate  not 
in  excess  ;  alkaline  carbonates  throw  down  an  acid  stannate.  Wben  dried 
in  the  air  at  ordinary  temperatures  it  has,  according  to  Weber,  the  com- 
position Sn02.2U,0 ;  in  a  vacuum  half  the  water  is  given  ott*,  leaving 
SnO,.U,0. 

Htannio  hydrate  dissolves  in  the  stronger  acids,  forming  the  stannic 
aalts  ;  thus  with  sulphuric  acid  it  forms  stannic  sulphaie^  Sn(S04),  or  SnO. 
2SO,.  HifdrocJdoric  acid  converts 'it  into  the  tetrachloride.  The  stannic 
salts  of  oxygen-acids  are  very  unstable. 

Stannates. — Stannic  hydrate  exhibits  acid  much  more  decidedly  tlian 
basic  properties.  It  forms  easily  soluble  salts  with  the  alkalies,  and  from 
these  the  insoluble  stannates  of  the  earth-metals  and  heavy  metals  may 
be  obtained  by  precipitation.  Sodium  stannate,  NagfcJnO,,  which  is  much 
used  in  calico-printing  as  a  '*  preparing  salt"  or  mordant,  is  produced  on 
the  large  scale  by  fusing  tinstone  with  hydrate,  nitrate,  chloride,  or  sul- 
phide of  sodium;  by  boiling  the  tin  ore  with  caustic  soda-solution;  by 
fusing  metallic  tin  with  a  mixture  of  sodium  nitrate  and  carbonate ;  or 
heating  it  with  soda-solution  mixed  witli  sodium  nitrate  and  chloride.* 

Afetastannic  acid  is  produced  by  the  action  of  nitric  acid  upon  tin.  When 
dried  in  the  air  at  ordinary  temperatures  it  contains  5SnO„101I,O  or 
H,oSn50ij.5H,0,  but  at  10(P  it  gives  off  5  molecules  of  water,  and  is  re- 
duced to  U,oiSnjO,5.  It  is  a  white  crystalline  powder  insoluble  in  water  and 
In  acids.  It  dissolves  slowly  in  alkalies,  forming  metastannates,  but  it  is 
gradually  deposited  in  its  original  state  as  the  solution  al>Borbs  carbonio 

acid  from  the  air.     The  potassium  salty  K^H^Snfi^  or  411^0  \  (SnO,)^,  may 

be  precipitated  in  the  solid  state  by  adding  pieces  of  solid  potash  to  a  solu- 
tion of  metastannic  acid  in  cold  potash.  It  is  gummy,  uncrystallizable, 
and  strongly  alkaline.  The  sodium  salt,  Na^HgSnO,^,  prepared  in  like  man- 
ner, is  crystallo-grannlar,  and  dissolves  slowly,  but  completely,  in  water. 
The  metastannates  exist  only  in  the  hydrated  state,  being  decomposed 
when  deprived  of  their  basic  water. 

Tin  Solpbides. — ^The  monosulphide,  SnS,  is  prepared  by  fusing  tin  with 
excess  of  sulpiiur,  and  strongly  heating  the  product.  It  is  a  lead-gray, 
brittle  substance,  fusible  at  a  red  heat,  and  soluble,  with  evolution  of  sul- 
phuretted hydrogen,  in  hot  hydrochloric  acid.  A  sesquisulphide  may  be 
formed  by  gently  heating  the  above  compound  with  a  third  of  its  weight 
of  sulphur :  it  is  yellowish-gray,  and  easily  decomposed  by  heat.  The 
bisulphide^  SnS„  or  Afoscuc  gold,  is  prepared  by  exposing  to  a  low  red  heat, 
in  a  glass  flask,  a  mixture  of  12  parts  of  tin,  6  of  mercury,  6  of  sal-ammo- 
niac, and  7  of  flowers  of  sulphur.  Sal-ammoniac,  cinnabar,  and  stannous 
chloride  sublime,  while  the  bisulphide  remains  at  the  bottom  of  the  vessel 
in  the  form  of  brilliant  gold-colored  scales  :  it  is  used  as  a  substitute  for 
gold  powder.  The  same  compound  is  obtained  as  an  amorphous  liglit- 
yellow  powder  by  passing  hydrogen  sulphide  into  a  solution  of  stannic 
chloride. 

*  Richardson  and  Watts*!  Chemical  Technology,  vol.  i.  part  iv.  p.  36,  and  part 
▼.  p.  SIS. 
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Stannons  salts  give  with  : — 

Fixed  caustic  alkalies:  white  hydratey  soluble  in  excess. 
Amtnonia :  carbonates  of  1 

potassium,  sodium  and  V  white  hydrate,  nearly  insoluble  in  excess. 

ammonium  ....  J 


Hydrogen  sulphide 
Amtnoniumsidphide 


'  black-brown  precipitate  of  monosulphide, 
soluble  in  ammonium  sulphide  containing 
excess  of  sulphur,  and  reprecipitated  by 
acids  as  yellow  bisulphide. 


Stannic  salts  give  with  : — 

Fixed  caustic  alkalies:  white  hydrate,  soluble  in  excess. 
Ammonia:  white  hydrate,  slightly  soluble  in  excess. 
Alkaline  carbonates:  white  hydrate,  slightly  soluble  in  excess. 
Amm/nnium  carbonate:  white  hydrate,  insoluble. 
Hydrogen  sulphide:  yellow  precipitate  of  bisulphide. 
Ammonium  sulphide :  the  same,  soluble  in  excess. 

Trichloride  of  gold,  added  to  a  dilute  solution  of  stannous  chloride, 
gives  rise  to  a  brownish-purple  precipitate,  called  purple  of  Cdssius  (page 
328). 

The  usciul  applications  of  tin  are  very  numerous.  Tinned  plate  consists 
of  iron  superficially  alloyed  with  this  metal ;  pewter,  of  the  best  kind,  is 
chiefly  tin,  hardened  by  the  admixture  of  a  little  antimony,  etc.  Cook- 
ing-vessels of  copper  are  usually  tinned  in  the  interior.  The  use  of  tin 
solutions  in  dyeing  and  calico-printing  has  been  already  mentioned. 


TITANITTM. 

Atomic  weight,  60.    Symbol,  Ti. 


This  is  one  of  the  rarer  metals,  and  is  never  found  In  the  metallic  state. 
The  most  important  titanium  minerals  arenttile,  brookite,  and  anatase,  which 
are  different  forms  of  titanic  oxide,  and  the  several  varieties  of  titaniferons 
iron,  consisting  of  ferrous  titanate,  sometimes  alone,  but  more  generally 
mixed  with  ferric  or  ferroso-ferrio  oxide.  Occasionally,  in  the  slag  adher- 
ing to  the  bottom  of  blast-furnaces  in  which  iron  ore  is  reduced,  small 
brilliant  copper-colored  cubes,  hard  enough  to  scratch  glass,  and  in  the 
highest  degree  infusible,  are  found.  This  substance,  of  which  a  single 
smelting  furnace  in  the  Hartz  produced  as  much  as  80  pounds,  was  formerly 
believed  to  be  metallic  titanium.  Wohler,  however,  has  shown  it  to  be 
a  combination  of  titanium  cyanide  with  titanium  nitride.  When  these 
crystals  are  powdered,  mixed  with  potassium  hydrate,  and  fused,  ammonia 
18  evolved,  and  potassium  titanate  is  formed.  Metallic  titanium  in  a  finely- 
divided  state  may  be  obtained  by  heating  titanium  and  potassium  fluoride 
with  potassium.  This  element  is  remarkable  for  its  affinity  for  nitrogen  : 
wnen  Heated  m  the  air,  it  simultaneously  abeorlis  oxygen  and  nitrogen. 

1  Itanium  is  tetradic,  like  tin,  and  forma  two  classes  of  compounds  :  the 
titanic  compounds,  in  which  it  is  quadrivalent,  e.  g,,  TiCl^,  TiO,,  and 
the  titanous  compounds,  in  which  it  is  apparently  trivalent,  but  really 

Tia,  ^ 

also  quadrivalent,  e.  g.,  TigCl^,  or  | 

TiCl, 
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Chlorides. — Titanous  chloride ,  Ti,Clf,  is  produced  by  passing  the  vapor 
of  titanic  chloride  mixed  with  hydrogen  through  a  red-hot  tube  ;  it  forms 
dark  violet  scales  having  a  strong  lustre.  Titanic  chloride^  I'i^^if*  is  Pre- 
pared by  passing  chlorine  over  an  ignited  mixture  of  titanic  oxide  and 
cbarcoal.  It  is  a  colorless,  volatile/  faming  liquid,  having  a  specific 
gravity  of  1.7609  at  (P  C.  (320  F.),  vapor-density  =  6.658,  and  boiling  at 
1360  C.  (27 50  F.).  It  unites  very  violently  with  water,  and  forms  definite 
compounds  with  ammonia,  ammonium  chloride,  hydrogen  cyanide,  cyano- 
gen chloride,  phosphine,  and  sulphur  tetrachloride. 

Fluorides. — Titanous  fluoride j  Ti^,,  is  obtained  as  a  violet  powder  by 
igniting  potassio-titanic  fluoride  in  hydrogen  gas,  and  treating  the  result- 
ing mass  with  hot  water.  Titanic  fluoride^  1'il^\)  passes  over  as  a  fuming  color- 
less liquid,  when  titanic  oxide  is  distilled  with  fluor-spar  and  fuming  sul- 
phuric acid  in  a  platinum  apparatus.  It  unites  witli  hydrofluoric  acid 
and  metallic  fluorides,  forming  double  salts  called  titanofluorides,  or 
fluotitanates,  isomorphous  with  the  silicofluorides,  zircufluorides, 
c.  g.,  TiF4.2KF ;  TiF^.CaF,. 

Oxides. — ^The  sesquioxide,  or  Titanous  oxide,  Ti,Og,  is  obtained  by  igniting 
the  dioxide  in  hydrogen,  as  a  black  powder,  which,  when  heated  in  the 
air  to  a  very  high  temperature,  oxidizes  to  titanic  oxide. 

The  dioxide,  or  Titanic  oxide,  occurs  native  in  three  different  forms,  viz., 
as  rutile  and  anatase,  which  are  dimetric,  and  brookite,  which  is  trlmetric  ; 
of  these,  anatase  is  the  purest,  and  rutile  the  most  abundant.  To  obtain 
pure  titanic  oxide,  rutile  or  titaniferous  iron  ore,  reduced  to  fine  powder, 
is  fused  with  twice  its  weight  of  potassium  carbonate,  and  the  fused  mass 
is  dissolved  in  dilute  hydrofluoric  acid,  whereupon  titano-fluoride  of  po- 
tassium soon  begins  to  separate.  From  the  hot  aqueous  solution  of  this 
salt,  ammonia  throws  down  snow-white  ammonium  titanate,  which  is 
easily  soluble  in  hydrochloric  acid,  and  when  ignited  gives  reddish-brown 
lamps  of  titanic  oxide.  This  oxide  is  insoluble  in  water,  and  in  all  acids 
except  strong  sulphuric  acid.  By  fusing  it  with  six  times  its  weight  of 
acid  potassium  sulphate,  a  clear  yellow  mass  is  obtained,  which  dissolves 
perfectly  In  warm  water. 

Titanic  oxide  appears  to  form  two  hydrates  or  acids,  analogous  to  stan- 
nic and  metastannic  acids.  One  of  these,  called  titanic  acid,  is  pre- 
cipitated by  ammonia  from  a  solution  of  titanic  chloride,  as  a  white 
powder,  which  dissolves  easily  in  sulphuric,  nitric,  and  hydrochloric 
acids,  even  when  these  acids  are  rather  dilute ;  but  these  dilute  solu- 
tions, when  boiled,  deposit  metatitanic  hydrate  as  a  soft,  white 
powder,  which,  like  the  anhydrous  oxide,  is  insoluble  in  all  acids  except 
strong  sulphuric  acid. 

The  titanates  have  not  been  much  studied;  most  of  them  may  be 
represented  by  the  formul»  M^TiO^  =  2M20.TiO„  and  M-^TiOj  s=  M^CTiOj 
(the  symbol  M  denoting  a  univalent  metal).  The  titanates  of  calcium 
and  iron  occur  as  natural  minerals.  The  titanates  of  the  alkali -metals 
are  formed  by  fusing  titanic  oxide  with  alkaline  hydrates,  carbonates,  or 
acid  sulphates — some  of  them  also  in  the  wet  way.  When  finely  pulver- 
ized and  levigated,  they  dissolve  in  moderately  warm,  concentrated  hy- 
drochloric acid ;  but  the  greater  part  of  the  dissolved  titanic  acid  is  pre- 
cipitated on  boiling  the  solution  with  dilute  acids.  The  neutral  titanates 
of  the  alkali-metals,  M^TiO,,  are  insoluble  in  water,  but  soluble  in  acids. 
The  titanates  of  the  earth-metals  and  heavy  metals  are  insoluble,  and 
may  be  obtained  by  precipitation. 

In  a  solution  of  titanic  acid  in  hydrochloric  acid,  containing  as  little 
free  acid  as  possible,  tincture  of  galls  produces  an  orange-colored  prccipi- 
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tate ;  potassium  ferrocyanidey  a  dark-brown  precipitate.  Titanic  oxide, 
fused  with  borax j  or,  better,  with  microcosinic  scUt^  in  the  inner  blowpipe 
flame,  forms  a  glass  which  is  yellow  while  hot,  but  becomes  violet  on 
cooling.  The  delicacy  of  the  reaction  is  much  increased  by  melting  a 
little  metallic  zinc  in  the  bead. 


LBAD. 

Atomic  weight,  207.    Symbol,  Pb  (Plumbum). 

This  abundant  and  useful  metal  is  altogether  obtained  from  the  native 
sulphide,  or  galena,  no  otiier  lead-ore  being  found  in  large  quantity.  The 
reduction  is  effected  in  a  reverberatory  furnace,  into  which  the  crushed 
lead-ore  is  introduced  and  roasted  for  some  time  at  a  dull  red  heat,  by 
which  much  of  the  sulptiide  becomes  changed  by  oxidation  to  sulphate. 
The  contents  of  the  furnace  are  then  thoroughly  mixed,  and  the  tem^iera- 
ture  raised,  when  the  sulphate  and  sulphide  react  upon  each  other,  pro- 
ducing sulphurous  oxide  and  metallic  lead  : — 

PbSO^  -t-  PbS  ==  Pb,  +  2S0, . 

Lead  is  a  soft  bluish  metal,  possessing  very  little  elasticity ;  its  specific 
gravity  is  11.45.  It  may  be  easily  rolled  out  into  plates,  or  drawn  out 
into  coarse  wires,  but  has  very  little  tenacity.  It  melts  at  315.50  C. 
(599.4^  F.),  or  a  little  above,  and  boils  and  volatilizes  at  a  white  heat.* 
Ky  slow  cooling,  it  may  be  obtained  in  octohedral  crystals.  In  moist  air 
this  metal  becomes  coated  with  a  film  of  gray  matter,  thought  to  be  sub- 
oxide, and  when  exposed  to  the  atmosphere  in  the  melted  state  it  rapidly 
absorbs  oxygen.  Dilute  acids,  with  the  exception  of  nitric  acid,  act  but 
slowly  upon  lead. 

Lead  is  a  tetrad,  as  shown  by  the  constitution  of  plumbic  ethide, 
Pb(C2H5)4 ;  but  in  its  inorganic  combinations  it  appears  dyadic,  forming 
but  one  chloride,  PbClj,  with  corresponding  bromide  and  iodide.  The 
oxide  corresponding  with  these  is  PbO,  and  there  are  also  higher  oxides 
in  which  the  metal  may  be  regarded  either  as  a  dyad  or  as  a  tetrad :  thus 

_     —  J> 

the  dioxide  PbO,  may  be  formulated  either  as  0 Pb O,  or  as  Pb<^  |   . 

O 


Lead  (Jhloride.  PbCl,,  is  prepared  by  precipitating  a  solution  of  lead 
nitrate  or  acetate  with  hydrochloric  acid  or  common  salt.  It  separates  as 
a  heavy  white  crystalline  precipitate,  which  dissolves  in  about  33  parts 
of  boiling  water,  and  separates  again,  on  cooling,  in  needle-shaped  crys- 

fnle 


Lead  Iodide,  Pbl„  is  precipitated,  on  mixing  lead  nitrate*  or  acetate 
with  potassium  iodide,  as  a  bright  yellow  powder,  which  dissolves  in 


LEAD.  385 

boiling  water,  and  crystallizes  therefrom  in  beautiful  yellow  iridescent 
Bpangles. 

Oxides. — The  monoxide,  PbO,  called  litharge  or  massicot,  is  the  product 
of  the  direct  oxidation  of  the  metal.  It  is  most  conveniently  prepared  by 
heating  the  carbonate  to  dull  redness  ;  common  Utharge  is  impure  monoxide 
which  has  undergone  fusion.  Lead  oxide  has  a  delicate  straw-yellow 
color,  is  'verj  heavy,  and  slightly  soluble  in  water,  giving  an  alkaline 
liquid.  It  is  soluble  in  potash,  and  crystallizes  from  the  solution  in  rhom- 
bic prisms.  At  a  red  heat  it  melts,  and  tends  to  crystallize  on  cooling. 
In  the  melted  state  it  attacks  and  dissolves  silicious  matter  with  astonish- 
ing facility,  often  penetrating  an  earthen  crucible  in  a  few  minutes.  It  is 
easily  reduced  when  heated  with  organic  substances  of  any  kind  contain- 
ing carbon  or  hydrogen.  It  forms  a  large  class  of  salts,  often  called  plumbic 
3all*j  which  are  colorless  if  the  acid  itself  is  not  colored. 

Triplumbic  tetroxide,  or  Red  lead,  is  not  of  very  constant  composition,  but 
generally  contains  Pb^O^  or  2PbO.PbOg.  It  is  prepared  by  exposing  tlie 
monoxide,  which  has  not  been  fused,  for  a  long  time  to  the  air,  at  a  very 
faint  red  heat ;  it  is  a  brilliant  red  and  extremely  heavy  powder,  decom- 
posed, with  evolution  of  oxygen,  by  a  strong  heat,  and  converted  by  acids 
into  a  mixture  of  monoxide  and  dioxide.  It  is  used  as  a  cheap  substitute 
for  vermilion. 

The  dioxide,  PbO,,  often  called  puce  or  brown  lead-oxide,  is  obtained  with- 
out difficulty  by  digesting  rod  lead  in  dilute  nitric  acid,  whereby  lead 
nitrate  is  dissolved  out,  and  insoluble  dioxide  left  behind  in  the  form  of  a 
deep-brown  powder.  The  dioxide  is  decomposed  by  a  red  heat,  yielding 
np  one-half  of  its  oxygen.  Hydrochloric  acid  converts  it  into  lead  chlo- 
ride, with  disengagement  of  chlorine  ;  hot  oil  of  vitriol  forms  with  it  lead 
sulphate,  and  liberates  oxygen.  The  dioxide  is  very  useful  in  separating 
sulphurous  acid  from  certain  gaseous  mixtures,  lead  sulphate  being  then 
produced :   PbO.  +  SO,  ==  PbSO^. 

Diplumbic  oxide,  or  Lead  suboxide,  Vhfi,  is  formed  when  the  monoxide  is 
heated  to  dull  redness  in  a  retort :  a  gray  pulverulent  substance  is  then 
loft,  which  is  resolved  by  acids  into  moiioxide  and  metal.  It  absorbs  oxy- 
gen with  great  rapidity  when  heated,  and  even  when  simply  moistened 
with  water  and  exposed  to  the  air. 

Lead  Nitrate,  Pb(NOj)„  or  PbO.NjO^,  may  be  obtained  by  dissolving 
lead  carbonate  in  nitric  acid,  or  by  acting  directly  upon  the  metal  by  the 
same  agent  with  the  aid  of  heat :  it  is,  as  already  noticed,  a  by-product 
in  the  preparation  of  the  dioxide.  It  crystallizes  in  anhydrous  octohe- 
drons,  which  are  usually  milk-white  and  opaque.  It  dissolves  in  7^  parts 
of  cold  water,  and  is  decomposed  by  heat,  yielding  nitrogen  tetroxide, 
oxygen,  and  lead  monoxide,  which  obstinately  retains  traces  of  nitrogen. 
When  a  solution  of  this  salt  is  boiled  with  an  additional  quantity  of  lead 
oxide,  a  portion  of  the  latter  is  dissolved,  and  a  basic  nitrate  generated, 
which  may  be  obtained  in  crystals.  Carbonic  acid  separates  this  exci'ss 
of  oxide  in  the  form  of  a  white  cempound  of  carbonate  and  hydrate  of 
lead. 

Neutral  and  basic  compounds  of  lead  oxide  with  the  trioxide  and  tetrox- 
ide of  nitrogen,  have  been  described.  These  last  are  probably  formed  by 
the  combination  of  a  nitrite  with  a  nitrate. 

Lead  Carbonate;  White  Lead;  PbCO,  or  PbO.COj. — ^This  salt  is  some- 
times found  beautifully  crystallized  in  long  white  needles,  accompanying 
other  metallic  ores.  It  may  be  prepared  artificially  by  precipitating  in  the 
cold  a  solution  of  the  nitrate  or  acetate  with  an  alkaline  carbonate  :  when 
the  lead  solution  is  boiling,  the  precipitate  is  a  basic  salt  containing 
33 
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2PbC03.PbH202.  It  is  also  manafactnred  to  an  immense  extent  by  other 
means  for  the  use  of  the  painter.  Pure  lead  carbonate  is  a  soft  white 
powder,  of  great  specific  gravity,  insoluble  in  water,  but  easily  dissolved 
by  dilute  nitric  or  acetic  acid.  Of  the  many  methods  put  in  practice,  or 
proposed,  for  making  white  lead,  the  two  following  are  tiie  most  important 
and  interesting.  One  of  these  consists  in  forming  a  basic  nitrate  or  acetate 
of  lead  by  boiling  finely  powdered  litharge  with  the  neutral  salt.  This 
solution  is  then  brought  into  contact  with  carbonic  acid  gas,  whereby  all 
the  excess  of  oxide  previously  taken  up  by  the  neutral  salt  is  at  once  pre- 
cipitated as  white  lead.  The  solution  strained  or  pressed  from  the  latter  is 
again  boiled  with  litharge,  and  treated  with  carbonic  acid :  these  processes 
are  susceptible  of  indefinite  repetition,  whereby  the  little  loss  of  neutral 
salt  left  in  the  precipitates  is  compensated.  The  second,  and  by  far  the 
more  ancient  method,  is  rather  more  complex,  and  at  first  sight  not  very 
intelligible.  A  great  number  of  earthen  jars  are  prepared,  into  each  of 
which  is  poured  a  few  ounces  of  crude  vinegar ;  a  roll  of  sheet  lead  is 
then  introduced  in  such  a  manner  that  it  shall  neither  touch  the  vinegar 
nor  project  above  the  top  of  the  jar.  The  vessels  are  next  arranged  in  a 
large  building,  side  by  side,  upon  a  layer  of  stable  manure,  or,  still  better, 
spent  tan,  and  closely  covered  with  boards.  A  second  layer  of  tan  is 
spread  upon  the  top  of  the  latter,  and  then  a  second  series  of  pots ;  these 
are  in  turn  covered  with  boards  and  decomposing  bark,  and  in  this  manner 
a  pile  of  many  alternations  is  constructed.  After  the  lapse  of  a  conside- 
rable time,  the  pile  is  taken  down  and  the  sheets  of  lead  are  removed  and 
carefully  unrolled ;  they  are  then  found  to  be  in  great  part  converted  into 
carbonate,  which  merely  requires  washing  and  grinding  to  be  fit  for  use. 
The  nature  of  this  curious  process  is  generally  explained  by  supposing 
the  vapor  of  vinegar  raised  by  the  high  temperature  of  the  fermenting 
matter,  merely  to  act  as  a  carrier  between  the  carbonic  acid  evolved  from 
the  tan  and  the  lead  oxide  formed  under  the  influence  of  the  acid  vapor, 
a  neutral  acetate,  a  basic  acetate,  and  a  carbonate  being  produced  in  suc- 
cession, and  the  action  gradually  travelling  from  the  surface  inwards. 
The  quantity  of  acetic  acid  used  is,  in  relation  to  the  lead,  quite  trifling, 
and  cannot  directly  contribute  to  the  production  of  the  carbonate.  A  pre- 
ference is  still  given  to  the  product  of  this  old  mode  of  manufacture,  on 
account  of  its  superior  opacity,  or  hody^  over  that  obtained  by  precipita- 
tion. Conmiercial  white  lead,  however  prepared,  always  contains  a  certain 
proportion  of  hydrate.  It  is  sometimes  adulterated  with  barium  sulphate. 
When  clean  metallic  lead  is  put  into  pure  water  and  exposed  to  the  air, 
a  white,  crystalline,  scaly  powder  begins  to  show  itself  in  a  few  hours,  and 
very  rapidly  increases  in  quantity.  This  substance  may  consist  of  lead 
hydrate,  formed  by  the  action  of  the  oxygen  dissolved  in  the  water  upon 
the  lead.  It  is  slightly  soluble,  and  may  be  readily  detected  in  the  water. 
In  most  cases,  however,  the  formation  of  this  deposit  is  due  to  the  action 
of  the  carbonic  acid  dissolved  in  the  water :  it  consists  of  carbonate  in 
combination  with  hydrate,  and  is  nearly  insoluble  in  water.  When  com- 
mon river  or  spring  water  is  substituted  for  the  pure  liquid,  this  eflfect  is 
less  observable,  the  little  sulphate,  almost  invariably  present,  causing  the 
deposition  of  a  very  thin  but  closely  adherent  film  of  lead  sulphate  upon 
the  surface  of  the  metal,  which  protects  it  from  further  action.  It  is  on 
this  account  that  leaden  cisterns  are  used  with  impunity,  at  least  in  most 
cases,  for  holding  water :  if  the  latter  were  quit«  pure,  it  would  be  speedily 
contaminated  with  lead,  and  the  cistern  would  be  soon  destroyed.  Natu- 
ral water  highly  charged  with  carbonic  acid  cannot,  under  any  circum- 
stanc^»,  be  kept  in  lead  or  passed  through  leaden  pipes  with  safety,  the 
carbonate,  though  insoluble  in  pure  water,  being  slightly  soluble  in  water 
containing  carbonic  acid. 
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The  soluble  salts  of  lead  behave  with  reaj^ents  as  follows  : — 
Caustic  i>otnsh  and  soda  precipitate;  a  white  hydrate  freely  soluble  in  ex- 
cess. Ariiiuouia  gives  a  similar  white  precipitate,  not  soluble  in  excess. 
The  carbonates  of  potassium  j  sodium,  and  ammonium  precipitate  lead  carbonate, 
insoluble  in  excess.  Sulphuric  acid  or  a  sulphate  causes  a  white  precipitate 
of  lead  sulphate,  insoluble  in  nitric  acid.  Hydrogen  sulphide  and  ammonium 
sulphide  throw  down  black  lead  sulphide.  Lead  is  readily  detected  before 
the  blowpipe  by  fusing  the  compound  under  examination  on  charcoal  with 
soilium  carbonate,  when  a  Ix^ad  of  metal  is  easily  obtained,  which  is  re- 
cognized by  its  chemical  as  well  as  physical  properties. 


An  alloy  of  2  parts  of  lead  and  1  of  tin  constitutes /j/umft^***  solder;  these 
proportions  reversed  give  a  more  fusible  compound,  called  ./iwe  solder.  The 
lead  employed  in  the  manufacture  of  shot  is  combined  with  a  little  arsenic. 
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CLASS  v.— PENTAD  METALS. 


ANTIMONT. 

Atomic  weight,  122.    Symbol,  Sb  (Stibium). 

Tnis  important  metal  is  found  chiefly  in  the  state  of  sulphide.  The  ore 
is  freed  by  fusion  from  earthy  impurities,  and  is  afterwards  decomposed  by 
heating  with  metallic  iron  or  potassium  carbonate,  which  retains  the  sul- 
phur. 

Antimony  has  a  bluish-white  color  and  strong  lustre :  it  is  extremely 
brittle,  being  reduced  to  powder  with  the  utmost  ease.  Its  specific  gravity 
is  6.8 ;  it  melts  at  a  temi)erature  just  short  of  redness,  and  boils  and  vola- 
tilizes at  a  white  heat.  It  has  always  a  distinct,  crystalline,  platy  struc- 
ture, but  by  particular  management  it  may  be  obtained  in  crystals,  which 
are  rhombohedral.*  It  is  not  oxidized  by  the  air  at  common  temperatures : 
when  strongly  heated,  it  burns  with  a  white  flame,  producing  oxide,  which 
is  often  deposited  in  beautiful  crystals.  It  is  dissolved  by  hot  hydrochlo- 
ric acid,  with  evolution  of  hydrogen  and  production  of  chloride.  Kitric 
acid  oxidizes  it  to  antimonio  acid,  which  is  insoluble  in  that  liquid. 

Antimony  forms  two  classes  of  compounds,  the  antimonious  compounds 
in  which  it  is  trivalent,  as  SbCl,,  Sb,Oj,  SbjSj,  etc.,  and  the  antimonio  com- 
pounds in  which  it  is  quinquivalent,  as  SbCl^,  SbjO^,  Sb,Sj,  etc. 

Chlorides. — ^The  trichloride  or  Antimonious  chloride^  SbClj,  formerly  called 
butter  of  antimony,  is  produced  when  hydrogen  sulphide  is  prepared  by  the 
action  of  strong  hydrochloric  acid  on  antimonious  sulphide.  The  impure 
and  highly  acid  solution  thus  obtained  is  put  into  a  retort  and  distilled, 
until  each  drop  of  the  condensed  product,  on  falling  into  the  aqueous 
liquid  of  the  receiver,  produces  a  copious  white  precipitate.  The  reoeiver 
is  then  changed  and  the  distillation  continued.  Pure  antimonious  chloride 
then  passes  over,  and  solidifies  on  cooling  to  a  white,  highly  crystalline 
mass,  from  which  the  air  must  be  carefully  excluded.  The  same  com- 
pound is  formed  by  distilling  metallic  antimony  in  powder  with  2^  times 
its  weight  of  corrosive  sublimate.  Antimonious  chloride  is  very  deliques- 
cent :  it  dissolves  in  strong  hydrochloric  acid  without  decomposition,  and 
the  solution  poured  into  water  gives  rise  to  a  white  bulky  precipitate, 
which,  after  a  short  time,  becomes  highly  crystalline,  and  assames  a  pale 
fawn  color.  This  is  the  old  powder  of  Algaroth ;  it  is  a  oomi)ound  of  tri- 
chloride and  trioxide  of  antimony.  Alkaline  solutions  extract  the  chlo- 
ride and  leave  the  oxide.  Finely  powdered  antimony  thrown  into  chlorine 
gas  takes  fire. 

The  PentacJdoride  or  Antimonio  ddoride^  SbClg,  is  formed  by  passing  a 
stream  of  chlorine  gas  over  gently  heated  metallic  antimony :  a  mixture 
of  the  two  chlorides  results,  which  may  be  separated  by  distillation.  The 
pentachloride  is  a  colorless  volatile  liquid,  which  forms  a  crystalline  com- 
pound with  a  small  portion  of  water,  but  is  decomposed  by  a  larger  quan- 
tity into  antimonio  and  hydrochloric  acids. 

*  On  electrolvzlnfc  a  ■oltiMon  of  one  part  of  tartAr-<'nietio  In  4  pftrts  of  antimo- 
nious chloride  by  a  Bmnll  battery  oT  two  elementfi,  antimony  Torminj^  the  positive, 
and  metallic  copper  of  the  negative  pole,  cruatti  of  antimony  are  obtained,  which 

Eossesa  the  remarkable  property  of  explodlncf  nnd  catching  flro  when  cracked  or 
roken.— Qoro,  Proceedingt  of  tKe  Royal  Society^  ix.  70. 
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AntlxnoiilOTUi   Hydride.    Antimonetted  Hydrogen.     Stlbine, 

SbH,. — ^When  zino  is  pat  into  a  solutiou  of  antimouious  oxide,  and  sul- 
phnrio  acid  added,  part  of  the  hydrogen  combines  with  the  antimony,  and 
the  resulting  gas,  which  ia  a  mixture  of  stibine  with  free  hydrogen,  burns 
with  a  greenish  flame,  giving  rise  to  white  fumes  of  antimonious  oxide. 
When  the  gas  is  conducted  through  a  red-hot  glass  tube  of  narrow  dimen- 
sions, or  burned  with  a  limited  supply  of  air,  as  when  a  cold  i>orcelain 
surface  is  pressed  into  the  flame,  metallic  antimony  is  deposited.  On  pass- 
ing a  current  of  antimonetted  hydrogen  through  a  solution  of  silver  nitrate, 
a  black  precipitate  is  obtained,  containing  SbAg, :  from  the  formation  of 
this  oompound  it  is  inferred  that  the  gas  has  the  composition  SbH,,  analo- 
gous to  ammonia,  phosphine,  and  arsine.  There  are  also  several  analogous 
oompohnds  of  antimony  with  alcohol-radicles,  such  as  trimetkyUtibine, 
SbCCH,),,  triethylstibine,  SbCCjH^),,  etc. 

Ojddes. — ^Antimony  forms  two  oxides,  Sb,0,  and  Sb^Og,  analogous  to 
the  chlorides,  the  first  being  a  basic  and  the  second  an  acid  oxide,  also  an 
intermediate  neutral  oxide,  8^04.  The  trioxide,  or  Antimonious  oxide, 
SbgO,,  occurs  native,  though  rarely,  as  valentinite,  or  white  antimony,  in 
shining  white  trimetric  crystals  ;  also  as  senarmontiie  in  regular  octohedrons : 
it  is  therefore  dimorphous.  It  may  be  prepared  by  several  methods  :  as 
by  burning  metallic  antimony  at  the  bottom  of  a  large  red-hot  crucible,  in 
which  case  it  is  obtained  in  brilliant  crystals  ;  or  by  pouring  solution  of 
antimonious  chloride  into  water,  and  digesting  the  resulting  precipitate 
with  a  solution  of  sodium  carbonate.  The  oxide  thus  produced  is  anhy- 
drous ;  it  is  a  pale  buff'-colored  powder,  fnsible  at  a  red  heat,  and  volatile 
in  a  closed  vessel,  but  in  contact  with  air  at  a  high  temperature,  it  absorbs 
oxygen  and  becomes  changed  into  the  tetroxide.  When  boiled  with  cream 
of  tartar  (acid  potassium  tartrate),  it  is  dissolved,  and  the  solution  yields 
on  evaporation  crystals  of  tartar  emetic,  which  is  almost  the  only  antimo- 
nious salt  that  can  bear  admixture  with  water  without  decomposition.  An 
impure  oxide  for  this  purpose  is  sometimes  prepared  by  carefully  roasting 
the  powdered  sulphide  in  a  reverberatory  furnace,  and  raising  the  heat  at 
the  end  of  the  process,  so  as  to  fuse  the  product :  it  has  long  been  known 
under  the  name  glass  of  antimony,  or  vitrum  antimonii. 

Antimonious  oxide  likewise  acts  as  a  feeble  acid,  forming  salts  called 
antimonites  which,  however,  are  very  unstable. 

The  tetroxide,  or  Antimotioso-antimonic  oxide,  Sbj,04,  or  Sb^Oj.SbjOj,  occurs 
native  as  cervantite,  or  antimony  ochre,  in  acicular  crystals,  or  as  a  crust  or 
powder.  It  is  the  ultimate  product  of  the  oxidation  of  the  metal  by  heat 
and  air :  it  is  a  grayish-white  powder,  infusible  and  non-volatile,  insoluble 
in  water  and  acids,  except  when  recently  precipitated.  On  treating  it 
with  tartaric  acid  (acid  potassium  tartrate),  antimonious  oxide  is  dissolved, 
antimonio  acid  remaining  behind  ;  and  when  a  solution  of  the  tetroxide  in 
hydrochloric  acid  is  gradually  dropped  into  a  large  quantity  of  water, 
antimonious  oxide  is  precipitated,  while  antimonic  acid  remains  dissolved. 
From  these  and  similar  reactions,  it  has  been  inferred  that  the  tetroxide  is 
a  compound  of  trioxide  and  pentoxide.  On  -  the  other  hand,  it  is  some- 
times regarded  as  a  distinct  oxide,  because  it  dissolves  without  decompo- 
sition in  alkalies,  forming  salts  (often  called  antimonites),  which  may  be 
obtained  in  the  solid  state.  Two  potassium  salts,  for  example,  have  been 
formed,  containing  K20.Sb204  and  E,0.2Sb,04 ;  and  a  calcium  salt,  3CaO. 
2Sb,04,  o<^Qi^  ^  ft  natural  mineral,  called  romeine.  These  salts  may,  l!bw- 
ever,  be  regarded  as  compounds  of  antimonates  and  antimonites  (contain- 
ing ShjOj):  thus,  2(K20.Sb,04)  =  KjO.SbjO^ -f-  K^O.SbjOs. 

The  pentoxide,  or  Antimonic  oxide,  SbjOj,  is  formed  as  an  insoluble  hy- 
drate when  strong  nitric  acid  is  made  to  act  upon  metallic  antimony  ;  and, 
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on  exposing  this  hydrate  to  a  heat  short  of  redness,  it  yields  the  anhydrous 
pentoxide  as  a  pale  straw-colored  powder,  insoluble  in  water  and  acids. 
It  is  decomposed  by  a  red  heat,  yielding  the  tetroxide. 

Hydrated  antimonic  oxide  is  likewise  obtained  by  decomposing  antimony 
pentachloride  with  an  excess  of  water,  hydrochloric  acid  being  formed  at 
the  same  time.  The  hydrated  oxides,  or  acids,  produced  by  the  two  pro- 
cesses mentioned,  differ  in  many  of  their  properties,  and  especially  in 
their  deportment  with  bases.  The  acid  produced  by  nitric  acid,  called 
antimonicacid,  is  monobasic,  producing  normal  salts  of  the  form  M,0. 
SbjO,,  or  MSbOg  and  acid  salts  containing  Mj0.2Sb,05,  or  2MSbO,.Sb,06.  The 
other,  called  metantimonic  acid,  is  bibasic,  forming  normal  salts  con- 
taining 2M,O.Sb205,  or  MfSb^O,,  and  acid  salts  containing  2M,0.2Sb205,  or 
MjO.SbgOg,  so  that  the  acid  metantimonates  are  isomeric  or  polymeria  with 
the  normal  antimonates.  Among  the  metantimonates  an  acid  potassium 
salt,  KjO.SbjjOg.THjO,  is  to  be  particularly  noticed  as  yielding  a  precipitate 
with  sodium  salts  :  it  is,  indeed,  the  only  reagent  which  precipitates  sodium. 
It  is  obtained  by  fusing  antimonic  oxide  with  an  excess  of  potash  in  a  silver 
crucible,  dissolving  the  fused  mass  in  a  small  quantity  of  cold  water,  and 
allowing  it  to  crystallize  in  a  vacuum.  The  crystals  consist  of  normal 
potassium  metantimonate,  2K20.Sb20g,  and,  when  dissolved  in  pure  water, 
are  decomposed  into  free  potash  and  acid  metantimonate. 

Sulphides. — The  trisulphidey  or  Antimonious  sulphide^  Sb^S,,  occurs  native 
as  a  lead-gray,  brittle  substance,  having  a  radiated  crystalline  texture, 
and  easily  fusible.  It  may  be  prepared  artificially  by  melting  together 
antimony  and  sulphur.  When  a  solution  of  tartar-emetic  is  precipitated 
by  hydrogen  sulphide,  a  brick-red  precipitate  falls,  which  is  the  same 
substance  combined  with  a  little  water.  If  the  precipitate  be  dried  and 
gently  heated,  the  water  may  be  expelled  without  other  change  of  color 
than  a  little  darkening,  but  at  a  higher  temperature  it  assumes  the  color 
and  aspect  of  the  native  sulphide.  This  remarkable  change  probably  in- 
dicates a  passage  from  the  amorphous  to  the  crystalline  state.  When 
powdered  antimonious  sulphide  is  boiled  In  a  solution  of  caustic  potash,  it 
is  dissolved,  antimonious  oxide  and  potassium  sulphide  being  produced ; 
and  the  latter  unites  with  an  additional  quantity  of  antimonious  sulphide 
to  form  a  soluble  sulphur  salt,  in  which  the  potassium  sulphide  is  the 
sulphur-base,  and  the  antimonious  sulphide  is  the  sulphur-acid : 

SKjO  +  2Sb,S,  =  SbjOj  -f  SKjS.SbjS,. 

The  antimonious  oxide  separates  in  small  crystals  from  the  boiling  solu- 
tion when  the  latter  is  concentrated,  and  the  sulphur-salt  dissolves  an 
extra  portion  of  antimonious  sulphide,  which  it  again  deposits  on  cooling 
as  a  red  amorphous  powder,  containing  a  small  admixture  of  antimonious 
oxide  and  potassium  sulphide.  This  is  the  kermes  mineral  of  the  old  chem- 
ists. The  filtered  solution  mixed  with  an  acid  gives  a  potassium  salt, 
hydrogen  sulphide,  and  precipitated  antimonious  sulphide.  Kermes  may 
also  be  made  by  fusing  a  mixture  of  5  parts  antimonious  sulphide  and  3 
of  dry  sodium  carbonate,  boiling  the  mass  in  80  parts  of  water,  and  filter- 
ing while  hot :  the  compound  separates  on  cooling.  The  compounds  of 
antimonious  sulphide,  with  basic  sulphides  are  called  sulphantimcmUes ; 
many  of  them  occur  as  natural  minerals.  For  example :  zinkenite,  PbS. 
SbjS, ;  feather-ore,  ZPbS.Sb^a, ;  boulangerite,  3PbS.ISl),S, ;  fahlore,  or  tetra- 
heAite,  4Cu2S.Sb,Sj|,  the  antimony  being  more  or  less  replaced  by  arsenic, 
and  the  copper  by  silver,  iron,  zinc,  and  mercury. 

The  pentasulphidej  or  Antimonic  rulpkide,  SbgS^,  formerly  called  sulphur 
auratum^  is  also  a  sulphur-acid,  forming  salts  called  sulphantimonaieSf  most 
9f  wh^ch  h(^ye  the  composition  SM^^S.^b^S^  or  MjSbS^,  analogous  to  the 
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normal  orthopbosphates  and  arsenates.  When  18  parts  of  finely  powdered 
antimonious  sulphide,  17  parts  dry  sodium  carbonate,  13  parts  slaked 
lime,  and  3^  parts  sulphur,  are  boiled  in  water  for  some  hours,  calcium 
carbonate,  sodium  antimonate,  antimony  pentasulphide,  and  sodium  sul- 
phide are  produced.  The  firat  is  insoluble,  and  tiie  second  partially  so : 
the  two  last-named  bodies,  on  the  contrary,  unite  to  form  soluble  sodium 
sulphantimonate,  Na,SbS^,  which  may  be  obtained  by  evaporation  in 
beautiful  crystals.  A  solution  of  this  substance,  mixed  with  dilute  sul- 
pliuric  acid,  furnishes  sodium  sulphate,  hydrogen  sulphide,  and  antimony 
pentasulphide,  which  falls  as  a  golden-yellow  Hocculent  precipitate. 

The  sulphantimonates  of  the  alkali-metals  and  alkaline  earth  metals  are 
very  soluble  in  water,  and  crystallize  for  the  most  part  with  several  mole- 
cules of  water.  Those  of  the  heavy  metals  are  insoluble,  and  are  obtained 
by  precipitation.  

The  few  salts  of  antimony  soluble  in  water  are  distinctly  characterized 
by  the  orange  or  brick-red  precipitate  with  hydrogen  sulphide^  which  is 
soluble  in  a  solution  of  ammonium  sulphide,  and  again  precipitated  by  an 
acid. 

Antimonions  chloride,  as  already  observed,  is  decomposed  hywcUer,  yield- 
ing a  precipitate  of  oxychloride.  The  precipitate  dissolves  in  hydrochloric 
acid,  and  the  resulting  solution  gives,  with  potash^  a  white  precipitate  of 
trioxide,  soluble  in  a  large  excess  of  the  reagent ;  with  ammonia  the  same, 
insoluble  in  excess  ;  with  potassium  or  sodium  carbonate,  also  a  precipitate 
of  trioxide,  which  dissolves  in  excess,  especially  of  the  potassium  salt,  but 
reappears  after  a  while.  If,  however,  the  solution  contains  tartaric  acid, 
the  precipitate  formed  by  potash  dissolves  easily  in  excess  of  the  alkali ; 
ammonia  forms  but  a  slight  precipitate,  and  the  precipitates  formed  by 
alkaline  carbonates  are  insoluble  in  excess.  The  last  mentioned  characters 
are  likewise  exhibited  by  a  solution  of  tartar-emetic  (potassio-antimonious 
tartrate).  Zinc  and  iron  precipitate  antimony  from  its  solutions  as  a  black 
powder.  Copper  precipitates  it  as  a  shining  metallic  film,  which  may  be 
dissolved  off  by  potassium  permanganate,  yielding  a  solution  which  will 
^ve  the  characteristic  red  precipitate  with  hydrogen  sulphide. 

Solid  antimony-compounds,  fused  upon  charcoal  with  sodium  carbonate 
or  potassium  cyanide,  yield  a  brittle  globule  of  antimony,  a  thick  white 
fame  being  at  the  same  time  given  off,  and  the  charcoal  covered  to  some 
distance  around  with  a  white  deposit  of  oxide. 


Besides  its  application  to  medicine,  antimony  is  of  great  importance  in 
the  arts,  inasmuch  as,  in  combination  with  lead,  it  forms  type-metal.  This 
alloy  expands  at  the  moment  of  solidifying,  and  takes  an  exceeding  sharp 
impression  of  the  mould.  It  is  remarkable  that  both  its  constituents  shrink 
nnder  similar  circumstances,  and  make  very  bad  castings. 

Britannia  metal  is  an  alloy  of  9  parts  tin  and  1  part  antimony,  frequently 
also  containing  small  quantities  of  copper,  zinc,  or  bismuth.  An  alloy  of 
12  parts  tin,  1  part  antimony,  and  a  small  quantity  of  copper,  forms  a 
superior  kind  of  pewter.  Alloys  of  antimony  with  tin,  or  tin  and  lead, 
are  now  much  used  for  machinery-bearings  in  place  of  gun-metal.  Alloys 
of  antimony  with  nickel  and  with  silver  occur  as  natural  minerals. 

Antimony  trisulphide  enters  into  the  composition  of  the  blue  signal- 
lights  used  at  sea.* 

*  Blue  or  Benf^nl  light : 

Dry  potassium  nitrate 6  parts. 

Sulphur 2     ** 

Antimony  trisulphide 1  part. 

All  In  fine  powder,  and  intimately  mixed. 
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ARSENIC. 

Atomio  weight,  75.    Symbol,  Am. 

Abssevio  is  Bometimes  fouud  native :  it  occurs  in  considerable  quantity 
as  a  constituent  of  many  minerals,  combined  with  metals,  sulphur  and 
oxygen.  In  the  oxidized  state,  it  has  been  found  in  very  minute  quantity 
in  a  great  many  mineral  waters.  The  largest  proportion  is  derived  from 
the  roasting  of  natural  arsenides  of  iron,  nickel,  and  cobalt.  The  opera- 
tion is  conducted  in  a  reverberatory  furnace,  and  the  volatile  products  are 
condensed  in  a  long  and  nearly  horizontal  chimney,  or  in  a  kind  of  tower 
of  brickwork,  divided  into  numerous  chambers.  The  crude  arsenious 
oxide  thus  produced  is  purified  by  sublimation,  and  then  heated  with 
charcoal  in  a  retort ;  the  metal  is  reduced,  and  readily  sublimes. 

Arsenic  has  a  steel-gray  color,  and  high  metallic  lustre :  it  is  crystalline 
and  very  brittle ;  it  tarnishes  in  the  air,  but  may  be  preserved  unchanged 
in  pure  water.  Its  density,  in  the  solid  state,  is  5.7  to  5.9.  When  heated, 
it  volatilizes  without  fusion,  and,  if  air  be  present,  oxidizes  to  arsenious 
oxide.  Its  vapor-density,  compared  with  that  of  hydrogen,  is  150,  which 
is  twice  its  atomic  weight,  so  that  its  molecule  in  the  gaseous  state,  like 
that  of  phosphorus,  occupies  only  half  the  volume  of  a  molecule  of  hydro- 
gen (p.  228).     The  vapor  has  the  odor  of  garlic. 

Arsenic  combines  with  metals  in  the  same  manner  as  sulphur  and 
phosphorus,  which  it  resembles,  especially  the  lattor,  in  many  respects : 
indeed,  it  is  often  regarded  as  a  metalloKd. 

Arsenic,  like  nitrogen,  behaves  in  most  respects  as  a  triad  element,  not 
being  capable  of  uniting  with  more  than  three  atoms  of  any  one  monad 
element.  Thus  it  forms  the  compounds  AsHj,  AsClj,  AsBr,,  etc.,  but  no 
compound  analogous  to  the  pentachloride  of  phosphorus  or  antimony. 
But  just  as  ammonia,  NH,,  can  take  up  the  elements  of  hydrochloric  acid 
to  form  sal-ammoniac,  NH^Cl,  in  which  nitrogen  appears  quinquivalent, 
so  likewise  can  arsenetted  hydrogen  or  arsine,  AsHj,  unite  with  the  chlo- 
rides, bromides,  etc.,  of  the  radicles,  methyl,  ethyl,  etc.,  to  form  salts  in 
which  the  arsenic  appears  to  be  quinquivalent,  c.  g. : — 

Arsenethylium  bromide        .        .        .    ABH8(C2n5)Br, 
Arsenmethylium  chloride      .         •         •    AsHj(CH5)Cl, 

In  like  manner,  arsentrimethyl,  AsCCHg),,  unites  with  the  chlorides  of  me- 
thyl and  ethyl,  forming  the  compounds  A8(CHj)4a  and  As(CH8)3(CjHj)Cl. 

Arsenic  likewise  forms  two  oxides,  viz.,  arsenious  oxide,  A8,0„  and 
arsenic  oxide,  As^Og,  with  corresponding  acids  and  salts,  analogous  to  the 
phosphorous  and  phosphoric  compounds :  the  arsenates,  in  particular,  are 
isomorphous  with  the  orthophosphates,  and  resemble  them  closely  in  many 
other  respects. 

Arseniotui  Chloiicle,  AsCl,.— This,  the  only  known  chloride  of  arsenic, 
is  produced,  with  emission  of  heat  and  light,  when  powdered  arsenic  is 
thrown  into  chlorine  gas.  It  is  prepared  by  distilling  a  mixture  of  1  part 
of  metallic  arsenic  and  6  parts  of  corrosive  sublimate,  and  by  distilling 
arsenious  oxide  with  strong  hydrochloric  acid,  or  with  a  mixture  of  common 
salt  and  sulphuric  acid.  It  is  a  colorless,  volatile,  highly  poisonous  liquid, 
decomposed  by  water  into  arsenious  and  hydrochloric  acids.  Arsemotu 
iodide,  Asl,,  is  formed  by  heating  metallic  arsenic  with  iodine :  it  is  a  deep 
red  crystalline  substance,  capable  of  sublimation.  The  corresponding  bro- 
mide &udJluoride  are  both  liquid. 
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Hydrides. — Arsenic  forms  two  hydrides,  oontainlng  2  and  3  atoms  of 
hvdrot^en  combined  with  1  atom  of  arsenic. 

The  trih^ridey  ArMnious  hydride^  Arsenetted  hydrogen  or  Artine^  AsH„  an- 
alogous in  oompoeition  to  ammonia,  phosphiue,  and  stibine,  is  obtained 
pare  by  the  action  of  strong  hydrochloric  acid  on  an  alloy  of  equal  parts 
of  zinc  and  arsenic,  and  is  produced  in  greater  or  lesser  proportion  whenever 
hydrogen  is  set  free  in  contact  with  arseuious  acid.  Arsenetted  hydrogen 
is  a  colorless  gas,  of  specific  gravity  2.695,  slightly  soluble  in  water,  and 
having  the  smell  of  garlic.  It  bums,  when  kindled,  with  a  blue  flame, 
generating  arsenious  acid.  It  is  also  decomposed  by  transmission  throug^i 
a  red-hot  tube.  Many  metallic  solutions  are  precipitated  by  this  substance. 
When  inhaled,  it  is  exceedingly  poisonous,  even  in  very  minute  quantity. 

AsH, 

The  dihydride^  AsH,,  or  rather  As^H^s^  |        ,  is  produced  by  passing  an 

AsH, 
electric  onrrent  through  water,  the  negative  pole  being  formed  of  metallic 
arsenic ;  also  when  potassium  or  sodium  arsenide  is  dissolved  in  water. 
It  is  a  brown  powder,  which  gives  off  hydrogen  when  heated  in  a  close 
ressel,  and  burns  when  heated  in  the  air.  It  is  analogous  in  composition 
to  arsendimethyl  or  cacodyl,  As.j(CiI,)4. 

Araenloiis  Oxide,  Acid,  and  Salts. — Arsenious  oxide,  AsjO,,  also 
called  white  oxide  of  arsenic,  is  produced  in  the  manner  already  mentioned. 
It  is  commonly  met  with  in  the  form  of  a  heavy,  white,  glassy-looking  sub- 
stance, with  smooth  conchoidal  fracture,  having  evidently  undergone  fusion. 
When  freshly  prepared  it  is  often  transparent,  but  by  keeping  becomes 
opaque,  at  the  same  time  slightly  diminishing  in  density,  and  acquiring  a 
greater  degree  of  solubility  in  water.  100  parts  of  that  liquid  dissolve  at 
llHP  about  11.5  parts  of  the  opaque  variety :  the  larger  portion  separates, 
however,  on  cooling,  leaving  about  three  parts  dissolved :  the  solution, 
which  contains  arsenious  acid,  feebly  reddens  litmus.  Cold  water,  agitated 
with  powdered  arsenious  oxide,  takes  up  a  still  smaller  quantity.  Alkalies 
dissolve  this  substance  freely,  forming  arsenites ;  compountls  with  am- 
xaonia,  baryta,  strontia,  lime,  magnesia,  and  manganous  oxide  also  have 
been  formed :  the  silver  salt  is  a  beautiful  lemon-yellow  precipitate.  The 
arsenites  are,  however,  very  unstable.  Those  which  have  the  composition 
BlgAsOs,  or  3Jd,O.As,03,  ^^^  regarded  as  normal  salts ;  there  are  also  arse- 
nites containing  M^AsjOs,  or  2\l20.As,0„  and  MAsO,,  or  MjO.ASjOj,  besides 
acid  salts.  Arsenious  oxide  is  easily  soluble  in  hot  hydrochloric  acid.  Its 
vapor  is  colorless  and  inodorous,  and  it  crystallizes  on  solidifying  in  bril- 
liant transparent  octohedrons.  The  oxide  or  acid  itself  has  a  feeble  sweet- 
ish and  astringent  taste,  and  is  a  most  fearful  poison. 

Arsenio  Oxide,  Aoid  and  Salts. — When  powdered  arsenious  oxide 
is  dissolved  in  hot  hydrochloric  acid,  and  oxidized  by  the  addition  of  nitric 
acid,  the  latter  being  added  as  long  as  red  vapors  are  produced,  the  whole 
then  cautiously  evaporated  to  complete  dryness,  and  the  residue  heated  to 
low  redness,  arsenio  oxide,  As^O^,  remains  in  the  form  of  a  white  anhy- 
drous mass  which  has  no  action  upon  litmus.  When  strongly  heated,  it 
is  resolved  into  arsenioas  oxide  and  free  oxygen.  In  water  it  dissolves 
slowly  but  completely,  giving  a  highly  acid  solution,  which,  on  being 
evaporated  to  a  syrupy  consistence,  deposits,  after  a  time,  hydrated  crys- 
tals of  arsenio  acid,  containing  2II,As04.H30,  or  SH^O.As^Oj-V  Aq.  These 
crystals,  when  heated  to  100^,  give  off  their  water  of  crystallization  and 
leave  trihydric  arsenate,  HjAsO^,  or  SH^O.ASjOj ;  at  140O-160O,  dihydric 
co-senate,  H^As^Of,  or  2H,O.As,05,  ^®  ^^^  5  ^^^  **  260O,  monohydric  arsenate, 
UAsOj,  or  U,O.As,0j.  The  aqueous  solutions  of  the  three  hydrates  and 
of  the  anhydrous  oxide  exhibit  exactly  the  same  characters,  and  all  con- 
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tain  trihydric  arsenate,  the  other  hydrates  being  immediatolj  oonvertpd 
into  that  oonipouud  when  dissolved  in  water  ;  in  this  respect  the  ]iydraU*d 
of  ajraenic  oxide  differ  essentially  from  those  of  phosphoric  oxide  (p.  217). 
Arsenic  acid  is  a  very  powerful  acid,  forming  salts  isomorphous  with 
the  corresponding  phosphates :  it  is  also  tribasic.  A  sodium  arsenate, 
Na2HAs04.12U20,  uudistinguishable  in  appearance  from  common  sodium 
phosphate,  may  be  prepared  by  adding  the  carbonate  to  a  solution  of 
arsenic  acid,  until  an  alkaline  reaction  is  apparent,  and  then  evaporating. 
This  salt  also  crystallizes  with  7  molecules  of  water.  Anotlier  ansenate, 
I^a,As04.12H,0,  is  produced  when  sodium  carbonate  in  excess  is  fused  with 
arsenic  acid,  or  when  the  preceding  salt  is  mixed  with  caustic  soda.  A 
third,  NaUgAsO^.U^O,  is  made  by  substituting  an  excess  of  arsenic  acid 
for  the  solution  of  alkali.  The  alkaline  arsenates  which  contain  basic 
water  lose  the  latter  at  a  red  heat,  but,  unlike  the  phosphates,  recover 
it  when  again  dissolved.  The  arsenates  of  the  alkalies  are  soluble  in 
water :  those  of  the  earths  and  other  metallic  oxides  are  insoluble,  but  are 
dissolved  by  acids.  The  precipitate  with  silver  nitrate  is  highly  charac- 
teristic of  arsenic  acid :  it  is  reddish-brown. 

Snlphidea. — ^Two  sulphides  of  arsenic  are  known.  The  disulphide^ 
AsgS,,  occurs  native  as  Realgar,  It  is  formed  artificially  by  heating  arsenic 
acid  with  the  proper  proportion  of  sulphur.  It  is  an  orange-red,  fusible, 
and  volatile  substance,  employed  in  painting,  and  by  the  pyrotechnist  in 
making  white  fire.  The  tristdphide  or  arsenious  stdphidcy  As.^,  also  occurs 
native  as  Orpiment,  and  is  prepared  artificially  by  fusing  arsenic  with  the 
appropriate  quantity  of  sulphur,  or  by  precipitating  a  solutioVi  of  arsenious 
acid  with  hydrogen  sulphide.  It  is  a  golden-yellow,  crystalline  substance, 
fusible,  and  volatile  by  heat.  A  cold  solution  of  arsenic  acid  is  not  imme- 
diately precipitated  by  hydrogen  sulphide,  but  after  some  hours  the  solu- 
tion, saturated  with  hydrogen  sulphide,  yields  a  light  yellow  deposit  of 
sulphur,  the  arsenic  acid  being  reduced  to  arsenious  acid,  which  is  then 
gradually  converted  into  lemon-yellow  arsenious  sulphide.  In  boiling 
solutions  the  precipitation  takes  place  immediately.  The  mixture  of  sul- 
phur and  trisulphide  thus  produced,  was  formerly  regarded  as  a  penta- 
sulphide  analogous  to  arsenic  acid. 

The  disulphide  and  trisulphide  of  arsenic  are  sulphur-acids  uniting  with 
other  metallic  sulphides  to  form  sulphur  salts.  Those  of  the  disulphide 
are  called  hyposulpharsenites;  they  are  but  little  known.  The 
salts  of  arsenious  sulphide  are  called  sulpharsenites.  Their  compo- 
sition may  be  represented  by  that  of  the  potassium  salts,  viz.,  KAsSg,  or 
KjS.As^, ;  K^AsjSj,  or  2K^S.ASjS3  ;  and  KjAsS,,  or  3K,S.ASjS,.  Of  these 
the  bibasic  salts  are  the  most  common.  The  sulpharsenites  of  the  alkali- 
metals  and  alkaline  earth-metals  are  soluble  in  water,  and  may  be  pre- 
pared by  digesting  arsenious  sulphide  in  the  solutions  of  the  corresponding 
hydrates  or  sulphydrates ;  the  rest  are  insoluble,  and  are  obtained  by 
precipitation.  Sulphur  salts,  called  sulpharsenates,  analogous  in 
composition  to  the  arsenates,  are  produced,  in  like  manner,  by  digesting 
the  mixture  of  sulphur  and  arsenious  sulphide  precipitated,  as  above 
mentioned,  from  arsenic  acid,  in  solutions  of  alkaline  hydrates  or  sulphy- 
drates ;  also  by  passing  gaseous  hydrogen  sulphide  through  solutions  of 
arsenates.  There  are  three  sulpharsenates  of  potassium,  containing, 
KAsSj,  or  K^S.ASjSr  ;  K^As^S,,  or  2K,S.AsaS5 ;  and  KjAsS^,  or  SKjS.As^,. 
The  sulpharsenates  of  the  alkali  metals  and  alkaline  earth  metals  are 
soluble  in  water  ;  the  rest  are  insoluble,  and  are  obtained  by  precipitation. 

Arsenious  acid  is  distinguished  by  characters  which  cannot  be  misun- 
derstood. 
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Silver  niimte,  mixed  with  a  solution  of  arsenious  acid  in  water,  occasions 
no  precipitate,  or  merely  a  faint  cloud :  but  if  a  little  fixed  alkali,  or  a 
drop  of  ammonia,  be  added,  a  yellow  precipitate  of  silver  arsenite  imme- 
diately falls.  The  precipitate  id  exceedingly  soluble  in  excess  of  ammonia ; 
that  liquid  must,  therefore,  be  added  with  great  caution ;  it  is  likewise 
very  soluble  in  nitric  acid. 

Cupric  sulphate  gives  no  precipitate  with  solution  of  arsenious  acid,  until 
the  addition  has  been  made  of  a  little  alkali,  when  a  brilliant  yellow- 
green  precipitate  (Scheele's  green)  falls,  which  also  is  very  soluble  in  ex- 
cess of  ammonia. 

Hydrogen  sulphide,  passed  into  a  solution  of  arsenious  acid,  to  which  a 
few  drops  of  hydrochloric  or  sulphuric  acid  have  been  added,  throws  down 
a  copious  bright-yellow  precipitate  of  orpiment,  which  is  easily  dissolved 
by  ammonia,  and  reprecipitated  by  acids. 

Solid  arsenious  oxide,  heated  by  the  blow-pii)e  in  a  narrow  glass  tube 
with  small  fragments  of  dry  charcoal,  affords  a  sublimate  of  metallic 
arsenic  in  the  shape  of  a  brilliant  steel-gray  metallic  ring.  A  portion  of 
this,  detached  by  the  point  of  a  knife,  and  heated  in  a  second  glass  tube, 
with  access  of  air,  yields,  in  its  turn,  a  sublimate  of  colorless,  transparent, 
octohedral  crystals  of  arsenious  oxide. 

All  these  experiments,  which  jointly  give  demonstrative  proof  of  the 
presence  of  the  substance  in  question,  may  be  performed  with  perfect  pre- 
cLiion  and  certainty  upon  exceedingly  small  quantities  of  material. 

The  detection  of  arsenious  acid  in  complex  mixtures,  containing  organic 
matter  and  common  salt,  as  beer,  gruel,  soup,  etc.,  or  the  fluid  contents  of 
the  stomach  in  cases  of  poisoning,  is  a  far  more  difficult  problem,  but  one 
which  is,  unfortunately,  often  required  to  be  solved.  These  organic  matters 
interfere  completely  with  the  liquid  tests,  and  render  their 
indications  worthless.  Sometimes  the  difficulty  may  be  eluded 
by  a  diligent  search  in  the  suspected  liquid,  and  in  the  vessel 
containing  it,  for  fragments  or  powder  of  solid  arsenious  oxide, 
which,  from  its  small  degree  of  solubility,  often  escape  solu- 
tion, and  from  the  high  density  of  the  substance,  may  be 
found  at  the  bottom  of  the  vessels  in  which  the  fluids  are  con- 
tained. If  anything  of  the  kind  be  found,  it  may  be  washed 
by  decantation  with  a  little  cold  water,  dried,  and  then  re- 
duced with  charcoal.  For  the  latter  purpose,  a  small  glass 
tube  is  taken,  having  the  figure  represented  in  the  margin ; 
white  German  glass,  free  from  lead,  is  to  be  preferred.  The 
arsenious  oxide,  or  what  is  susp<icted  to  be  such,  is  dropped 
to  the  bottom,  and  covered  with  splinters  or  little  fragments 
of  charcoal,  the  tube  being  filled  to  the  shoulder.  The  whole 
is  gently  heated,  to  expel  any  moisture  that  may  be  present 
in  the  charcoal,  and  the  deposited  water  wiped  from  the  inte- 
rior of  the  tube  with  bibulous  paper.  The  narrow  part  of  the 
tube  containing  the  charcoal,  from  a  to  6,  is  now  heated  by  the 
blow-pipe  flame ;  when  red  hot,  the  tube  is  inclined,  so  that 
the  bottom  also  may  become  heated.  The  arsenious  oxide,  if 
present,  is  vaporized,  and  reduced  by  the  charcoal,  and  a  ring  of  metallic 
arsenic  deposited  on  the  cool  part  of  the  tube.  To  complete  the  experi- 
ment, the  tube  may  be  melted  at  a  by  the  point  of  the  flame,  drawn  off, 
and  closed,  and  the  arsenic  oxidized  to  arsenious  oxide,  by  chasing  it  up 
and  down  by  the  heat  of  a  small  spirit-lamp.  A  little  water  may  after- 
wards be  introduced,  and  boiled  in  the  tube,  by  which  arsenious  oxide 
will  be  dissolved,  and  to  this  solution  the  tests  of  silver  nitrate  and 
ammonia,  copper  sulphate  and  ammonia,  and  hydrogen  sulphide,  may  be 
applied. 


Fig.  167. 
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When  the  search  for  solid  arsenions  oxide  fails,  the  liquid  itself  mast  be 
examined ;  a  tolerably  limpid  solution  must  be  obtained,  from  which  the 
arsenic  may  be  precipitated  by  hydrogen  sulphide,  and  the  orpiment  col- 
lected, and  reduced  to  the  metallic  state.  It  is  in  the  first  part  of  this 
operation  that  the  chief  difficulty  is  found :  such  organic  mixtures  refuse 
to  filter,  or  filter  so  slowly  as  to  render  some  method  of  acceleration  indis- 
pensable.* Boiling  with  a  little  caustic  potash  or  acetic  acid  will  some- 
times effect  this  object.  The  following  is  an  outline  of  a  plan  which  has 
been  found  successful  in  a  variety  of  cases  in  which  a  very  small  quantity 
of  arsenious  acid  had  been  purposely  added  to  an  organic  mixture  :  Oil  of 
vitriol,  itself  perfectly  free  from  arsenic,  is  mixed  with  the  suspected 
liquid,  in  the  proportion  of  about  a  measured  ounce  to  a  pint,  having  been 
previously  diluted  with  a  little  water,  and  the  whole  is  boiled  in  a  flask 
for  half  an  hour,  or  until  a  complete  separation  of  solid  and  liquid  matter 
becomes  manifest.  The  acid  converts  any  starch  that  may  be  present  into 
dextrin  and  sugar :  it  (completely  coagulates  albuminous  substances,  and 
casein,  in  the  case  of  milk,  and  brings  the  whole  in  a  very  short  time  into 
a  state  in  which  filtration  is  both  easy  and  rapid.  Through  the  filtered 
solution,  when  cold,  a  current  of  hydrogen  sulphide  is  transmitted,  and 
the  liquid  is  warmed,  to  facilitate  the  deposition  of  the  arsenious  sulphide, 
which  falls  in  combination  with  a  large  quantity  of  organic  matter,  which 
often  communicates  to  it  a  dirty  color.  This  is  collected  upon  a  small 
filter,  and  washed.  It  is  next  transferred  to  a  capsule,  and  heated  with  a 
mixture  of  nitric  and  hydrochloric  acids,  by  which  the  organic  imparities 
are  in  great  measure  destroyed,  and  the  arsenic  oxidized  to  arsenic  acid. 
The  solution  is  evaporated  to  dryness,  the  soluble  part  taken  up  by  dilute 
hydrochloric  acid,  and  then  the  solution  saturated  with  sulphurous  acid, 
whereby  the  arsenic  acid  is  reduced  to  the  state  of  arsenious  acid,  the  sul- 
phurous being  oxidized  to  sulphuric  acid.  The  solution  of  arsenious  acid, 
may  now  be  precipitated  by  hydrogen  sulphide  without  any  difliculty. 
The  liquid  is  warmed,  and  the  precipitate  washed  by  decantation,  and 
dried.  It  is  then  mixed  with  black  Jiux,  and  heated  in  a  small  glass  tube, 
similar  to  that  already  described,  with  similar  precautions  ;  a  ring  of  re- 
duced arsenic  is  obtained,  which  may  be  oxidized  to  arsenious  oxide,  and 
further  examined.  The  black  flux  is  a  mixture  of  potassium  carbonate 
and  charcoal,  obtained  by  calcining  cream  of  tartar  in  a  close  crucible ; 
the  alkali  transforms  the  sulphide  into  arsenious  acid,  the  charcoftl  subse- 
quently effecting  the  deoxidation.  A  mixture  of  anhydrous  sodium  car- 
bonate and  charcoal  may  be  substituted  with  advantage  for  the  common 
black  flux,  as  it  is  less  hygroscopic.        • 

Other  methods  of  proc€»eding,  different  in  principle  from  the  foregoing, 
are  also  employed,  as  that  of  the  late  Mr.  Marsh,  which  is  exceedingly 
delicate.  The  suspected  liquid  is  acidulated  with  sulphuric  acid,  and 
placed  in  contact  with  metallic  zinc ;  the  hydrogen  reduces  the  arscnioas 
acid  and  combines  with  the  arsenic,  if  any  be  present.  The  gas  is  burned 
at  a  jet,  and  a  piece  of  glass  or  porcelain  held  in  the  flame,  when  any  ad- 
mixture of  arsenetted  hydrogen  is  at  once  known  by  the  production  of  a 
brilliant  black  metallic  spot  of  reduced  arsenic  on  the  porcelain  ;  or  the 
gas  is  passed  through  a  glass  tube  heated  at  one  or  two  places  to  redness, 
whereby  the  arsenetted  hydrogen  is  decomposed,  a  ring  of  metallic  arsenic 
appearing  behind  the  heated  portion  of  the  tube. 

It  has  been  observed  (page  389)  that  antimonetted  hydrogen  gives  a 
similar  result.  In  order  to  distinguish  the  two  substances,  the  gas  may 
be  passed  into  a  solution  of  silver  nitrate.  Both  gases  give  rise  to  a  black 
precipitate,  which,  in  the  case  of  antimonetted  hydrogen,  consists  of  silver 

*  Respecting  the  sepAration  of  the  arsenious  acid  by  diAlyats,  see  page  144. 
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antimonide,  AgjSb,  whilst  in  the  case  of  arsenetted  hydrogen,  it  is  pnre 
silver,  the  arseuio  being  then  converted  into  arseuiond  acid,  which  com- 
bines with  a  portion  of  silver  oxide.  The  silver  arsenite  remains  dissolved 
in  the  nitric  acid  which  is  liberated  by  the  precipitation  of  the  silver,  and 
may  be  thrown  down  with  its  characteristic  yellow  color  by  adding  ammonia 
to  the  liquid  filtered  off  from  the  black  precipitate. 
The  black  silver  antimonide,  when  carefully  washed, 
and  subsequently  boiled  with  a  solution  of  tartaric 
acid,  yields  a  solution  oontaining  antimony  only, 
from  which  hydrogen  sulphide  separates  the  charac- 
teristic orange-yellow  precipitate  of  antimonious  sul- 
phide. 

A  convenient  form  of  Marsh's  instrument  is  that 
shown  in  fig.  158:  it  consists  of  a  bent  tube,  having 
two  bulbs  blown  upon  it,  fitted  with  a  stopcock  and 
narrow  jet.  Slips  of  zinc  are  put  into  the  lower 
balb,  which  is  afterwards  filled  with  the  liquid  to  be 
examined.  On  replacing  the  stopcock,  closed,  the 
gas  collects  and  forces  the  liquid  into  the  upper  bulb, 
which  then  acts  by  its  hydrostatic  pressure,  and  ex- 
pels the  gas  through  the  jet  so  soon  as  the  stopcock 
is  opened.  It  must  be  borne  in  mind  that  both  com- 
mon zino  and  sulphuric  acid  often  contain  traces  of 
arsenic.  Professor  Bloxam*  has  proposed  an  im- 
portant modification  of  Marsh's  process  for  the  de- 
tection of  arsenic  and  antimony  in  organic  sub- 
stances, which  is  based  on  the  behavior  of  solutions  of  these  metals  under 
the  influence  of  the  electric  current.  Antimony  is  deposited  in  the  metal- 
lic state,  without  any  disengagement  of  antimonetted  hydrogen,  while 
arsenic  is  evolved  as  arsenetted  hydrogen,  which  may  be  recognized  by  the 
characters  already  indicated. 

A  slip  of  copper-foil  boiled  in  the  poisoned  liquid,  previously  acidulated 
with  hydrochloric  acid,  withdraws  the  arsenic,  and  becomes  covered  with 
a  white  alloy.  By  heating  the  metal  in  a  glass  tube,  the  arsenic  is  ex- 
pelled, and  oxidiied  to  arsenious  acid.    This  is  called  Reinsch's  test. 


BISMUTH. 

Atomlo  weight,  210.    Symbol,  Hi. 


BffiMTTH  is  found  chiefly  in  the  metallic  state,  disseminated  through 
various  rocks,  from  which  it  is  separated  by  simple  exposure  to  heat.  The 
meUl  is  highly  crystalline  and  very  brittle :  it  has  a  reddish-white  color, 
and  a  density  of  9.9.  Crystals  of  great  beauty  may  be  obtained  by  slowly 
cooling  a  considerable  mass  of  this  substance  until  solidification  has  com- 
menced, then  piercing  the  crnst,  and  pouring  out  the  fluid  residue.  Bis- 
muth melts  at  about  260O  C.  (500O  F.),  and  volatilizes  at  a  high  tempera- 
ture. It  is  remarkable  as  being  the  most  diamagnetic  of  all  known  bodies. 
It  is  little  oxidized  by  the  air,  but  burns  with  a  bluish  flame  when  strongly 
heated.     Nitric  acid  somewhat  diluted  dissolves  it  freely. 

Bismuth  forms  three  classes  of  compounds,  in  which  it  is  hi-,  tri-,  and 
quinquivalent  respectively.     The  tri-compounds  are  the  most  stable  and 
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the  most  nnmerous.  The  only  known  oompoands  in  which  bismuth  is 
quinquivalent  are  indeed  the  pentoxide,  BijOj,  together  with  the  corre- 
sponding acid  and  metallic  salts.  Nevertheless,  bismuth  is  regarded  as  a 
pentad,  on  account  of  the  analogy  of  its  compounds  with  those  of  anti- 
mony. *  Several  bismuth  compounds  are  known  in  which  the  metal  is  ap- 
parently bivalent,  but  really  trivalent,  as : — 

BiCl,  BiZiO 

Bi-Q.,  or   I        ;  Bi,0„  or   |         ,  etc. 
BiCl,  BiHO 

Chloridee.— The  trichloride^  or  Bismuthmu  chloride,  is  formed  when  bis- 
muth is  heated  in  a  current  of  chlorine  gas,  and  passes  over  as  a  white, 
easily  fusible  subsUnce,  which  readily  attracts  moisture  from  the  air,  and 
is  converted  into  a  crystallized  hydrate.  The  same  substance  is  produced 
when  bismuth  is  dissolved  in  nitro-muriatic  acid,  and  the  solution  evapo- 
rated. Bismuthous  chloride  dissolves  in  water  conUining  hydrochloric 
acid,  but  is  decomposed  by  pure  water,  yielding  a  white  precipitate  of  oxy- 
chloride  — 

BiQ,  +  H,0  =  BiClO  -h  2Ha. 

The  dichloridej  Bi^G^,  produced  by  heating  the  trichloride  with  metallic 
bismuth,  is  a  brown,  crystalline,  easily  fusible  mass,  decomposed  by  water. 
At  a  high  temperature  it  is  resolved  into  the  trichloride  and  metallic  bis- 
muth. 

Oxides. — ^The  frioxufe,  or  Bismuthous  oxide,  is  a  straw-yellow  powder, 
obtained  by  gently  igniting  the  neutral  or  basic  nitrate.  It  is  fusible  at 
a  high  temperature,  and  in  that  state  acts  towards  siliceous  matter  as  a 
powerful  flux. 

The  hydrate,  BillO,  or  Bi.p,.H,0,  is  obtained  as  a  white  precipitate  when 
a  solution  of  the  nitrate  is  decomposed  by  an  alkali.  Both  the  hydrate 
and  the  anhydrous  oxide  dissolve  in  the  stronger  acids,  forming  the  bis- 
muthous salts,  which  have  the  composition  BiR,,  where  R  denotes  an  acid 
radicle,  «.  g.,  BiClj,  Bi(N03)3,  Bi,(S04)3.  Many  of  these  salts  crystallize 
well,  but  cannot  exist  in  solution  unless  an  excess  of  acid  is  present.  On 
diluting  the  solutions  with  water,  a  basic  salt  is  precipitated,  and  an  acid 
salt  remains  in  solution. 

The  nortnoL  nitrate,  Bi(N03)8.5H,0,  or  BijOs.SNjOj.lOHjO,  forms  large 
transparent  colorless  crystals,  which  are  decomposed  by  water  in  the  man- 
ner just  mentioned,  yielding  an  acid  solution  containing  a  little  bismuth, 
and  a  brilliant  white  crystalline  powder,  which  varies  to  a  certain  extent 
in  composition  according  to  the  temperature  and  the  quantity  of  water  em- 
ployed, but  frequently  consists  of  a  basic  nitrate,  Bi,03.N,Og.2H30,  or 
Bi(NOj)8.Bij08.3H,0.  A  solution  of  bismuth  nitrate,  free  from  any  great 
excess  of  acid,  poured  into  a  large  quantity  of  cold  water,  yields  an  in- 
soluble basic  nitrate,  very  similar  in  appearance  to  the  above,  but  oon- 
tainiug  rather  a  larger  proportion  of  bismuth  oxide.  This  basic  nitrate  was 
once  extensively  employed  as  a  cosmetic,  but  it  is  said  to  injure  the  skin, 
rendering  it  yellow  and  leather-like.     It  is  used  in  medicine. 

Bismuth  pentoxide,  or  Bismuthic  oxide,  Bi^O^. — When  bismuth  trioxide  is 
suspended  in  a  strong  solution  of  x)otash,  and  chlorine  passed  through  the 
liquid,  decomposition  of  water  ensues,  hydrochloric  acid  being  formed,  and 
the  trioxide  being  converted  into  the  pentoxide.  To  separate  any  trioxide 
that  may  have  escaped  oxidation,  the  powder  is  treated  with  dilute  nitric 
acid,  when  the  bismuthic  oxide  is  left  as  a  reddish  powder,  which  is  in- 
soluble in  water.  This  substance  combines  with  bases,  but  the  compounds 
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are  not  very  well  known.    According  to  ArpjKS,  there  is  an  acid  potassium 

(  K  O 
biamuthate  containing  BigKUO,,  or  2higOy  <  „*^ .     Tlie  pentoxide  when 

heated  loses  oxygen,  an  intermediate  oxide,  ^h^a  ^ing  formed,  which. 
may  be  considered  as  bismuihous  bistnutkate,  231,^04  &=  Bi^O^.Bi^O^. 

Bismuth  is  sufficiently  characterized  by  the  decomposition  ol  its  nitrate 
and  cliloride  by  water,  and  by  the  black  precipitate  of  bismuth  sulphide, 
insoluble  in  ammonium  sulphide,  which  its  solutions  yield  when  exposed 
to  the  action  of  hydrogen  sulphide. 

A  mixture  of  8  parts  of  bismuth,  5  parts  of  lead,  and  3  of  tin,  is  known 
nnder  the  uame  oi fusible  metals  and  is  employed  in  taking  impressions  from 
dies  and  for  other  purposes  :  it  melts  below  lOOO. 

Bismuth  is  used,  in  conjunction  with  antimony,  in  the  construction  of 
thermo-electric  piles,  these  two  metals  forming  the  opposite  extremes  of 
the  tiiermo-electric  series. 
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Atomic  weight,  51.2.    Symbol,  Y. 


Yakadium  is  found,  in  small  quantity,  in  some  iron  ores,  also  as  vana- 
date of'  lead.     It  has  likewise  been  discovered  in  the  iron  slag  of  Stafford- 
shire, and  recently,  by  Rosooe,*  in  larger  quantity  in  tlie  copi)er-bearing 
beds  at  Alderly  Edge  and  Mottram  St.  Andrews,  in  Cheshire.     Metallic 
vanadium  is  obtained  by  prolonged  ignition  of  the  dichloride  in  pure  dry 
hydrogen,  as  a  grayish-white  powder,  appearing  under  the  microscope  as 
a  crystalline  mass,  with  a  strong  silver-white  lustre.    It  is  non-volatile,  de- 
composes water  at  lOOO,  does  not  tarnish  in  the  air,  burns  with  brilliant 
scintillations  when  thrown    into  a  flame;   burns  vividly  when  quickly 
heated  in  oxygen,  forming  the  pentoxide ;  is  insoluble  in  hydrochloric 
acid ;  dissolves  slowly  in   hydrofluoric  acid  with  evolution  of  hydrogen, 
rapidly  in  nitric  acid,  forming  a  blue  solution.     In  a  current  of  chlorine  it 
takes  fire,  and  is  converted  into  the  tetrachloride. 

Yanadium  was,  till  lately,  regarded  as  a  hexad  metal,  analogous  to 
tungsten  and  molybdenum ;  but  Roscoe  has  shown  that  it  is  a  pentad, 
belonging  to  the  phosphorus  and  arsenic  group.  This  conclusion  is  based 
upon  the  composition  of  the  oxides  and  oxychlorides  ;  and  on  the  isomor- 
phism of  the  vanadates  with  the  phosphates. 

Vanadium  Oaides. — Yanadium  forms  five  oxides,  represented  by  the 
form u Is,  V,0,  YjOj,  YgO,,  V^O^,  YjOj,  analogous,  therefore,  to  the  oxides 
of  nitrogen. 

The  Tfumoxide,  YjO,  is  formed  by  prolonged  exposure  of  metallic  vanadium 
to  the  air  at  ordinary  temperatures,  more  quickly  at  a  dull  red  heat.  It 
is  a  brown  substanoe,  which,  when  heated  in  the  air,  is  gradually  converted 
into  the  higher  oxides. 

The  dioxide^  V,Oj,  which  was  regarded  by  Berzelius  as  metallic  vanadium, 
is  obtained  by  reducing  either  of  the  higher  oxides  with  potassium,  or  by 
passing  the  vapor  of  vanadium  oxy  trichloride  (YOClj,),  mixed  with  excess 
of  hydrogen,  through  a  combustion  tube  containing  red-hot  charcoal.  As 
obtained  by  the  second  process,  it  forms  a  light-gray  glittering  powder,  or 
a  metallically  lustrous  crystalline  crust,  having  a  specific  gravity  of  3.64, 

*  Proeeedings  of  the  Royal  Society,  xvi.  228. 
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brittle,  very  difficnlt  to  fuse,  and  a  conductor  of  electricity.  When  heated 
to  redness  in  the  air,  it  takes  fire  and  burns  to  black  oxide.  It  is  insolublo 
in  sulphuric,  hydrochloric,  and  hydrofluoric  acid,  but  dissolves  easily  in 
nitromuriatic  acid,  forming  a  dark-blue  liquid. 

The  dioxide  may  be  prepared  in  solution  by  the  action  of  nascent  hy- 
drogen (evolved  by  metallic  zinc,  cadmium,  or  sodium-amalgam)  on  a 
solution  of  vanadic  acid  in  sulphuric  acid.  After  passing  through  all 
shades  of  blue  and  green,  the  liquid  acquires  a  permanent  lavender  tint, 
and  then  contains  the  vanadium  in  solution  as  dioxide,  or  as  hypovana- 
d  i  o  u  s  salt.  This  compound  absorbs  oxygen  more  rapidly  than  any  other 
known  agent,  and  bleaches  indigo  and  other  vegetable  colors  as  quickly  aa 
chlorine. 

Vanadium  dioxide  may  be  regarded  as  entering  into  many  vanadium 
compounds,  as  a  bivalent  radicle  (j^^^t  ^^^^  uranyl  in  the  uranic  com- 
pounds), and  may  therefore  be  called  vanadyl, 

Vanadivm  trioMe,  V^Oj,  or  Vanadylmonoxide,  (VjO,)"©,  is  obtained  by 
igniting  the  pentoxide  in  hydrogen  gas,  or  in  a  crucible  lined  with  char- 
coal. It  is  a  black  powder,  with  an  almost  metallic  lustre,  and  infusible  ; 
by  pressure  it  may  be  united  into  a  coherent  mass  which  conducts  electri- 
city. When  exposed  warm  to  the  air,  it  glows,  absorbs  oxygen,  and  is 
converted  into  pentoxide.  At  ordinary  temperatures,  it  slowly  absorbs 
oxygen,  and  is  converted  into  tetroxide.  By  ignition  in  chlorine  gas  it  is 
converted  into  vanadyl  trichloride  and  vanadium  pentoxide.  It  is  insolu- 
blo in  acids,  but  may  be  obtained  in  solution  by  the  reducing  action  of 
nascent  hydrogen  (evolved  from  metallic  magnesium)  on  a  solution  of 
vanadic  acid  in  sulphuric  acid. 

Vanadium  tetroxide^  Hypovanadic  oxide,  or  Vanadyl  dioxide,  V,04s=s(  VgOg)Oj. 
^This  oxide  is  produced,  either  by  oxidation  of  the  dioxide  or  trioxide, 
or  by  partial  reduction  of  the  pentoxide ;  also  by  heating  hypovonadio 
chloride,  V2O4CI2,  to  redness  in  an  atmosphere  of  carbon  dioxide.*  By 
allowing  the  trioxide  to  absorb  oxygen  at  ordinary  temperatures,  the 
tetroxide  is  obtained  in  blue  shining  crystals.  It  dissolves  in  acids,  the 
more  easily  in  proportion  as  it  has  been  less  strongly  ignited,  forming 
solutions  of  hypovanadic  salts,  which  have  a  bright  blue  color.  The 
same  solutions  are  produced  by  the  action  of  moderate  reducing  agents, 
such  as  sulphurous,  sulphydric,  or  oxalic  acid,  upon  vanadic  acid  in  solu- 
tion ;  also  by  passing  air  through  acid  solutions  of  the  dioxide  till  a  per- 
manent blue  color  is  attained.  With  the  hydrates  and  normal  carbonates  of 
the^fixed  alkalies,  they  form  a  grayish-white  precipitate  of  hydrated  oxide, 
VjO^.HjO,  which  dissolves  in  a  moderate  excess  of  the  reagent,  but  is  re- 
precipitated  by  a  large  excess  in  the  form  of  a  vanadite  of  the  alkali  metal. 

Ammonia  in  excess  produces  a  brown  precipitate,  soluble  in  pure  water, 
but  insoluble  in  water  containing  ammonia. — Ammonivmi  sulphide  forms  a 
black-brown  precipitate,  soluble  in  excess. — Tincture  of  galls  forms  a  finely 
divided  black  precipitate,  which  gives  to  the  liquid  the  appearance  of  ink. 

Hypovanadic  trisiUphate,  VjO^.SSO,  4-  6H,0,  is  obtained  as  a  blue  deli- 
quescent crystalline  powder  by  dissolving  vanadic  oxide  in  strong  sulphuric 
acid  and  reducing  the  solution  with  sulphurous  acid.  A  salt  of  similar 
character,  containing  4H2O,  is  obtained  by  precipitating  the  concentrated 
solution  with  strong  sulphuric  acid.  A  disulphate,  V2O4.2SO,  -|-  7H,0,  is 
obtained  as  a  light-blue  crystalline  powder,  when  the  pure  trisulphate,  or 
the  residue  left  on  evaporating  a  solution  of  the  tetroxide  in  sulphuric 
acid,  is  treated  with  al^olute  alcohol  (Crow).  Berzelius  by  similar  means 
obtained  a  disulphate  with  4H2O. 

Vanadium  tetroxide  also  unites  with  the  more  basic  metallic  oxides, 

'^  J.  K.  Grow,  Cbem.  Soo.  Journ.,  1876,  li« 
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forming  salts  called  hjpovanadatos,  all  of  which  are  insoluble,  ex- 
cept tliose  of  the  alkali-metals.  The  solatious  of  the  alkaline  hypovaiia- 
datee  are  brown,  but  when  treated  with  hydrogen  sulphide  they  acquire 
a  splendid  red-purple  color,  arising  from  the  formation  of  a  sulphur  salt. 
— ^ctcb  color  them  blue,  by  forming  a  double  hypovanadic  salt ;  tincture 
of  galU  colors  them  blackish-blue.  The  Insoluble  hypovanadates,  when 
moistened  or  covered  with  water,  become  green,  and  are  converted  into 
vanadates. 

Crow  has  obtained  the  following  hypovanadates  by  treating  hypovanadic 
cliloride  with  the  corresponding  bases  : — 

Potassium  salt       .         .         •         .  Kfi.2yfi^  +  lUfi 

Sodium  salt Na,0.2V2()4        +  VH,0 

Ammonium  salt     ....  (NH^)20.2V,04  +  311,0 

Barium  salt  ....  Ba0.2V204         4-  ^^s^- 

The  l€€id  saltf  PbO.VjO^,  is  formed,  together  with  potassium  acetate  and 
free  acetic  acid,  by  precipitating  a  solution  of  lead  acetate  with  potassium 
lijpovanadate  : 

K,0.2V,0^  +  2Pb(C,H,0,),  +  H,0  =  2(PbO.V,04)  +  2KC,H,0j  +  2C,H^0,. 

The  silver  salt,  Agfi,yfi^J  is  formed  by  a  precisely  similar  reaction  from 
potassium  hypovanadate  and  silver  nitrate. 

Vanadium  pentoxide,  Vanadic  oxide,  or  Vanadyl  trioxide^  ^fit  =*  (VjO,)0,. 
^Tliis  is  the  highest  oxide  of  vanadium.  It  may  be  prepared  from  native 
lead  vanadate.  This  mineral  is  dissolved  in  nitric  acid,  and  the  lead  and 
arsenic  are  precipitated  by  hydrogen  sulphide,  which  at  the  same  time 
reduces  the  vanadium  pentoxide  to  tetroxide.  The  blue  filtered  solution 
is  then  evaporated  to  dryness,  and  the  residue  digested  in  ammonia,  which 
dissolves  out  the  vanadic  oxide  reproduced  during  evaporation.  In  this 
solution  a  lump  of  sal-ammoniac  is  put ;  as  that  salt  dissolves,  ammonium 
vanadate  subsides  as  a  white  powder,  being  scarcely  soluble  in  a  saturated 
solution  of  ammonium  chloride.  By  exposure  to  a  temperature  below 
redness  in  an  open  crucible,  the  ammonia  is  expelled,  and  vanadic  oxide 
left.  By  a  similar  process,  Roscoe  has  prepared  vanadic  oxide  from  a  lime 
precipitate  containing  2  per  cent,  of  vanadium,  obtained  in  working  up  a 
poor  cobalt  ore  from  Mottram  in  Cheshire. 

Vanadium  pentoxide  has  a  reddish-yellow  color,  and  dissolves  in  1000 
parts  of  water,  forming  a  light  yellow  solution.  It  dissolves  also  in  stronger 
acids,  forming  red  or  yellow  solutions,  some  of  which  yield  crystalline 
compounds  (vanadic  salts)  by  spontaneous  evaporation.  It  unites,  how- 
ever, with  bases  more  readily  than  with  acids,  forming  salts  called  vana- 
dates. When  fused  with  alkaline  carbonates,  it  eliminates  3  molecules  of 
carbon  dioxide,  forming  orthouanadates  analogous  to  the  orthophosphates ; 
thus  : 

3(Na,0.C0,)  +  VA  =  3NajO.V,Oft  +  3C0,. 

It  also  forms  metavanadates  and  pyrovanadates  analogous  to  the  meta-  and 
pyro-phosphates,  and  two  series  of  acid  vanadates  or  anhydrovanadates,  viz. : 

Lead  orthovanadate      .  PbgCVO^),  or  SPbO.VjOs 

Barium  pyrovanadate  .  Ba^VjO^  or  2BaO.V2()4 

Strontium  metavanadate  SrCVOj,)^  or    SrO.VgO. 

Strontium  divanadate  .  Sr(V0S,),.Vj05  or    SrO.2V.jO5 

Strontium  trivanadate .  Sr(V08),.2Vj05  or    SrO.SV.Oj. 

Lead  metavanadate  otKSurs  native  as  dechenite;  the  orthovanadate  also, 
combined  with  lead  chloride,  as  vanadinite  or  vanadite^  PbCl|.3Pb,(V04)2, 

34* 
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the  mineral  in  which  vanadium  was  first  disooTered.  Desdoizite  is  a  di- 
plumbic  vanadate,  Pb,Y,Of,  or  2PbO.V,0(,  analogous  in  oomposition  to  a 
pyrophosphate. 

The  metavanadates  are  mostly  yellow ;  some  of  them,  however,  espe* 
cially  those  of  the  alkaline  earth  metals,  and  of  zinc,  cadmium,  and  lead, 
are  ccmverted  by  warming— either  in  the  solid  state,  or  under  water,  or  in 
aqueous  solution,  especially  in  presence  of  a  free  alkali  or  alkaline  carbo- 
nate— into  isomeric  colorless  salts.  The  same  transformation  takes  place 
also,  though  more  slowly,  at  ordinary  temperatures.  The  metavanadatea 
of  alkali-metal  are  colorless.  The  acid  vanadates  are  yellow,  or  yellowish 
red,  both  in  the  solid  state  and  in  solution :  hence  the  solution  of  a  neutral 
vanadate  becomes  yellowish-red  on  addition  of  an  acid.  The  metav ana- 
dates  of  ammonium,  the  alkali-metals,  barium,  and  lead,  are  but  sparingly 
soluble  in  water ;  the  other  metavanadates  are  more  soluble.  The  alkaline 
vanadates  are  more  soluble  in  pure  water  than  in  water  containing  free 
alkali  or  salt :  hence  they  are  precipitated  from  their  solutions  by  addition 
of  alkali  in  excess,  or  of  salts.  The  vanadates  are  insoluble  in  alcohol. 
The  aqueous  solutions  of  vanadates  form  yellow  precipitates  with  aiUmony, 
copper,  lead,  and  mercury  salts  :  with  tincture  of  galls  they  form  a  deep  black 
liquid,  which  has  been  proposed  for  use  as  vanadium  ink. 

Hydrogen  sulphide  reduces  them  to  hypovanadates,  changing  the  color 
from  red  or  yellow  to  blue,  and  forming  a  precipitate  of  sulphur. 

Ammonium  sulphide  colors  the  solutions  brown-red,  and,  on  adding  an  acid, 
a  light-brown  precipitate  is  formed,  consisting  of  vanadic  sulphide  mixed 
with  sulphur,  the  liquid  at  the  same  time  turning  blue.  Hydrochloric  acid 
decomposes  the  vanadates,  with  evolution  of  chlorine  and  formation  of 
vanadium  tetroxide. 

Vanadinxn  Chlo rides. — ^Three  of  these  compounds  have  been  obtained, 
viz. :  VC1„  VClj,  and  VCl^. 

The  tetrachloride,  VCI4,  is  formed  when  metallic  vanadium  or  the  mononi- 
tride  is  heated  in  a  current  of  chlorine,  or  when  the  vapor  of  the  oxytrl- 
chloride,  VOCl,,  mixed  with  chlorine,  is  passed  several  times  over  red-hot 
charcoal.  It  is  a  dark  yellowish-brown  liquid,  having  a  specific  gravity 
of  1.8384  at  (P,  boiling  at  1540,  not  solidifying  at  I80.  Its  vapour-den- 
sity referred  to  hydrogen  is  96.6,  which  is  half  the  molecular  weight 

51.5  4-4x35.5 
(= 2 )i  showing  that  the  molecule  VCI4  exhibits  the  normal 

condensation  to  2  volumes  of  vax>or.  The  tetrachloride  is  quickly  deoom- 
posed  by  water,  forming  a  blue  solution  of  vanadious  acid.  It  does  not 
take  up  bromine  or  an  additional  quantity  of  chlorine  when  heat<^  there- 
with in  sealed  tubes :  hence  it  appears  that  vanadium  does  not  readily 
form  pentad  compounds  with  the  monatomio  chlorous  elements. 

The  trichloride,  VClg,  obtained  by  decomposition  of  the  tetrachloride, 
slowly  at  ordinary  temperatures,  quickly  at  the  boiling  heat,  crystallizes 
in  peach-blossom-colored  shining  plates  resembling  chromic  chloride.  It  is 
slowly  decomposed  by  water,  forming  a  green  solution  of  hypovanadic  acid. 

The  dichloride,  VCl,,  obtained  by  passing  the  vapor  of  the  tetrachloride 
mixed  with  hydrogen  through  a  red-hot  tube,  crystallizes  in  green  mica- 
ceous plates,  which  are  decomposed  by  water,  forming  a  violet  solution  of 
hypovanadious  acid. 

Vanadium  Ozychlorides,  or  Vanadyl  Chlorides. — ^I^'onr  of  these 
compounds  arc  known,  viz. :  VOClj,  VOCl,,  VOCl,  and  VjO,Cl. 

The  oxytrichloride,  VOCl,  (formerly  regarded  as  vanadium  trichloride),  Is 
prepared : 
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(1)  By  the  action  of  chlorine  on  the  trioxide : 

3V,0,+ Cl„«  V,Oj+  4V0Clj. 

(2)  By  barning  the  dioxide  in  chlorine  gan,  or  by  passing  that  gas  over 
ignited  mixture  of  the  trioxide,  tetroxide,  or  pentoxide,  and  condensing 

-th«)  vapors  in  a  cooled  U-tube. 

Vanadium  oxytrichloride,  or  vanadyl  tricliloride,  is  a  golden-yellow 
liquid  of  specific  gravity  1.841  at  14. 50.  Boiling-point,  127^.  Vapor- 
deiisity,  by  experiment,  6.108;  by  calculation,  6.119.  When  exposed  to 
the  air,  it  emits  cinnabar- colored  vapors,  being  resolved  by  the  moisture 
of  the  air  into  hydrochloric  and  vanadic  acids.  It  oxidizes  magnesium 
aud  sodium.  Its  vapor,  passed  over  perfectly  pure  carbon  at  a  red  heat, 
yields  carbon  dioxide ;  and  when  passed,  together  with  hydrogen,  through 
a  red-hot  tube,  yields  vanadium  trioxide.  These  reactions  show  that  the 
compound  contains  oxygen. 

The  other  oxychlorides  of  vanadium  are  solid  bodies  obtained  by  partial 
reduction  of  the  oxy trichloride  with  zinc  or  hydrogen. 

The  second,  VOCl,,  or  VjOjCl^  (hypovanadic  chloride),  is  also  produced 
by  dissolving  the  pentoxide,  with  aid  of  heat,  in  hydrochloric  acid,  and 
reducing  the  green  solution  with  sulphurous  acid.  The  resulting  blue 
liqnid  leaves,  on  evaporation  over  the  water-bath,  a  brown  deliquescent 
residue,  which  yields  a  blue  solution  with  water  (Crow). 

The  tribromide,  VBr„  and  the  oxybromidejt^  VOBrj  and  VOBr,,  have  also 
been  obtained.  The  first  is  a  grayish-black  amorphous  solid  ;  the  second, 
a  dark-red  liquid ;  the  third,  a  yellowish-brown  deliquescent  solid. 

Vanadium  Salphidea. — ^Two  of  these  compounds  are  known,  analo- 
gous to  the  tetroxide  and  pentoxide  :  both  are  sulphur  acids.  The  tetra- 
sulphide,  or  Vanadous  sulpfiide,  V^S^,  is  a  black  substance  formed  by  heating 
the  tetroxide  to  redness  in  a  stream  of  hydrogen  sulphide  ;  also,  as  a  hy- 
drate, by  dissolving  a  vanadious  salt  in  excess  of  an  alkaline  monosul- 
phide,  and  precipitating  with  hydrochloric  acid.  The  pentasulphide,  or 
Vanadic  gulpkide,  V1S5,  is  formed  in  like  manner  by  precipitation  from  an 
alkaline  vanadate. 

Vanadimn  Nitrides. — ^The  mononitride,  VN,  is  formed  by  heating  the 
compound  of  vanadium  6xytrichloride  with  ammonium  chloride  to  white- 
ness in  a  current  of  ammonia  gas.  It  is  a  greenish-white  powder,  una1ter« 
able  in  the  air.  The  dinilridCf  VN„  or  V^^i  is  obtained  by  exposing  the 
same  double  salt  in  ammonia  gas  to  a  moderate  heat.  It  is  a  black  powder 
strongly  acted  upon  by  nitric  acid. 


All  vanadium  compounds  heated  with  borax  or  phosphorus-salt  in  the 
outer  blow-pipe  flame  produce  a  clear  bead,  which  is  colorless  if  the  quan< 
tity  of  vanadium  is  small,  yellow  when  it  is  large  ;  in  the  inner  flame  the 
bead  acquires  a  beautiful  green  color. 

Vanadic  and  chromic  acids  are  the  only  acids  whose  solutions  are  red  ; 
they  are  distinguished  from  one  another  by  the  vanadic  acid  becoming 
blue,  and  the  chromic  acid  green,  by  deoxidation. 

When  a  solution  of  vanadic  acid,  or  an  acidulated  solution  of  an  alka- 
line vanadate,  is  shaken  up  with  ether  containing  hydrogen  dioxide,  the 
aqueous  solution  acquires  a  red  color,  like  that  of  ferric  acetate,  while  the 
ether  remains  colorless.  This  reaction  will  serve  to  detect  the  presence  of 
1  part  of  vanadic  acid  in  40,000  parts  of  liquid.  The  other  reactions  of 
vanadium  in  solntion  have  already  been  described. 
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TANTALUM. 

Atomic  weight,  182.    Symbol,  Ta. 

This  metal  was  discovered,  in  1803,  by  Ekeberg,  in  two  Swedish  mine- 
rals tantalite  and  yttrotantalite.  A  very  similar  meUl,  colttfnbtum,  had 
been  discovered  in  the  preceding  year  by  Hatchett,  in  columbite  from  Mas- 
sachusetts ;  and  Wollastou,  in  1807,  on  comparing  the  compounds  of  these 
metals,  concluded  that  they  were  identical,  an  opinion  which  was  for  many 
years  received  as  correct ;  but  their  separate  identity  has  been  completely 
established  by  the  researches  of  H.  Rose  (commenced  in  1846),  who  gave 
to  the  metal  from  the  American  and  Bavarian  columbites  the  name  Aioftium, 
by  which  it  is  now  universally  known.  More  recently,  Marignac  has  shown 
that  nearly  all  UnUlites  and  columbites  contain  both  tantalum  and  nio- 
bium (or  columbium),  some  tantalates,  from  Kimito,  in  Finland,  being, 
however,  free  from  niobium,  and  some  of  the  Greenland  columbites  con- 
taining only  the  latter  metal  unmixed  with  tantalum.  In  all  these  mine- 
rals tantalum  exists  as  a  tantalate  of  iron  and  manganese  ;  yttrotantalite 
is  essentially  a  tantalate  of  yttrium,  containing  also  uranium,  calcium, 
iron,  and  other  metals.     Tantalum  is  also  contained  in  some  varieties  of 

wolfram.  ^  ,  ^      *      x      • 

Metallic  tantalum  is  obtained  by  heating  the  fluotantalate  of  potassium 
or  sodium  with  metallic  sodium  in  a  well-covered  iron  crucible,  and  wash- 
in"-  out  the  soluble  salts  with  water.  It  is  a  black  powder,  which,  when 
heated  in  the  air,  burns  with  a  bright  light,  and  is  converted,  though 
with  difficulty,  into  tantalic  oxide.  It  is  not  attacked  by  sulphuric,  hydro- 
chloric, nitric,  or  even  nitro-rauriatic  acid.  It  dissolves  slowly  in  warm 
aqueous  hydrofluoric  acid,  with  evolution  of  hydrogen,  and  very  rapidly 
in  a  mixture  of  hydrofluoric  and  nitric  acids. 

Tantalum,  in  its  principal  compounds,  is  quinquivalent,  the  formula  of 
tantalic  chloride  being  TaCl^,  that  of  tantalic  fluoride,  TaFj,  and  that  of 
tantalic  oxide  (which,  in  combination  with  bases,  forms  the  tantalates), 
Ta,Oj.  There  is  also  a  tantalous  oxide,  said  to  have  the  composition  TaO„ 
and  a  corresponding  sulphide,  TaS,. 

Tantalic  Chloride,  TaClj,  is  obtained,  as  a  yellow  sublimate,  by  ignit- 
ing an  intimate  mixture  of  tantalic  oxide  and  charcoal  in  a  stream  of  chlo- 
rine gas.  It  begins  to  volatilize  at  1440^  and  melts  to  a  yellow  liquid  at 
221^.  The  vapor-density  between  350©  and  440O,  has  been  found  by 
Deville  and  Troost  to  be  12.42  referred  to  air,  or  178.9  referred  to  hydro- 
gen :  by  calculation,  for  the  normal  condensation  to  two  volumes,  it  is 
179.75.  Tantalic  chloride  is  decomposed  by  water,  yielding  hydrochloric 
and  tantalic  acids  ;  but  the  decomposition  is  not  complete  even  at  the  boil- 
ing heat. 

Tantalic  Plnoride,  TaPg,  is  obtained  in  solution  by  treating  tantalic 
hydrate  with  aqueous  hydrofluoric  acid.  The  solution,  mixed  with  alka- 
line fluorides,  forma  soluble  cry s tall izable Balts,called  tantaloflnorides, 
or  fluotantalatea.  The  potassium  salt,  TaK^P^  or  TaP5.2KP,  crystal- 
lizes in  monoclinic  prisms,  isomorphona  with  the  corresponding  fluoniobate. 

Tantalic  Oxide,  Ta^Oj^,  is  pro<luced  when  tantalum  bums  in  the  air, 
also  by  the  action  of  water  on  tantalic  chloride,  and  may  be  separated  as 
a  hydrate  from  the  tantalates  by  the  action  of  acids.  It  may  be  prepared 
from  tantalite,  which  is  a  tantalate  of  iron  and  manganese,  by  fusing  the 
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finely  pulverized  mineral  with  twice  its  weight  of  potASsium  hydroxide, 
digesting  the  fused  mass  in  hot  water,  and  supersaturating  the  filtered 
solution  with  hydrochloric  or  nitric  acid :  hydrated  tantalic  oxide  is  then 
precipitated  in  white  flocks,  which  may  be  purified  by  washing  with  water.* 

Anhydrous  tantalic  oxide,  obtained  by  igniting  the  hydrate  or  sulphate, 
is  a  white  powder,  varying  in  density  from  7.022  to  8.264,  according  to  the 
temperature  to  which  it  has  been  exposed.  Heated  in  ammonia  gas  it 
yields  tantalum  nitride :  heated  with  carbon  bisulphide,  it  is  converted 
into  tantalum  bisulphide.  It  is  insoluble  in  all  acids,  and  can  be  rendered 
soluble  only  by  fusion  with  potassium  hydrate  or  carbonate. 

Heated  Tantalic  oxide^  or  Tantalic  acul,  obtained  by  precipitating  an 
aqueous  solution  of  potassium  tantalate  with  hydrochloric  acid,  is  a  snow- 
white  bulky  powder,  which  dissolves  in  hydrochloric  and  hydrofluoric 
acids  ;  when  strongly  heated,  it  glows  and  gives  off  water. 

Tantalic  oxide  unites  with  basic  metallic  oxides,  forming  the  tantalates, 
which  are  represented  by  the  foruiulaB,  MjO.Ta^Oj  and  -iMjO.STajOj,  the 
first  including  the  native  tantalates,  such  as  ferrous  tantalate,  and  the 
second  certain  easily  crystallizable  tantalates  of  the  alkali-metals.  The 
tantalates  of  the  alkali-metals  are  soluble  in  water,  and  are  formed  by 
fusing  tantalic  oxide  with  caustic  alkalies :  those  of  the  earth-metals  and 
heavy  metals  are  insoluble,  and  are  formed  by  precipitation. 

Tatttalum  dioxide^  or   Tantalous  oxide,  TaO,,  may  be  represented  by  the 
0=:Ta=:0 
formula  I         ,  in  which  the  metal  is  still  quinquivalent.     It  is  pro- 

OzzTa— O 
duced  by  exposing  tantalic  oxide  to  an  intense  heat  by  a  crucible  lined  with 
charcoal.     It  is  a  hard  dark  gray  substance,  which,  when  heated  in  the 
air,  is  converted  into  tantalic  oxide. 

Hydrochloric  or  sulphuric  acid,  added  in  excess  to  a  solution  of  alkaline 
tantalatp,  forms  a  precipitate  of  tantalic  acid,  which  redissolves  in  excess 
of  the  hydrochloric,  but  not  of  the  sulphuric  acid.  Ihtaasiwn  Jerrocyanide, 
added  to  a  very  slightly  acidulated  solution  of  an  alkaline  tantalate,  forms 
a  yellow  precipitate  ;  the  ferricyanide^  a  white  precipitate.  Infusion  of  galls 
forms  a  light  yellow  precipitate,  soluble  in  alkalies.  When  tantalic  chlo- 
ride is  dissolved  in  strong  sulphuric  acid,  and  then  water  and  metallic  zinc 
are  added,  a  fine  blue  color  is  produced,  which  does  not  turn  brown,  but 
Boon  disappears. 

Tantalic  oxide  fused  with  microoosmio  salt  in  either  blowpipe  flame  forms 
a  clear,  colorless  glass,  which  does  not  turn  red  on  addition  of  a  ferrous 
salt.  With  borax  it  also  forms  a  transparent  glass,  which  may  be  ren- 
dered opaque  by  interrupted  blowing,  otjiandng. 


NIOBIX7M,  or  COLUMBIUM. 

Atomlo  welgbt,  04.    Sjmbol,  Nb. 

This  metal,  discovered  in  1801  by  Hatchett,  in  American  colnmbite,  ex- 
ists likewise,  associated  with  tantalum,  in  columhites  from  other  sources, 
and  in  most  tantalites ;  also,  associated  with  yttrium,  uranium,  iron,  and 
small  quantities  of  other  metals,  in  Siberian  samarkite,  uranotantalite,  or 
yttroilmenite ;  also  in  pyrochlore,  euxenite,  and  a  variety  of  pitchblende 
from  Satersd&len  in  Norway. 

*  For  more  onmplete  methods  of  preparation,  lee  Watt8*8  Dictionary  of  Ohem- 
Utry,  vol.  V.  p.  066. 
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The  metal,  obtained  in  the  same  manner  as  tantalum,  is  a  black  powder, 
which  oxidizes  with  incandescence  when  heated  in  the  air.  It  dissolvefi 
in  hot  liydrotiuoric  acid,  with  evolution  of  hydrogen,  and,  at  ordinary 
temperatures,  in  a  mixture  of  hydrofluoric  and  nitric  acid ;  slowly,  also, 
when  heated  with  strong  sulphuric  acid.  It  is  oxidized  by  fusion  with 
acid  potassium  sulphate,  and  gradually  converted  into  potassium  niobate 
by  fusion  with  potassium  hydrate  or  carbonate. 

Niobium  is  quinquivalent,  and  forms  only  one  class  of  compounds, 
namely,  a  chloride,  NbCl^;  oxide,  Nb^O^;  oxy chloride  I^bOCls,  etc. 

Niobio  Oxide,  Nb^Os,  is  formed  when  the  metal  burns  in  the  air.  It 
is  prepared  from  columbite,  etc.,  by  fusing  the  levigated  mineral  in  a  pla- 
tinum crucible  with  6  or  8  parts  of  acid  potassium  sulphate,  removing 
soluble  salts  by  boiling  the  fused  mass  with  water,  digesting  the  residue 
with  ammonium  sulphide  to  dissolve  tin  and  tungsten,  boiling  with  strong 
hydrochloric  acid  to  remove  iron,  uranium,  and  other  metals,  and  finally 
washing  with  water.  Niobic  oxide  is  thus  obtained  generally  mixed  with 
tantalic  oxide,  from  which  it  is  separated  by  means  of  hydrogen  and  potas- 
sium fluoride,  HF.KF,  which  converts  the  tantalum  into  sparingly  soluble 
potassium  tantalofluoride,  2KF.TaF5,  and  the  niobium  into  easily  soluble 
potassium  nioboxyfluoride,  2KF.NbOFs.Aq. 

Niobic  oxide  is  also  produced  by  decomposing  niobic  chloride,  or  ozy- 
chloride,  with  water  ;  when  pure  it  has  a  si)ecific  gravity  of  4.4  to  4.5.  It 
is  an  acid  oxide,  uniting  with  basic  oxides,  and  forming  salts  called  n  io- 
bates ,  some  of  which  occur  as  natural  minerals  :  columbite,  for  example, 
being  a  ferro-manganous  niobate.  The  potassium  niobates  crystallize  readily, 
and  in  well-defined  forms.  Marignac  has  obtained  the  salts  4K20.3Nb205. 
IGAq.  crystallizing  in  monoclinic  prisms  ;  8E2O.7Nb2O5.32Aq.  in  pyramidal 
monoclinic  crystals  ;  3K,0.2Nb205.13Aq.  in  rhombo'idal  prisms  ;  and  K^O. 
SNbgOs.Aq.  as  a  pulverulent  precipitate,  by  boiling  a  solution  of  potassium 
nioboxyfluoride  with  potassium  carbonate.  The  sodium  niobates  are  crys- 
talline powders  which  decompose  during  washing.  There  is  also  a  sodium 
and  potassium  niobate,  containing  NagO.3K2O.3Nb2O5.9Aq. 

Niobio  Chloride,  NhCTg,  is  obtained,  together  with  the  oxychloride, 
by  heating  an  intimate  mixture  of  niobio  oxide  and  charcoal  in  a  stream 
of  chlorine  gas.  It  is  yellow,  volatile,  and  easily  fusible.  Its  observed 
vapor-density,  according  to  Deville  and  Troost,  is  9.6  referred  to  air,  or  138.6 
referred  to  hydrogen  as  unity  :  by  calculation  for  a  two-volume  condensa- 
tion, it  is  ^^*'^^?^  s=  137.75.     The  oxychloride,  NbOCl,,  is  white,  vola- 

2 
tile,  but  not  fusible  :   its  specific  gravity,  referred  to  hydrogen,  is  by  ob- 
servation, 114.06 ;  by  calculation,  ^iilJ^"j^^^^— =109.25.    Both  these 
compounds  are  converted  by  water  into  niobic  oxide. 

Niobio  Oxyfluoride,  NbOP,,  is  formed  by  dissolving  niobic  oxide  in 
hydrofluoric  acid.  It  unites  with  the  fluorides  of  the  more  basic  metals, 
forming  salts  isomorphous  with  the  titanofluorides,  stannofluorides,  and 
tnngstofluorides,  1  atom  of  oxygen  in  these  salts  taking  the  Pjace  of  2 
atoms  of  fluorine.  Marignac  has  obtained  flve  potassium  nioboxy fluorides, 
all  perfectly  crystallized,  namely  : — 

2KF.NbOF.,Aq.,  crystallizing  in  monoclihio  plates, 
3KF.NbOF,  "  cuboid  forms  (system  undetermined), 

SKF.HF.NbOPj,  "  monoclinic  needles, 

5KF.3NbOFs.Aq.  "  hexagonal  prisms, 

4KF.3NbOF,.2Aq.        "  triclinic  prisma. 
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JRrfcM«tim  niobojluoride,  SKF-NhF^,  separates  in  shining  monoolinic  needles 
from  a  solution  of  the  first  of  tlie  above-mentioned  nioboxyfluorides  in 
hydrofluoric  acid.  Nioboxyfluorides  of  ammonium,  sodium,  zins,  and 
copper  have  also  been  obtained. 

The  isomorphism  of  these  salts  with  the  stannofluorides,  titanofluorides, 
and  tungstoliuorides,  shows  clearly  that  the  existence  of  isomorphism  be- 
tween the  corresponding  compounds  of  any  two  elements,  must  not  be 
taJwen  as  a  decided  proof  that  those  elements  are  of  equal  atomicity  :  for 
in  the  case  now  under  consideration,  we  have  isomorphous  salte  formed 
by  tin  and  titanium,  which  are  tetrads,  niobium,  which  is  a  pentad,  and 
tungsten,  which  is  a  hexad. 


The  compounds  of  niobium  cannot  easily  be  mistaken  for  those  of  any 
other  metal  except  tantalum.  The  most  characteristic  reactions  of  niobates 
and  tautalatea  with  liquid  reagents  are  the  following : — 


Hydrochloric  acid  . 
Ammonium  chloride 


Potassium  ferrocyanide 
ferricyanlde 


<{ 


Infusion  of  galls 


Niobates, 

White  precipitate,  in- 
soluble in  excess. 

Precipitation  slow  and 
incomplete. 

Red  precipitate. 
Bright   yellow  precipi- 
tate. 
Orange-red  precipitate. 


TantcUates, 

White  precipitate,  solu- 
ble in  excess. 

Complete  precipitation 
as  acid  ammonium 
tantalate. 

Yellow  precipitate. 

White  precipitate. 

Light  yellow  precipi- 
tate. 


Niobic  oxide,  heated  with  borax  in  the  outer  blow-pipe  flame,  forms  a 
colorless  bead,  which,  if  the  oxide  is  in  sufficient  quantity,  becomes  opaque 
by  interrupted  blowing  or  flaming.  In  microoosmic  salt  it  dissolves  abund- 
antly, forming  a  colorless  bead  in  the  outer  flame,  and  in  the  inner  a 
violet-colored,  or  if  the  bead  is  saturated  with  the  oxide,  a  beautiful  blue 
bead,  the  color  disappearing  in  the  outer  flame. 
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CHROMIUM. 

Atomio  weight,  62.2.    Symbol,  Or. 

CuROMiirM  is  found  in  the  state  of  oxide,  in  combination  with  iron  oxide, 
in  some  abundance  in  the  Shetland  Islands,  and  elsewhere :  as  lead 
chromate  it  constitutes  a  very  beautiful  mineral,  from  which  it  was  first 
obtained.  The  metal  itself  is  prepared  in  a  half-fused  condition  by  mix- 
ing the  oxide  with  half  its  weight  of  charcoal  powder,  inclosing  the  mix- 
ture in  a  crucible  lined  with  charcoal,  and  then  subjecting  it  to  the  very 
highest  heat  of  a  powerful  furnace. 

Deville  has  prepared  metallic  chromium  by  reducing  pure  chromium  ses- 
quioxide  with  an  insufficient  quantity  of  charcoal,  in  a  lime  crucible. 
Thus  prepared,  metallic  chromium  is  less  fusible  than  platinum,  and  as 
hard  as  corundum.  It  is  readily  acted  upon  by  dilute  hydrochloric  acid, 
less  so  by  dilute  sulphuric  acid,  and  not  at  all  by  concentrated  nitric  acid. 
Fr^niy  obtaintni  chromium  in  small  cubic  crystals,  by  the  action  of  sodium 
vapor  on  chromium  trichloride  at  a  red  heat.  The  crystalline  chromium 
resists  the  action  of  concentrated  acids,  even  of  nitro-muriatio  acid. 

Chromium  forms  a  hexlluoride,  CrFg,  and  a  corresponding  oxide,  CrO,, 
analogous  to  sulphuric  oxide  ;  also,  an  acid,  H2CrO^,  analogous  tosulphurio 
acid,  with  corresponding  salts,  the  cliromates,  which  are  isomorphous  with 
the  sulphates.  In  its  other  compounds,  chromium  resembles  iron,  form- 
ing the  chromic  compounds,  Cr^Cl^,  Cr^O,,  etc.,  in  which  it  is  apparently 
trivalent,  but  really  quadrivalent,  and  the  chromous  compounds,  CrCl,, 
CrO,  etc.,  in  which  it  is  bivalent. 

ChlorideB. — ^The  dicfdoride,  or  Chromous  chloride,  CrCl,,  is  prepared  by 
heating  the  violet-colored  trichloride,  contained  in  a  porcelain  or  glass 
tube,  to  redness  in  a  current  of  perfectly  dry  and  pure  hydrogen  gas : 
hydrochloric  acid  is  then  disengaged,  and  a  white  foliated  mass  is  obtained, 
which  dissolves  in  water  with  great  elevation  of  temperature,  yielding  a 
blue  solution,  which,  on  exposure  to  the  air,  absorbs  oxygen  with  extraor- 
dinary energy,  acquiring  a  deep-green  color,  and  passing  into  the  state 
of  chromic  oxy chloride,  CrjClj.CrjOj.  Chromous  chloride  is  one  of  the 
most  powerful  reducing  or  deoxidizing  agents  known,  precipitating  calomel 
from  a  solution  of  mercuric  chloride,  instantly  converting  tungstic  acid 
into  blue  tungsten  oxide,  and  precipitating  gold  from  a  solution  of  auric 
chloride.  It  forms,  with  ammonia,  a  sky-blue  precipitate,  which  turns 
green  on  exposure  to  the  air ;  with  ammonia  and  sal-ammoniac,  a  blue 
solution  turning  redon  exposure  to  the  air  ;  and  with  ammonium  sulphide, 
a  black  precipitate  of  chromous  sulphide. 

The  trichloride,  or  Chromic  chloride,  Cr^Cl,,  is  obtained  in  the  anhydrous 
state  by  heating  to  redness  in  a  porcelain  tube  a  mixture  of  chromium  ses- 
quioxide  and  charcoal,  and  passing  dry  chlorine  gas  over  it.  The  trichlo- 
ride sublimes,  and  is  deposited  in  the  cool  part  of  the  tube,  in  the  form  of 
beautiful  crystalline  plates  of  a  pale-violet  color.  It  is  totally  insoluble 
in  water  under  ordinary  circumstances,  even  at  the  boiling  heat.  It  dis- 
solves, however,  and  assumes  the  deep-green  hydrated  state  in  water  oon- 
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tainlng  an  exceedingly  minute  quantity  of  the  dicliloride  in  solution.   The 
hydration  is  marked  by  the  evolution  of  much  heat. 

The  green  hydrated  chromic  chloride  is  easily  formed  by  dissolving 
chromic  hydrate  in  hydrochloric  acid,  or  by  boiling  lead  chromate,  or 
silver  chromate,  or  a  solution  of  chromic  acid,  with  hydrochloric  acid  and 
a  reducing  agent,  such  as  alcohol,  or  sulphurous  acid,  or  even  with  hydro- 
chloric acid  alone : — 

2CrO,  +  12Ha  =  Cr,Cle  +  6H,0  +  CV 

The  solution  thus  obtained  exhibits  the  same  characters  as  the  chromic 
oxygen-salU.  When  evaporated,  it  leaves  a  dark-green  syrup,  which, 
when  heated  to  10C>o  in  a  stream  of  dry  air,  yields  a  green  mass  containing 
CrjCig.BIIfO.  The  same  solution  evaporated  in  a  vacuum  yields  green 
granular  crystals  containing  CrjCl^.UsO. 

Fluorides. — The  tri/luoride,  or  Chromic  Jluoridey  Cr^^,  is  obtained  by 
treating  the  dried  sesquioxide  with  liydrofluoric  acid,  and  strongly  heating 
the  dried  mass,  as  a  dark-green  sul^tance,  which  melts  at  a  high  tempe- 
rature, and  sublimes  when  still  more  strongly  heated,  in  shining  regular 
octohedrons. 

The  kexfluoridej  CrF^,  is  formed  by  distilling  lead  chromate  with  fluor- 
spar and  fuming  oil  of  vitriol  in  a  leaden  retort,  and  condensing  the 
vapors  in  a  cooled  and  dry  leaden  receiver.  It  then  condenses  to  a  blood- 
red  fuming  liquid,  which  volatilizes  when  its  temperature  rises  a  few 
degrees  higher.  The  vapor  is  red,  and,  when  inhaled,  produces  violent 
coughing  and  severe  oppression  of  the  lungs.  The  hextluoride  is  decom- 
posed by  water,  yielding  hydrofluoric  and  chromic  acids.  A  fluoride,  in- 
termediate in  composition  between  the  two  just  described,  is  obtained  in 
solution  by  decomposing  the  brown  dioxide  in  hydrofluoric  acid.  The 
solution  is  red,  and  yields  by  evaporation  a  rose-colored  salt,  which  is 
redissolved  without  alteration  by  water,  and  precipitated  brown  by 
ammonia. 

Oxides. — Chromium  forms  flve  oxides,  containing  CrO,  CrgO^,  Cr^Oj, 
CrOj,  and  CrO,,  the  first  three  being  analogous  in  composition  to  the  three 
oxides  of  iron. 

The  monoxide^  or  Ckromous  oxide^  CrO,  is  formed  on  adding  potash  to  a 
solution  of  chromous  chloride,  as  a  brown  precipitate,  which  speedily 
passes  to  deep  foxy -red,  with  disengagement  of  hydrogen,  being  con- 
verted into  a  higher  oxide.  Chromous  oxide  iB  a  powerful  base,  forming 
pale-blue  salts,  which  absorb  oxygen  with  extreme  avidity.  Potassio- 
chromous  sulphate  has  the  composition  CrK^(SO^)2.6U20,  like  the  other 
members  of  the  same  group. 

Trichromic  tetroxide,  CrgO^  ^  CrCCr^Oj,  is  the  above-mentioned  brownish- 
red  precipitate  produced  by  the  action  of  water  upon  the  monoxide.  The 
decomposition  is  not  complete  without  boiling.  This  oxide  corresponds 
with  the  magnetic  oxide  of  iron,  and  is  not  salifiable. 

Sest/uioxidef  or  Chromic  oxide^  Crfi^. — When  mercurous  chromate,  pre- 
pared by  mixing  solutions  of  mercurous  nitrate  and  potassium  chromate, 
or  dichromate,  is  exposed  to  a  red  heat,  it  is  decomposed,  pure  chromium 
sesquioxide,  having  a  fine  green  color,  remaining.  In  this  state  the  oxide 
is,  like  alumina  after  ignition,  insoluble  in  acids.  The  anhydrous  sesqui- 
oxide may  be  prepared  in  a  beautifully  crystalline  form  by  heating  potas- 
sium dichromate,  Kj0.2Cr03,  to  full  redness  in  an  earthen  crucible.  One- 
half  of  the  chromium  trioxide  contained  in  that  salt  then  sufi'ers  decom- 
position, oxygen  being  disengaged  and  sesquioxide  left.  The  melted  mass 
35 
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13  then  treated  with  water,  which  dissolves  oat  neutral  potassium  chro- 
mate,  and  the  oxide  is,  lastly,  washed  and  dried.  Chromium  senquioxide 
communicates  a  fine  green  tint  to  glass,  and  is  used  in  enamel  painting. 
The  crystalline  sesquioxide  is  employed  in  the  manufacture  of  razor-stropb. 
Froui  a  solution  of  chromium  sesquioxide  in  potash  or  soda,  green  gela- 
tinous hydrated  sesquioxide  of  chromium  is  separated  on  standing.  When 
finely  powdered  and  dried  over  sulphuric  acid,  it  consists  of  Cr^Oj-GIljO. 
A  hydrate  may  also  be  prepared  by  boiling  a  somewhat  dilute  solution  of 
potassium  dichromate,  strongly  acidulated  with  hydrochloric  acid,  with 
small  succ<.'ssive  portions  of  sugar  or  alcohol.  In  the  former  case  carbon 
dioxide  escapes :  in  the  latter,  aldehyde  and  also  acetic  acid  are  formed, 
and  the  chromic  acid  of  the  salt  becomes  converted  into  chromium  trichlo- 
ride, the  color  of  the  liquid  changing  from  red  to  deep  green.  The  reduc- 
tion may  also  be  effected,  as  already  observed,  by  hydrochloric  acid  alone. 
A  slight  excess  of  ammonia  precipitates  the  hydrate  from  its  solution.  It 
has  a  pale  purplish-green  color,  which  becomes  full  green  on  ignition  ;  a 
great  shrinking  of  volume  and  sudden  incandescence  are  observed  when 
the  hydrate  is  decomposed  by  heat. 

Chromium  sesquioxide  is  a  weak  base,  resembling,  and  isomorphous  with, 
iron  sesquioxide  and  alumina ;  its  salts  (chromic  salts)  have  a  green  or 
purple  color,  and  are  said  to  be  poisonous. 

Chromic  sulphatCy  (Cr.^)  (804)3,  ^^  prepared  by  dissolving  the  hydrated  ox- 
ide in  dilute  sulphuric  acid.  It  unites  with  the  sulphates  of  potassium 
and  ammonium,  giving  rise  to  magnificent  double  salts,  which  crystallize 
in  regular  octohedrons  of  a  deep  claret-color,  and  possess  a  constitution 
resembling  that  of  common  alum,  the  aluminium  being  replaced  by  chro- 
mium. The  ammonium-salt,  for  example,  has  the  composition  Cr"'(Nll4) 
(S04)2.12Aq.  The  finest  crystals  are  obtained  by  spontaneous  evaporation, 
the  solution  being  apt  to  be  decomposed  by  heat. 

The  dioxidey  CrO^,  which  is,  perhaps,  a  chromic  chromate,  CrOj.CrjOj,  is 
a  brown  substance  obtained  by  digesting  chromic  oxide  with  excess  of 
chromic  acid,  or  by  partial  reduction  of  chromic  acid  with  alcohol,  sulphur- 
ous acid,  etc. 

Chromium  Trlozlde,  CrOj ;  in  combination  with  water,  forming  CJiro- 
mic  acid,  Cr03.1l20  =  HjCr04  =  (Cr02)"(OH)2.  Whenever  chromium  ses- 
quioxide is  strongly  heated  with  an  alkali,  in  contact  with  air,  oxygen  is 
absorbed  and  the  trioxide  generated.  Cliromium  trioxide  may  be  obtained 
nearly  pure,  and  in  a  state  of  great  beauty,  by  mixing  100  measures  of  a 
cold  saturated  solution  of  potassium  dichromate  with  150  measures  of  oil 
of  vitriol,  leaving  the  whole  to  cool,  pouring  off  the  mother-liquor,  and 
leaving  the  crystals  to  drain  upon  a  tile,  closely  covered  by  a  glass  or  bell- 
jar.  It  is  also  formed  by  decomposing  the  hexfluoride  with  a  small  quan- 
tity of  water.  Chromium  trioxide  crystallizes  in  brilliant  crimson-red 
prisms  very  deliquescent  and  soluble  in  water :  the  solution  is  instantly 
reduced  by  contact  with  organic  matter. 

Chromic  acid  is  bibasic  and  analogous  in  composition  to  sulphuric  acid ; 
its  salts  are  isomorphous  with  the  corresponding  sulphates. 

Potassium  chromattty  K^CrO^  or  {CtO^Y'^OK)^, — This  salt  is  made  directly 
from  the  native  chrome-iron  ore^  which  is  a  compound  of  chromium  sesqui- 
oxide and  ferrous  oxide,  analogous  to  magnetic  iron  ore,  by  calcination 
with  nitre  or  with  potassium  carbonate,  or  with  caustic  potash,  the  ore 
being  reduced  to  powder  and  heated  for  a  long  time  with  the  alkali  in  a 
reverberatory  furnace.  The  product,  when  treated  with  water,  yields  a 
yellow  solution,  which,  by  evaporation,  deposits  anhydrous  crystals  of  the 
same  color^  isomorphous  with  potassium  sulphate.     Potassium  chromate 
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h&s  a  cool,  bitter,  and  disagreeable  taste,  and  dissolves  in  2  parts  of  water 
at  15.50. 

fbiassium  dichronmte^  or  anhydrochromate^  K,0,2CrOj  or  KoCrO^.CrOj.— 
When  sulphuric  acid  is  added  to  the  preceding  salt  in  moderate  quantity, 
one-half  of  the  base  is  removed,  and  the  neutral  chromate  converted  into 
dichromate.  This  salt,  of  which  immense  quantities  are  manufactured  for 
use  in  the  arts,  crystallizes  by  slow  evaporation  in  beautiful  red  tabular 
crystals,  de»ivtMl  from  a  triclinic  prism.  It  melts  when  heated,  and  is 
soluble  in  10  parts  of  water ;  the  solution  has  an  acid  reaction. 

I-htasitium  tric/iroitutf€f  K,0.3CrO,  or  K^Cr()4.2CrOs,  may  be  obtained  in 
crystals  by  dissolving  the  dichromate  in  an  aqueous  solution  of  chromic 
acid,  and  leaving  it  to  evaporate  over  sulphuric  acid. 

Lead  chromate,  PbCrO^. — ^Tliis  salt,  the  dirome-yellow  of  the  painter,  is 
obtained,  as  a  brilliant  yellow  precipitate,  on  mixing  solutions  of  potas- 
sium chromate  or  dichromate  with  lead  nitrate  or  acetate.  On  boiling  it 
with  lime-water,  one-half  of  the  acid  is  withdrawn,  and  a  basic  lead  chro- 
mate of  an  orange-refl  color  left.  The  basic  chromate  is  also  formed  by 
adding  lead  chromate  to  fused  nitre,  and  afterwards  dissolving  out  the 
soluble  salts  by  water :  the  product  is  crystalline,  and  rivals  vermilion  in 
beauty  of  tint.  The  yellow  and  orange  chrome  colors  are  Hxed  upon  cloth 
by  alternate  application  of  the  two  solutions,  and  in  the  latter  case  by 
passing  the  dyed  stuti'  through  a  bath  of  boiling  lime-water. 

j^V/t'cr  dtromaUj  Ag^CrO^. — This  salt  is  precipitated  as  a  reddish-brown 
powder  when  solutions  of  potassium  chromate  and  silver  nitrate  are  mixed. 
It  dissolves  in  hot  dilute  nitric  acid,  and  separates,  on  cooling,  in  small 
ruby-red  platy  crystals.  The  chromates  of  barium,  zinc,  and  imrcury  are 
insoluble ;  the  first  two  are  yellow,  the  last  is  brick-red. 

Perchromlo  Aold  is  obtained,  according  to  Barreswil,  by  mixing  chro- 
mic acid  with  dilute  hydrogen  dioxide,  or  potassium  dichromate  with  a 
dilute  but  very  acid  solution  of  barium  dioxide  in  hydrochloric  acid ;  a 
liquid  is  then  formed  of  a  blue  color,  which  is  removed  from  the  aqueous 
solution  by  ether.  This  very  unstable  compoun<l  has  perhaps  the  compo- 
sition UjCr,Oj,  or  Cr^O^-IIjO,  analogous  to  that  of  permanganic  acid. 

Chromlnm  Diozydlchloride,  or  Chromyl  dichloride,  CrOjCl,,  commonly 
called  C/ilorochromic  arid. — When  ^  parts  of  potassium  dichromate  and  3 
parts  of  common  salt  are  intimately  mixed  and  introduced  into  a  small 
glass  retort,  9  parts  of  oil  of  vitriol  then  added,  and  heat  applied  as  long 
as  dense  red  vapors  arise,  this  compound  passes  over  as  a  heavy  deep-red 
liquid  resembling  bromine:  it  is  decomposed  by  water,  with  production  of 
chromic  and  hydrochloric  acids.  It  is  analogous  to  the  so-called  chloro- 
molybdic,  chlorotungstic,  and  chlorosulphuric  acids,  in  composition,  and 
in  the  products  which  it  yields  when  deconipostnl.  It  may  Iw  regarded  as 
formed  from  the  trioxide  by  substitution  of  CI,  for  0,  or  from  chromic  acid 
((V0j)(0n)„  by  8ul)stitution  of  Cl^  for  (011)2 ;  also  as  a  compound  of 
chromium  hexchloride  (not  known  in  the  separate  state),  with  chromium 
trioxide :  CrCl-.2CrOg  =  SCrOjCl,. 

Trichromyl  dicfdoride,  (CrO,)3Cl,  or  CrOjQ— CrO,— CrO,Cl,  is  formed  by 
heating  the  preceding  compound  to  18(P-190O  in  a  sealed  tube:  SCrOjClj 
s=(CrO,)3CljH-Cl4.  It  is  a  black  non-crystalline  powder,  which  deliquesces 
rapidly  in  the  air  to  a  dark  reddish-brown  syrupy  liquid  smelling  of  free 
chlorine.  When  gently  heatM  in  hydrogen  gas  it  taki^s  lire,  and  is  resolved 
into  chromium  sesquioxide,  hydrochloric  acid,  and  water : 

2Cr,0,Cl,  +  1011  =  SCrjOj  +  4UC1  +  311,0. 
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Reactions  of  Cliromiutn  compounds. — A  solution  of  chroxnio  clilorido,  or  a 
chromic  oxygen  salt,  is  not  precipitated  or  changed  in  any  way  by  hydro- 
gen sulphide.  Ammoniwn  smphide  throws  down  a  grayish-green  precipitate 
of  chromic  hydrate.  Caustic  Jixed  alkalies  also  precipitate  the  hydrated 
oxide,  and  dissolve  it  easily  when  added  in  excess.  Ammonia^  the  same, 
but  nearly  insoluble.  The  carbonates  of  potassiunij  sodium^  and  amnumium 
also  throw  down  a  green  precipitate  of  hydrate,  slightly  soluble  in  a  large 
excess.  ^ 

Chromous  salts  are  but  rarely  met  with ;  for  their  reactions,  see  Chromium 
dichloride,  p.  408. 

Chromic  acid  and  its  salts  are  easily  recognized  in  solution  by  forming  a 
pale  yellow  precipitate  with  barium  saltSy  bright  yellow  with  lead  salts, 
brick-red  with  mercurous  salts,  and  crimson  with  silver  salts;  also  by  their 
capability  of  yielding  the  green  sesquioxide  by  reduction. 

All  chromium  compounds,  ignited  with  a  mixture  of  nitre  and  an  alka- 
line carbonate,  yield  an  alkaline  chromate,  which  may  be  dissolved  out  by 
water,  and  on  being  neutralized  with  acetic  acid,  will  give  the  reactions 
Just  mentioned. 

The  oxides  of  chromium  and  their  salts,  fused  with  borax  in  either 
blowpipe  flame,  yield  an  emerald-g-n^en  glass.  The  same  character  is  ex- 
hibited by  those  salts  of  chromic  acid  whose  bases  do  not  of  themselves 
impart  a  decided  color  to  the  bead.  The  production  of  the  green  color  in 
both  flames  distinguishes  chromium  from  uranium  and  vanadium,  which 
give  green  beads  in  the  inner  flame  only. 


TTRANnTM. 

Atomic  weight,  240.    Sj-mbol,  U. 


This  metal  is  found  in  a  few  minerals,  as  pitchblende,  which  is  an  oxide, 
and  uranitCj  which  is  a  phosphate ;  the  former  is  its  principal  ore.  The 
metal  itself  is  isolated  by  decomposing  the  chloride  with  potassium  or 
sodium,  and  is  obtained  as  a  black  coherent  powder,  or  in  fused  white 
malleable  globules,  according  to  the  manner  in  w^hich  the  process  is  con- 
ducted. It  is  permanent  in  the  air  at  ordinary  temperatures,  and  does  not 
decompose  water ;  but  in  the  pulverulent  state  it  takes  fire  at  207^  C 
(404. 60  F.),  burning  with  great  splendor  and  forming  a  dark-green  oxide. 
It  unites  also  very  violently  with  chlorine  and  with  sulphur. 

Uranium  forms  two  classes  of  compounds:  viz.,  the  uranous  com- 
pounds, in  which  it  is  quadrivalent,  e.g,,  UCI4,  UO,,  UC&OJ,*  ^^'t  ^^^  ^^® 
uranic  compounds,  in  which  it  is  sexvalent,  e.g., 

U0„  U0,C1„  U0,(N0^4,  UO,(SOJ. 

There  are  also  two  oxides  intermediate  between  nranons  and  nranio 
oxide.  There  is  no  chloride,  bromide,  iodide,  or  fluoride  corresponding 
with  uranic  oxide,  such  as  UCl^;  neither  are  there  any  normal  uranic 
oxysalts,  such  as  UCNOa)^,  U(SO^)s,  etc. ;  but  all  the  uranic  salts  contain 
the  group  UOg,  which  may  be  regarded  as  a  bivalent  radicle  (uranyl),  unit- 
ing with  acids  in  the  usual  proportions,  and  forming  normal  salts  ;  thus — 

Uranic  oxide  or  Uranyl  oxide  .         .  .  .  (U0,)0 

Uranic  oxychloride  or  Uranyl  chloride  •  .  (U0,)C1, 

Uranic  nitrate  or  Uranyl  nitrate      .  .  .  (UO,)(NOj,)j 

Uranic  sulphate  or  Uranyl  8ulx>hate  .  .  (UO,)(SO  j. 
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This  view  of  the  composition  of  the  uranic  salt  is  not,  however,  essen- 
tial, since  they  may  also  be  formulated  as  basic  salts  in  the  manner  above 
illustrated. 

Chlorides. — Uran&us  chloride^  UCl^,  is  formed,  with  vivid  incandescence, 
by  burning  metallic  uranium  in  chlorine  gas,  also  by  igniting  uranoua 
oxide  in  hydrochloric  acid  gas.  It  crystallizes  in  dark-green  regular  octo- 
hedrons,  and  dissolves  easily  in  water,  forming  an  emerald-green  solution, 
which  is  decomposed  when  dropped  into  boiling  water,  giving  off  hydro- 
chloric acid,  and  yielding  a  brown  precipitate  of  hydrated  uranous  oxide. 
It  is  a  powerful  deoxidizing  agent,  reducing  gold  and  silver,  converting 
ferric  salts  into  ferrous  salts,  etc. 

Uranic  oxychloride,  or  Uranyl  chloride^  UOjClj,  is  formed  when  dry  chlo- 
rine gas  is  passed  over  red-hot  uranous  oxide,  as  an  orange-yellow  vapor, 
which  solidifies  to  yellow  crystalline  fusible  mass,  easily  soluble  in  water. 
It  forms  double  salts  with  the  chlorides  of  the  alkali-metals, — the  potas- 
sium salt,  for  example,  having  the  composition,  U 0^01^.2X01. 211,0. 

Oaddes. — Uranous  oxide,  UO,,  formerly  mistaken  for  metallic  uranium. 
Is  obtained  by  heating  the  oxide,  Uj^Og,  or  uranic  oxalate,  in  a  current  of 
hydrogen.  It  is  a  brown  powder,  sometimes  highly  crystalline.  In  the 
finely  divided  state  it  is  pyrophoric.  It  dissolves  in  acids,  forming  green 
salts. 

Uranoso-uranic  oxide,  U,Oj  ^  UOJ.2UO3. — ^This  oxide  forms  the  cliief  con- 
stituent of  pitchblende.  It  is  obtained  artificially  by  igniting  the  metal 
or  uranous  oxide  in  contact  with  the  air,  or  by  gentle  ignition  of  uranic 
oxide  or  uranic  nitrate.  It  forms  a  dark-green  velvety  powder,  of  spt^cific 
gravity  7.1  to  7.3.  When  ignited  in  hydrogen,  or  with  sodium,  charcoal, 
or  sulphur,  it  is  reduced  to  uranous  oxide.  When  ignited  alone,  it  yields 
a  black  oxide,  UjO^.  Uranoso-uranic  oxide  dissolves  in  strong  sulphuric 
or  hydrochloric  acid,  yielding  a  mixture  of  uranous  and  uranic  salt ;  by 
nitric  acid  it  is  oxidized  to  uranic  nitrate. 

Uranic  oxide,  or  Uranyl  oxide,  UO3. — Uranium  and  its  lower  oxides  dis- 
solve in  nitric  acid,  forming  uranic  nitrate  ;  and  when  this  salt  is  heated 
in  a  glass  tube  till  it  begins  to  decompose,  at  25(P,  pure  uranic  oxide  re- 
mains in  the  form  of  a  chamois-yellow  jwwder.  Uranic  hydrate,  UO,. 
2U2O,  cannot  be  prepared  by  precipitating  a  uranic  salt  with  alkalies, 
inasmuch  as  the  precipitate  always  carries  down  alkali  with  it ;  but  it 
may  be  obtained  by  evaporating  a  solution  of  uranic  nitrate  in  absolute 
alcohol  at  a  moderate  heat,  till,  at  a  certain  degree  of  concentration,  nitrous 
ether,  aldehyde,  and  other  vapors  are  given  off,  and  a  spongy  yellow  mass 
remains,  which  is  the  hydrate.  In  a  vacuum  at  ordinary  temperatures, 
or  at  10(P  in  the  air,  it  gives  off  half  its  water,  leaving  the  monohydrate, 
UOjHjO.  This  hydrate  cannot  be  deprived  of  all  its  water  without  expos- 
ing it  to  a  heat  sufficient  to  drive  off  part  of  the  oxygen,  and  reduce  it  to 
uranoso-uranic  oxide. 

Uranic  oxide  and  its  hydrates  dissolve  in  acids,  forming  the  uranic 
salts.  The  nitrate,  (UO,)"(N03)j.6HjO,  may  be  preparcMi  from  pitch- 
blende by  dissolving  the  pulverized  mineral  in  nitric  acid,  evaporating  to 
dryness,  bidding  water  and  filtering ;  the  liquid  yields,  by  due  evapora- 
tion, crystals  of  uranic  nitrate,  which  are  purified  by  a  repetition  of  the 
process,  and,  lastly,  dissolved  in  ether.  This  latter  solution  yields  the 
pure  nitrate. 

Uranates. — Uranic  oxide  unites  with  the  more  basic  metallic  oxides. 
The  uranates  of  the  alkali-metals  are  obtained  by  precipitating  a  uranic 
salt  with  a  caustic  alkali :  those  of  the  earth-mcitals  and  heavy  metals,  by 
precipitating  a  mixture  of  a  uranic  salt  and  a  salt  of  the  other  metal  with 
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ammonia,  or  hy  igniting  a  double  carbonate  or  acetate  of  nraninm  and  the 
other  metal  (calcio-uranic  acetate,  for  example)  in  contact  with  the  air. 
The  uranates  have,  for  the  most  part,  the  composition  M2O.2UO1.  Thoy 
are  yellow,  insoluble  in  water,  soluble  in  acids.  Those  which  contain 
fixed  bases  are  not  decomposed  at  a  red  heat ;  but  at  a  white  heat,  the 
uranic  oxide  is  reduced  to  urauoso-uranio  oxide,  or  by  ignition  in  hydro- 
gen to  uranous  oxide  :  the  mass  obtained  by  this  last  method  easily  takes 
fire  in  contact  with  the  air.  iSodium  urancUej  Na,0.2U0„  is  much  used  for 
imparting  a  yellowish  or  greenish  color  to  glass,  and  as  a  yellow  pigment 
on  the  glazing  of  porcelain.  The  "uranium-yellow"  for  these  purposes 
is  prepared  on  the  large  scale  by  roasting  pitchblende  with  lime  in  a  rever- 
beratory  furnace  ;  treating  the  resulting  calcium  uranate  with  dilute  sul- 
phuric acid ;  mixing  the  solution  of  uranic  sulphate  thus  obtained  with 
sodium  carbonate,  by  which  the  uranium  is  first  precipitated  together 
with  other  metals,  but  then  redissolved,  tolerably  free  from  impurity,  by 
excess  of  the  alkali ;  and  treating  the  liquid  with  dilute  sulphuric  acid, 
which  throws  down  hydrated  sodium  uranate,  Na,0.2U03.6Aq.  Ammonium 
uranate  is  but  slightly  soluble  in  pure  water,  and  quite  insoluble  in  water 
containing  sal-ammoniac  ;  it  may,  therefore,  be  prepared  by  precipitating 
a  solution  of  sodium-uranate  with  that  salt.  It  occurs  in  commerce  as  a 
fine  deep  yellow  pigment,  also  called  "  uranium  yellow."  This  salt,  when 
heated  to  redness,  leaves  pure  uranoso-uranic  oxide,  and  may,  therefore, 
serve  as  the  raw  material  for  the  preparation  of  other  uranium  compounds. 


Uranous  salts  form  green  solutions,  from  which  caustic  alkalies  throw 
down  a  red-brown  gelatinous  precipitate  of  uranous  hydrate  ;  alkaline  car- 
bonates,  green  precipitates,  which  dissolve  in  excess,  especially  of  ammo- 
nium carbonate,  forming  green  solutions.  Ammonium  sulphide  forms  a  black 
precipitate  of  uranous  sulphide  ;  hydrogen  sulphide^  no  precipitate. 

Uranic  salts  are  yellow,  and  yield  with  caustic  alkalies  a  yellow  pre- 
cipitate of  alkaline  uranate,  insoluble  in  excess  of  the  reagent.  Alkaline 
carbonates  form  a  yellow  precipitate,  consisting  of  a  carbonate  of  uranium 
and  the  alkali-metal,  soluble  in  excess,  especially  of  acid  ammonium  or 
potassium  carbonate.  Ammonium  sulphide  forms  a  black  precipitate  of  uranio 
sulphide.  Hydrogen  sulphide  forms  no  precipitate,  but  reduces  the  uranic 
to  a  green  uranous  salt.  Jthtassium  ferrocyanide  forms  a  red-brown  precipi- 
tate. 

All  uranium  compounds,  fused  with  phosphorus  salt  or  borax  in  the  outer 
blowpipe  flame,  produce  a  clear  yellow  glass,  which  becomes  greenish  on 
cooling.  In  the  inner  flame  the  glass  assumes  a  green  color,  becoming  still 
greener  on  cooling.  The  oxides  of  uranium  are  not  reduced  to  the  metallic 
state  by  fusion  with  sodium  carbonate  on  charcoal. 

Uranium  compounds  are  used,  as  already  observed,  in  enamel  painting 
and  for  the  staining  of  glass,  uranous  oxide  giving  a  fine  black  color,  and 
uranic  oxide  a  delicate  greenish-yellow,  highly  fluorescent  glass.  Uranium 
salts  are  also  used  in  photography. 


TXTNGSTEN  or  "WOLFRAM. 

Atomic  weight,  184.    Symbol,  W. 

TuNOSTBW  is  found,  as  ferrous  tungstate,  in  the  mineral  woUfram,  tolerably 
abundant  In  Cornwall ;  occasionally  also  as  calcium  tungstate  (scheelite  or 
tungsten)  y  and  as  lead  tungstate  (scheeletine).    Metallic  tungsten  is  obtained 
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in  the  state  of  a  dark-gray  powder,  by  strongly  heating  tungstic  oxide  in 
a  stream  of  hydrogen,  but  requires  for  fusion  an  exceedingly  high  tempera- 
ture. It  is  a  white  metal,  very  hard  and  brittle  :  it  has  a  density  of  17.4. 
Heated  to  redness  in  the  air,  it  takes  fire  and  reproduces  tungstic  oxide. 

Tungsten  forms  two  classes  of  compounds,  in  which  it  is  quadrivalent 
and  sexvalent  respectively,  and  a  third  class,  of  intermediate  composition, 
in  which  it  is  apparently  quinquivalent.  .. 

Chlorides. — ^These  compounds  are  formed  by  heating  metallic  tungsten 
in  chlorine  gas.  The  hexchloride,  or  tungstic  chloride,  WCl,,  is  also  produced, 
together  with  oxyohloride,  by  the  action  of  chlorine  on  an  ignited  mixture 
of  tungstic  oxide  and  charcoal.  The  oxychlorides,  being  more  volatile  than 
the  hexchloride,  may  be  separated  from  it  by  sublimation.  The  hexchlo- 
ride forms  dark  violet  scales  or  fused  crusts,  having  a  bluish-black  me- 
tallic iridescence.  By  contact  with  water  or  moist  air,  it  is  converted  into 
hydrochloric  and  tungstic  acids.  The  chlorides,  WCI5,  WCI4,  and  WCl,, 
are  formed  when  the  hexchloride  is  heated  in  hydrogen  gas.  The  two 
former  are  crystalline  :  the  dichloride  is  a  loose  gray  powder,  destitute  of 
crystalline  structure.* 

A  pentabromide  and  hexbromide  are  formed  by  the  action  of  bromine  in 
excess  on  tungsten. — ^I'he  hesjluoride,  WF^,  is  obtained  by  evaporating  a 
solution  of  tungstic  acid  in  hydrofluoric  acid. 


I. — ^Tungsten  forms  three  oxides,  W0„  WO,,  and  WjOj,  neither 
of  which  exhibits  basic  properties,  so  that  there  are  no  tungsten  salts  in 
which  the  metal  replaces  the  hydrogen  of  an  acid,  or  takes  the  electro- 
positive part.  The  trioxide  exhibits  decided  acid  tendencies,  uniting  with 
basic  metallic  oxides,  and  forming  crystallizable  salts  called  iungstates. 
The  pentoxide  may  be  regarded  as  a  compound  of  the  other  two. 

The  dioxide,  or  Tungstous  oxide,  WO,,  is  most  easily  pepared  by  exposing 
tungstic  oxide  to  hydrogen,  at  a  temperature  not  exceeding  dull  re<lness. 
It  is  a  brown  jMwder,  sometimes  assuming  a  crystalline  appearance  and  an 
imperfect  metallic  lustre.  It  takes  lire  when  heated  in  the  air,  and  burns, 
like  the  metal  itself,  to  tungstic  oxide.  It  forms  a  definite  compound  with 
soda. 

The  trioxide,  or  Tungstic  oxide,  WO,,  is  most  easily  prepared  from  native 
calcium  tungstate  by  digestion  in  nitric  or  hydrochloric  acid,  the  soluble 
calcium  salt  thereby  produced  being  washed  out  with  water,  and  the  re- 
maining tungstic  acid  ignited.  From  wolfram  it  may  be  prepared  by  re- 
peatedly digesting  the  mineral  in  strong  hydrochloric  acid,  ultimately  with 
addition  of  a  little  nitric  acid,  to  dissolve  out  the  iron  and  manganese ; 
dissolving  the  remaining  tungstic  acid  in  aqueous  ammonia ;  evaporating 
to  dryness  ;  and  heating  the  residual  ammonium  tungstate  in  contact  with 
the  air.  Tungstic  oxide  is  a  yellow  powder  insoluble  in  water,  and  in  most 
acids,  but  soluble  in  alkalies.  The  hot  solutions  of  the  resulting  alkaline 
tuugstates,  when  neutralized  with  an  acid,  yield  a  yellow  precipitate  of 
tungstic  monohydrate  or  tungstic  acid,  HiWO^  or  U.^0.W03.  Cold  dilute  solu- 
tions, on  the  other  hand,  yield  with  acids  a  white  precipitate,  consisting 
of  tungstic  dihydrate,  or  hydrated  tungstic  acid,  2H,0.W0„  or  H2W04,U,0. 
Tungstic  acid  reddens  litmus  and  dissolves  easily  in  alkalies. 

Tungstates . — ^Tungstic  acid  unites  with  bases  in  various  and  often  in 
very  unusual  proportions.  It  is  capable  of  existing  also  in  two  isomeric 
modifications,  viz. — 1.   Ordinary  tungstic  acid,  which  is  insoluble  in  water, 

*  B  o ac  o  c ,  Journal  of  the  Chemical  Society,  1872,  p.  287. 
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and  forma  insoluble  salts  with  all  metals,  except  the  alkali-metals  and 
magnesium ;  2.  Metatungstic  acid^  which  is  soluble  in  water,  and  forms 
soluble  salts  with  nearly  all  metals.  Ordinary  tungstic  acid  forms  normal 
salts  containing  M^WO^  or  MjCWOj,  and  acid  salts  containing  3M,0.7WOg, 
which  may  perhaps  be  regarded  as  double  salts  composed  of  diacid  and 
triacid  tungstates,  that  is,  as  2(M20.2WO,)+M20.3WO,.  The  tungsUtes 
of  potassium  and  sodium,  especially  the  latter,  are  sometimes  used  as 
mordants  in  dyeing,  in  place  of  staunates  ;  also  for  rendering  muslin  and 
other  light  fabrics  uninflammable.  Tungstous  tungstate,  \VO,.WO„  which 
has  the  composition  of  tunysten  pentoxide,  W2O5,  is  a  blue  substance  formed 
by  reducing  tungstic  oxide  or  tungstic  acid  with  zinc  and  hydrochloric 
acid  ;  also  by  lieating  ammonium  tungstate  to  redness  in  a  retort. 

Metatungstaies. — These  salts,  which  have  the  composition  of  quadracid 
tungstates,  Mf0.4W0,,  are  formed  from  ordinary  tungstates  by  addition  of 
tungstic  acid,  or  by  removing  part  of  the  base  by  means  of  an  acid.  They 
are  for  the  most  part  soluble  and  crystallizable.  By  decomposing  barium 
metatungstate  with  dilute  sulphuric  acid,  and  evaporating  the  iiltrate  in 
a  vacuum,  hydrated  metatungstic  acid  is  obtained  in  quadratic  octohedrona 
apparently  containing  H|0.4WOj-}-31Aq. ;  it  is  very  soluble  in  water. 

Silicotungstates  ,* — By  boiling  gelatinous  silica  with  acid  potassium 
tungstate,  a  crystalline  salt  is  obtained,  having  the  composition  of  a  diacid 
potassium  tungstate,  6(K^0.2W03),  or  KijOj.lSvVOj,  in  which  one-third  of 
the  potassium  is  replaced  by  silicon,  viz.,  K^i'^U0.12WO„  so  that  the 
silicon  here  enters  as  a  basylous  element.  The  resulting  solution  yields 
with  mercurous  nitrate  a  precipitate  of  mercurous  silioAungstate :  this,  when 
decomposed  by  an  equivalent  quantity  of  hydrochloric  acid,  yields  a  solu- 
tion of  hydrogen  silicotungstate^  or  silicotungstic  acid;  and  the  other  silicotung- 
states, which  are  all  soluble,  are  obtained  by  treating  the  acid  with  carbo- 
nates. 

Silicodecitungstic  acirf,  H,Si'^Oj.lOWO,,  is  obtained  as  an  ammo- 
nium salt  by  boiling  gelatinous  silica  with  solution  of  acid  ammonium 
tungstate ;  and  from  this,  the  acid  and  its  other  salts  may  he  obtained  in 
the  same  manner  as  the  preceding.  The  silioodeci tungstates  are  very  un- 
stable, and  the  acid  is  decomposed  by  mere  evaporation,  depositing  silica, 
and  being  converted  into  tungstosilicic  acid,  which  is  isomeric  with 
silicotungstic  acid,  and  likewise  decomposes  carbonates.  All  three  of  these 
acids  are  capable  of  exchanging  either  one-half  or  tlie  whole  of  their  basic 
hydrogen  for  metals,  thereby  forming  acid  and  neutral  salts  ;  silicotungstic 
acid  also  forms  an  acid  sodium  salt  in  which  only  one-fourth  of  the  hydro- 
gen is  replaced  by  sodium. 

TnngBten  Sulphides.— The  disidphide,  or  Tunqxtom  mdphide,  WS„  is 
obtained  in  soft,  black,  needle-shaped  crystals  by  igniting  tungsten,  or  one 
of  its  oxides,  with  sulphur. 

The  trimlphide,  or  Tungstic  sulphide,  WSj,  is  formed  by  dissolving  tungstic 
acid  in  ammonium  sulphide,  and  precipitating  with  an  acid,  or  by  adding 
hydrochlooc  acid  to  the  solution  of  an  alkaline  tungstate  saturated  with 
hydrogen  sulphide.  It  is  a  light-brown  precipitate,  turning  black  when 
dry.  It  unites  easily  with  basic  metallic  sulphides,  forming  the  sulpha- 
tungsiateSf  M^WS^,  analogous  to  the  normal  tungstates. 


Reactions  of  Tungsten  compounds. — Soluble  tungstates,  or  met  a  tungstates, 
supersaturated  with  sulphuric,  hydrochloric,  phosphoric,  oxalic,  or  acetic 

•  MarignsoyAnn.  Chim.  Phyi.  [4]  ili.6j  Watts'b  Dictionary  of  Chemistry, 
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acid,  yield,  on  the  introduction  of  a  piece  of  zinCf  a  beantifnl  blue  color, 
arising  from  the  formation  of  blue  tungsten  oxide.  A  soluble  tungstate, 
mixed  with  ammonium  sulphide,  and  then  with  excess  of  acid,  yields  a  light- 
brown  precipitate  of  tungstio  sulphide,  soluble  in  ammonium  sulphide. 
hydrogen  sufphide  does  not  precipitate  the  acidulated  solution  of  a  tungstate, 
but  turns  it  blue,  owing  to  the  formation  of  the  blue  oxide.  Ordinary 
tungstates  give,  with  potassium  J  errocyanide,  after  addition  of  hydrochloric 
acid,  a  brown  tlocculent  precipitate,  soluble  in  pure  water  free  from  acid  ; 
metatungstates  give  no  precipitate.  Acids,  added  to  solutions  of  ordinary 
tungtates,  throw  down  a  white  or  yellow  precipitate  of  tungstic  acid ;  with 
metatuugstates  no  precipitate  is  obtained. 

All  tungsten  compounds  form  colorless  beads  with  borax  and  phosphorus 
salt,  in  the  outer  blowpipe  flame.  With  boraXy  in  the  inner  flame,  they 
form  a  yellow  glass,  if  the  quantity  of  tungsten  is  somewhat  considerable, 
but  colorless  with  a  smaller  quantity.  With  phosphorus  salt  in  the  inner 
flame  they  form  a  glass  of  a  pure  blue  color,  unless  metallic  oxides  are 
present,  which  modify  it ;  in  presence  of  iron  the  glass  is  blood-red,  but 
the  addition  of  metallic  tin  renders  it  blue. 


Steel,  alloyed  with  a  small  quantity  of  tungsten,  acquires  extraordinary 
hardness.  Wootz,  or  Indian  steel,  contains  tungsten.  Tungsten  has  also 
a  remarkable  efl'ect  on  steel  in  increasing  its  power  of  retaining  magnetism 
when  hardened.  A  horse-shoe  magnet  of  ordinary  steel,  weighing  two 
pounds,  is  considered  of  good  quality  when  it  bears  seven  times  its  own 
weight ;  but,  according  to  Siemens,  a  similar  magnet  made  with  steel  con- 
taining tungsten  may  be  made  to  carry  twenty  times  its  weight  suspended 
from  the  armature.* 


MOLTED  ENUM. 

Atomic  weight,  90.    Symbol,  Mo. 


This  metal  occurs  in  small  quantity  as  sulphide,  or  molobdenite,  and  as 
lead  molybdate,  or  uml/enite.  Metallic  molybdenum  is  obtained  by  exposing 
molybdic  oxide  in  a  charcoal-lined  crucible  to  the  most  intense  heat  that 
can  be  obtained.  It  is  a  white,  brittle,  and  exceedingly  infusible  metal, 
having  a  density  of  8.6,  and  oxidizing,  when  heated  in  the  air,  to  molybdio 
oxide. 

Chlorides. — ^Molybdenum  forms  four  chlorides,  containing  MoClj.MoClj, 
or  Mo,Cl„  M0CI4  and  MoCl,  or  Mo/M,o. 

The  pentachloride  is  produced  when  metallic  molybdenum  (previously 
frc»ed  from  oxide  by  ignition  in  hydrogen  chloride)  is  heated  for  some  time 
in  a  stream  of  dry  chlorine  gas. 

The  pentachloride,  heated  to  about  250O  in  a  stream  of  hydrogen,  is 
reduced  to  the  red,  difficultly  volatile  trichloride,  M0CI3,  or  Mo^Cl, ; 
and  this  compound,  heated  to  redness  in  an  atmosphere  of  carbon  dioxide 
free  from  oxygen,  is  resolved,  according  to  the  equation  M0gClg5= 
MoCl, -h  M0CI4,  into  the  yellow  dichloride,  which  remains  in  the  tube, 
and  the  brown  tetrachloride,  which  sublimes  or  is  carried  forward  by 
the  stream  of  gas. 

Of  these  four  chlorides  the  pentachloride  is  the  only  one  which  crys- 

•  Journal  of  the  Chemical  Society,  July,  1868.    Sd  Series,  vol.  vl.  p.  284. 
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tallizes  distinctly,  and  melts  and  volatilizes  without  decomposition.  The 
pure  pentachloride  is  black.  Its  vapor  has  a  dark  brown -red  color.  The 
sulphur-yellow  dichloride,  and  the  red  trichloride,  which  is  deceptively 
like  amorphous  phosphorus,  have  been  obtained  only  in  the  amorphous 
state ;  the  tetrachloride  is  an  indistinctly  crystalline  brown  sublimate. 
In  an  atmosphere  of  carbon  dioxide,  the  dichloride  bears  a  bright  red  heat 
without  melting  or  volatilizing ;  the  trichloride,  under  the  same  circum- 
stances, is  resolved  into  di-  and  tetrachloride,  which,  when  again  heated, 
splits  up  into  pentachloride  which  sublimes,  and  trichloride  which  remains 
behind. 

The  di-  and  trichloride  are  quite  permanent  in  the  air  at  ordinary  tem- 
peratures, and  Insoluble  in  water ;  the  tetra-  and  pentachloride,  on  the 
other  hand,  are  extremely  susceptible  of  the  action  of  oxygen,  and  more 
particularly  of  moisture. 

The  dichloride  is  insoluble  in  nitric  acid^  which,  however,  dissolves  all 
the  other  chlorides.  The  dichloride  dissolves  easily  in  hot  hydrochloric  acid, 
with  aid  of  heat,  and  crystallizes  therefrom  on  cooling,  in  long,  shining, 
yellow  needles,  Mo^Cl^.SHjO,  which  give  off  2HjO  at  10(JO.* 

The  bromides  of  molybdenum  correspond  in  composition  with  the  chlo- 
rides ;  there  is  also  an  oxybromide  containing  Mo^^Br^O,. 

Flaorides. — ^Molybdenum  forms  three  fluorides,  MoF,,  M0F4,  and  M0F5, 
which  are  obtained  by  dissolving  the  corresponding  oxides  in  hydrofluoric 
acid.  The  hexjluoride  is  not  known  in  the  free  state,  but  only  in  combina- 
tion with  basic  metallic  fluorides  and  molybdates ;  thus  there  is  a  potas- 
sium salt  containing  KjMoO^.KjMoFq. 

Oxides. — ^Molybdenum  forms  the  three  oxides,  MoO,  MoO,,  and  MoO„ 
besides  several  oxides  intermediate  between  the  last  two,  which  may  be 
regarded  as  molybdio  molybdates. 

The  monoxide^  or  Molyhdous  oxide,  MoO,  is  produced  by  bringing  the  diox- 
ide or  trioxide,  in  presence  of  one  of  the  stronger  acids,  in  contact  with 
any  of  the  metals  which  decompose  water.  Thus,  when  zinc  is  immersed 
in  a  concentrated  solution  of  an  alkaline  molybdate  mixed  with  a  quantity 
of  hydrochloric  acid  sufficient  to  redissolve  the  precipitate  first  thrown 
down,  zinc  chloride  and  molybdous  chloride  are  formed.  The  dark-colored 
solution  thus  obtained  is  mixed  with  a  large  quantity  of  caustic  potash, 
which  precipitates  a  black  hydrated  molybdous  oxide,  and  retains  the 
zinc  oxide  in  solution.  The  freshly-precipitated  hydrate  is  soluble  in  acids 
and  ammonium  carbonate  ;  when  heated  in  the  air,  it  burns  to  dioxide,  but 
when  dried  in  a  vacuum,  it  leaves  the  black  anhydrous  monoxide. 

The  dioxide,  or  Molyhdic  oxide,  MoO„  is  obtained  in  the  anhydrous  state 
by  heating  sodium  molybdate  with  sal-ammoniac,  the  molyhdic  trioxide 
being  reduced  to  dioxide  by  the  hydrogen  of  the  ammoniacal  salt ;  or,  in 
the  hydrated  state,  by  digesting  metallic  copper  in  a  solution  of  molyMic 
acid  in  hydrochloric  acid,  until  the  liquid  assumes  a  red  color,  and'  then 
adding  a  large  excess  of  ammonia.  The  anhydrous  dioxide  is  deop  brown 
and  insoluble  in  acids  ;  the  hydrate  resembles  ferric  hydrate,  and  dissolves 
in  acids,  yielding  red  solutions.  It  is  converted  into  molyhdic  acid  by 
strong  nitric  acid. 

Trioxide,  MoO, — ^To  obtain  this  oxide  (commonly  called  Molyhdic  acid), 
native  molybdenum  sulphide  is  roasted,  at  a  rod  heat,  in  an  open  vessel, 
and  the  impure  molyhdic  trioxide  thence  resulting  is  dissolved  by  ammo- 
nia. The  filtered  solution  is  evaporated  to  dryness,  and  the  salt  is  taken 
up  by  water  and  purified  by  crystallization.     It  is,  lastly,  decomposed  by 
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heat,  and  thp  ammonia  expelled.  The  trioxide  may  also  be  prepared  hy 
decompoHing  native  lead  molybdate  with  sulphuric  acid.  It  is  a  white 
crystalline  powder,  fusible  at  a  red  heat,  and  slightly  soluble  in  water. 
The  solution  contains  molybdic  acidj  but  this  acid,  or  hydrate,  is  not  known 
in  the  solid  state.  The  trioxide  is  easily  dissolved  by  alkalies,  and  forma 
two  series  of  salts,  viz.,  normal  or  neutral  molybdaleSj  K^MoOf,  or  U2O.M0O,, 
and '  anktfdromolybdateSy  or  bimoli/bdateSj  RjMoO^.MoO,,  or  K20.2Mo()3,  the 
symbol  R  denoting  a  univalent  metal.  The  neutral  molybdates  of  the 
alkali-metals  are  easily  soluble  in  water,  and  their  solutions  yield,  with 
the  stronger  acids,  a  precipitate,  either  of  a  less  soluble  bimolybdate,  or 
of  the  anhydrous  trioxide.  The  other  molybda'tos  are  insoluble,  and  are 
obtained  by  precipitation,  //eo^  Mdyhdate^  PbMoO^,  occurs  native  in 
yellow  quadratic  plates  and  octohedrons. 

Snlpbides. — ^Molybdenum  forms  three  sulphides,  MoS„  M0S3,  and  M0S4, 
the  ladt  two  of  which  are  acid  sulphides,  forming  sulphur-salts.  The 
disulphide,  or  Molybdic  aulphidef  MoS,,  occurs  native,  as  molybdenite,  in  crys- 
tallo-laminar  masses,  or  tabular  crystals,  having  a  strong  metallic  lustre 
and  lead-gray  color,  and  forming  a  gray  streak  on  paper,  like  plumbago. 
The  same  compound  is  produced  artificially  by  heating  either  of  the  higher 
sulphides,  or  by  igniting  the  trioxide  with  sulphur.  When  roasted  in 
contact  with  the  air,  it  is  converted  into  trioxide. 

The  trisulphide,  MoS,,  commonly  called  Sidpkomolybdic  acid,  is  obtained  by 
passing  hydrogen  sulphide  into  a  concentrated  solution  of  an  alkaline 
molybdatii,  and  precipitating  with  an  acid.  It  is  a  black-brown  powder, 
which  is  dissolved  slowly  by  alkalies,  more  easily  by  alka.ine  sulphides 
and  sulphydrates,  forming  sulphur  salts  called  Sulphomolybdates.  Most  of 
these  salts  have  the  composition  RjMoS^,  or  RjS.MoS^,  analogous  to  that 
of  the  molybdates.  The  sulpho-molylxlates  of  the  alkali-metals,  alkaline 
earth-metals,  and  magnesium,  are  soluble  in  water,  forming  solutions  of 
a  fine  red  color;  the  rest  are  insoluble. 

Telrastdphide,  M0S4. — This  is  also  an  acid  sulphide,  forming  salts  called 
persulpIiomJolybdatea,  the  general  formula  of  which  is  R^MoSg,  or  R^S.MoS^. 
The  jMftassium  salt  is  obtained  by  boiling  the  sulpliomolybdate  with  molyb- 
denum trisulphlde. 

Molybdous  salts,  obtained  by  dissolving  molybdous  oxide  in  acids, 
are  opaque  and  almost  black.  They  yield,  with  hydrogen  sulphide^  a  brown- 
black  precipitate  soluble  in  ammonium  sulphide ;  with  alkalies^  and  alka- 
line carbonates^  a  brownish-black  precipitate  of  molybdous  hydrate,  easily 
soluble  in  acid  potassium  carlx)nate,  or  in  ammonium  carbonate  ;  with 
potassium  ferrocyanide,  a  daVk  brown  precipitate  ;  with  sodium  phosphate^  a 
white  precipitate. 

Solutions  of  molybdic  salts  have  a  reddish-brown  color.  When 
heated  in  the  air,  they  have  a  tendency  to  become  blue  by  oxidation.  In 
contact  with  metallic  zinc,  they  first  blacken  and  then  yield  a  black  preci- 
pitate of  molybdous  hydrate.  Their  reactions  with  alkalies,  hydrogen  sul- 
phide, etc.,  are  similar  to  those  of  molybdous  salts  ;  but  the  precipitates 
are  lighter  in  color. 

Molybdates  are  colorless  unless  they  contain  a  colored  base.  Solu- 
tions of  the  alkaline  molybdates  yield  with  acids  a  precipitate  of  molybdic 
trioxide,  soluble  in  excess  of  the  precipitant.  They  are  colored  yellow  by 
hydrogen  sulphide,  from  formation  of  a  snlpho-molybdate  of  the  alkali-metal, 
and  then  yield  with  acids  a  brown  precipitate  of  molybdenum  trisulphide. 
This  is  an  extremely  delicate  test  for  molybdic  acid.  They  form  white 
precipitates  with  the  salts  of  the  earth-metals,  and  precipitates  of  various 
colors  with  salts  of  the  heavy  metals.    When  ortho-phosphoric  acid,  or  a  liquid 
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oontaining  it,  is  added  to  the  solution  of  ammonium  molybdate,  together 
with  an  excess  of  hydrochloric  acid^  the  liquid  turns  yellow,  and  after  a 
while  deposits  a  yellow  precipitate  of  molybdic  trioxide,  combined  with 
small  quantities  of  phosphoric  acid  and  ammonia.  This  precipitate  is 
soluble  in  ammonia  and  likewise  in  excess  of  the  phosphate.  The  reaction 
is  therefore  especially  adapted  for  the  detection  of  small  quantities  of  phos- 
phoric acid.  The  pyrophosphates  and  metaphosphates  do  not  produce 
the  yellow  precipitate.     Arsenic  add  gives  a  similar  reaction. 

All  the  oxides  of  molybdenum  form,  with  borax y  in  the  outer  blow-pipe 
flame,  a  bead  which  is  yellow  while  hot,  and  colorless  on  cooling  ;  in  tlio 
inner  flame,  a  dark  brown  bead,  which  is  opaque  if  excess  of  molybdenum 
is  present.  By  long  continued  heating,  the  molybdic  oxide  may  be  sepa- 
rated in  dark  brown  flakes,  floating  in  the  clear  yellow  glass.  With  phos- 
phorus salt  in  the  outer  flame,  all  oxides  of  molybdenum  give  a  bead  which 
is  greenish  while  hot,  and  colorless  on  cooling  ;  in  the  inner  flame  a  clear 
green  bead,  from  which  molybdic  oxide  cannot  be  separated  by  continued 
heating. 


CLASS  VIL— HEPTAD  METALS. 

Makgakesb,  as  already  observed,  is  the  only  known  metal  referabl*^  to 
this  class,  and  it  is  more  conveniently  described  in  connection  with  the 
iron  metals. 
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CLASS  VIII.— GROUP  I.— IRON  METALS. 


IRON. 

Atomic  weight,  66.    Symbol,  Fe  (Ferrum). 

This  is  the  mast  important  of  all  the  metals  :  tliero  are  few  substances 
to  which  it  yields  in  interest,  when  it  is  considered  how  very  intimately 
the  knowledge  of  its  properties  and  uses  is  connected  with  human  civili- 
zation. 

Metallic  iron  is  of  exceedingly  rare  occurrence  :  it  has  been  found  at 
Canaan,  in  Connecticut,  forming  a  vein  about  two  inches  thick  in  mica- 
slate  ;  but  it  enters  into  the  composition  of  many  of  those  extraordinary 
stones  known  to  fall  from  the  air,  called  meteorites.  Isolated  masses  of  soft 
malleable  iron  also,  of  large  dimensions,  lie  loose  upon  the  surface  of  the 
earth  in  South  America  and  elsewhere,  and  are  presumed  to  have  had  a 
similar  origin  :  these  latter,  in  common  with  the  iron  of  the  undoubted 
meteorites,  contain  nickel.  In  an  oxidized  condition,  the  presence  of  iron 
may  be  said  to  be  universal :  it  constitutes  a  great  part  of  the  common 
coloring  matter  of  rocks  and  soils  ;  it  is  contained  in  plants,  and  forms  an 
essential  component  of  the  blood  of  the  animal  body.  It  is  also  very  eom- 
nion  in  the  state  of  bisulphide.  Pure  iron  may  be  prepared,  according  to 
Mitscherlich,  by  introducing  into  a  Hessian  crucible  4  parts  of  fine  iron  wire 
cut  small,  and  1  part  of  black  iron  oxide.  This  is  covered  with  a  mixture 
of  white  sand)  lime,  and  potassium  carlwnate,  in  the  proportions  used  for 
glass-making,  and  a  cover  being  closely  applied,  the  crucible  is  exposed  to 
a  very  high  degree  of  heat.  A  button  of  pure  metal  is  then  obtained,  the 
traces  of  carbon  and  silicon  present  in  the  wire  having  been  removed  by 
the  oxygen  of  the  oxide. 

Pure  iron  has  a  white  color  and  perfect  lustre :  it  is  extremely  soft  and 
tough,  and  has  a  specific  gravity  of  7.8.  Its  crystalline  form  is  probably 
the  cube,  to  judge  from  appearances  occasionally  exhibited.  In  good  bar- 
iron  or  wire,  a  distinct  fibrous  texture  may  always  be  observed  when  the 
metal  has  been  attacked  by  rusting  or  by  the  application  of  an  acid,  and 
upon  the  perfection  of  this  fibre  much  of  its  strength  and  value  depends. 
Iron  is  the  most  tenacious  of  all  the  metals,  a  wire  ^  of  an  inch  in  diam- 
eter bearing  a  weight  of  60  lbs.  It  is  very  difficult  of  fusion,  and  before 
becoming  liquid  passes  through  a  soft  or  pasty  condition.  Pieces  of  iron, 
pressed  or  hammered  together  in  this  state,  cohere  into  a  single  mass  :  the 
operation  is  termed  welding,  and  is  usually  performed  by  sprinkling  a  little 
sand  over  the  heated  metal,  which  combines  with  the  superficial  film  of 
oxide,  forming  a  fusible  silicate,  wliicli  is  subsequently  forced  out  from 
between  the  pieces  of  iron  by  the  pressure  applied :  clean  surfaw's  of 
metal  are  thus  presented  to  each  other,  and  union  takes  place  without 
difficulty. 

Iron  does  not  oxidize  in  dry  air  at  common  temperatures :  heated  to  red- 
ness, it  beoomes  covered  with  a  scaly  coating  of  black  oxide,  and  at  a  high 
white  heat  bums  brilliantly,  producing  the  same  substance.  In  oxygen 
gas  the  combustion  oceurs  with  still  greater  ease.  The  finely  divided 
spongy  metal,  prepared  by  reducing  the  red  oxide  with  hydrogen  gas, 
takes  fire  sjwntaneouslv  in  the  air.  Pure  water,  free  from  air  and  carbonic 
36 
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acid,  does  not  tarnish  a  surface  of  polished  iron,  but  the  combined  agency 
of  free  oxygen  and  moisture  speedily  leads  to  the  production  of  rust,  whicK 
is  a  hydrate  of  the  sesquioxide.  The  rusting  of  iron  is  wonderfully  pro- 
moted by  the  presence  of  a  little  acid  vapor.  At  a  red  heat,  iron  decom- 
poses water,  evolving  hydrogen,  and  passing  into  the  black  oxide.  Dilute 
sulphuric  and  hydrochloric  acids  dissolve  it  freely,  with  separation  of 
hydrogen.  Iron  is  strongly  magnetic  up  to  a  red  heat,  when  it  loses  all 
traces  of  that  remarkable  property. 

Iron  forms  two  classes  of  compounds;  namely  the  ferrous  com- 
pounds, in  which  it  is  bivalent,  c.  ^.,  FeClj,  FeO,  FeSO^,  etc.,  and  the 
ferric  compounds,  in  which  it  maybe  regarded  either  as  trivalent 
like  aluminium,  or  as  quadrivalent :  ferric  chloride,  for  example,  may  be 
either  FcK'lj  or  Fc^Clg^ClsFt — FeClj ;  the  vapor-density  of  this  compound, 
as  determined  by  Deville,  is  in  favor  of  tho  latter  formula. 

Chlorides. — Tho  dichloride,  or  Ferrous  chloride^  FeClj,  is  formed  by 
transmitting  dry  hydrochloric  acid  gas  over  red-hot  metallic  iron,  or  by 
dissolving  iron  in  hydrochloric  acid.  The  latter  solution  yields,  when 
duly  concentrated,  green  crystals  of  the  hydrated  dichloride,  FeClg.4H20  ; 
they  are  very  soluble  and  deliquescent,  and  rapidly  oxidize  in  the  air. 

The  trichloride,  or  Ferric  cldoridcj  FejClg,  is  usually  prepared  by  dissolv- 
ing ferric  oxide  in  hydrochloric  acid.  The  solution,  evaporated  to  a  syrupy 
consistence,  deposits  red  hydrated  crystals  which  are  very  soluble  in 
water  and  alcohol.  It  forms  double  salts  with  potassium  chloride  and  sal- 
ammoniac.  When  evaporated  to  dryness  and  strongly  heated,  much  of 
the  chloride  is  decomposed  yielding  sesquioxide  and  hydrochloric  acid  : 
tlie  remainder  sublimes,  and  afterwards  condenses  in  the  form  of  small 
brilliant  red  crystals,  which  deliquesce  rapidly.  Anhydrous  ferric  chlo- 
ride is  also  produced  by  the  action  of  chlorine  upon  the  heated  metal.  The 
solution  of  ferric  chloride  is  Gapal)lo  of  dissolving  a  large  excess  of  recently 
precipitated  ferric  hydrate,  by  which  it  acquires  a  much  darker  color. 

Iodides. — Ferrous  iodide,  Felj,  is  an  important  medicinal  preparation  : 
it  is  easily  made  by  digesting  iutliue  with  water  and  metallic  iron.  Tlie 
solution  is  pale-green,  and  yields,  on  evaporation,  crystals  resembling 
those  of  the  chloride,  which  rapidly  oxidize  on  exposure  to  air.  It  is  best 
preserved  in  solution  in  contact  with  excess  of  iron. — Ferric  iodide,  Fcjl^, 
is  yellowish-red  and  soluble. 

Iron  Oxides  and  Oacy  salts. — ^Tbree  oxides  of  iron  are  known, 
namely,  ferrous  oxide,  FeO,  and  ferric  oxide  Fe^Oj,  analogous  to  the  chlo- 
rides, and  an  intermediate  oxide,  usually  called  magnetic  iron  oxide,  con- 
taining FC3O4  or  FeO.FegOg.  A  trioxide,  FeOg,  is  supposed  to  exist  in  a 
class  of  salts  called  ferrates,  but  it  lias  not  been  isolated. 

Monoxide,  or  Ferrous  oxide,  FeO. — This  is  a  very  powerful  base,  neutral- 
izing acids,  and  isomorphous  with  magnesia,  zinc  oxide,  etc.  It  is  almost 
unknown  in  the  sep«arate  state,  from  its  extreme  proneness  to  absorb  oxy- 
gen and  pass  into  the  sesquioxide.  When  a  ferrous  salt  is  mixed  with 
caustic  alkali  or  ammonia,  a  bulky  whitish  precipitate  of  ferrous  hydrate 
falls,  which  becomes  nearly  black  when  lx)iled,  the  water  being  separated. 
This  hydrate  changes  very  rapidly  when  exposed  to  the  air,  becoming 
green  and  ultimately  red-bi-own.  The  soluble  ferrous  salts  have  commonly 
a  delicate  pale-green  color,  and  a  nauseous  metallic  taste. 

Sesquioxide,  or  Ferric  oxide,  FejO,. — A  feeble  base,  isomorphous  with 
alumina.  It  occurs  native,  most  beautifully  crystallized,  as  specular  iron 
ore,  in  tho  island  of  Elba,  and  elsewhere ;  also  as  red  and  brown  hamtaiitef 


IRON  423 

the  latter  being  a  hydrate.  It  is  artificially  prepared  by  precipitating  a 
solation  of  ferric  sulphate  or  chloride  with  excess  of  ammonia,  and  wash- 
ing, drying,  and  igniting  the  yellowish-brown  liydrate  tluis  produced  : 
fixed  alkali  must  not  bo  used  in  this  operation,  as  a  i)ortion  is  retained  by 
the  oxide.  In  fine  powder,  this  oxide  has  a  full  red  color,  and  is  used  as 
a  pigment,  being  prepaiH.*d  for  the  purpose  by  calcination  of  ferrous  sul- 
phate ;  the  tint  varies  somewhat  with  the  temperature  to  which  it  has 
been  exposed.  The  oxide  is  unaltered  in  the  fire,  although  easily  reduced 
at  a  high  temperature  by  carbon  or  hydrogen.  It  dissolves  in  acids,  with 
difficulty  after  strong  ignition,  forming  a  series  of  reddish  salts,  which 
have  an  acid  reaction  and  an  astringent  taste.  Ferric  oxide  is  not  acted 
upon  by  the  magnet. 

Triferro-tetroxidey  Ferroso-ferric  oxide,  FejO^^sFeO.FcjOj,  also  called  black 
iron  oxide y  magnetic  oxide,  and  loadstone,  a  natural  procluct,  one  of  the  most 
valuable  of  the  iron-ores,  often  found  in  regular  octohedral  crystals,  which 
are  magnetic.  It  may  be*  prepared  by  mixing  due  proportions  of  ferrous 
and  ferric  salts,  precipitating  them  with  excess  of  alkali,  and  then  boiling 
tlie  mixed  hydrates  ;  the  latter  then  unite  to  a  black  sandy  sulwtance, 
consisting  of  minute  crystals  of  the  magnetic  oxide.  This  oxide  is  the 
chief  product  of  the  oxidation  of  iron  at  a  high  temperature  in  the  air  and 
in  aixueous  vapor.     It  is  incapable  of  forming  definite  salts. 

Fbbrates. — ^When  a  mixture  of  one  part  of  pure  ferric  oxide  and  four 
parts  of  dry  nitre  is  heated  to  full  redness  for  an  hour  in  a  covered  cruci- 
ble, and  the  resulting  brown,  porous,  deliquescent  mass  is  treatwl  when 
cold  with  ice-cold  water,  a  deep  amethystine- red  solution  of  potassium 
ferrate  is  obtained.  The  same  salt  may  be  more  easily  prepared  by  pass- 
ing chlorine  gas  through  a  strong  solution  of  potash  in  which  recently  pre- 
cipitated ferric  hydrate  is  suspended  ;  it  is  then  dei)osited  as  a  black  powder, 
which  may  be  drained  upon  a  tile.  It  consists  of  KjFeOi  or  K^O.FeOj,  and  is 
therefore  analogous  in  composition  to  the  sulphate  and  chromate  of  potas- 
sium. The  solution  of  tliis  salt  gradually  decomposes,  even  in  the  cold, 
and  rapidly  when  heated,  giving  off  oxygen  and  depositing  sesquioxide. 
The  solution  of  potassium  ferrate  gives  no  precipitate  with  salts  of  calcium, 
magm^ium,  or  strontium,  but  when  mixe<i  with  a  barium  salt,  it  yit>lds  a 
deep  crimson,  insoluble  barium  ferrate,  BaFeO^  or  BaO.FeO,,  which  is  very 
perman<!nt.  Neither  the  hydrogen-salt  or  ferric  acid,  HflFiO^,  nor  the  cor- 
responding anhydrous  oxide,  FeO,,  is  known  in  the  separate  state. 

FBRRors  SrLPHATE,  FeS0^.7H.p  or  FeO.S03.7naO.--This  beautiful  and 
important  salt,  commonly  called  green  vitriol.,  iron  vitriol^  or  copperas,  may 
be  obtained  by  dissolving  iron  in  dilute  sulphuric  acid:  it  is  generally 
prepared,  however,  and  on  a  very  large  scale,  by  contact  of  air  and  mois- 
ture with  common  iron  pyrites,  which,  by  absorption  of  oxygen,  readily 
furnishes  tlie  substance  in  question.  Heaps  of  this  material  are  exj)osod 
to  the  air  until  the  decomj)osition  is  sufliciently  advanced  :  the  salt  pro- 
duced is  then  dissolved  out  by  water,  and  the  solution  made  to  crystallize. 
It  forms  large  green  crystals,  of  the  composition  alwve  stated,  which  slowly 
effloresce  and  oxilizp*  in  the  air :  it  is  soluble  in  about  twice  its  weight  of 
cold  water.  Crystals  containing  4  and  also  2  molecules  of  water  have  been 
obtained.  Ferrous  sulphate  forms  double  salts  with  the  sulphates  of  po- 
tassium and  ammonium,  containing  FeK2(S()j).^.b*H.,0  and  Fe(NIl4).j(S04)2. 
61IjO,  isomorphous  with  the  corresponding  magnesium  salts. 

Ferric  Sulphate,  (Fe2)^(S04)3  or  FejOg.SSO.,,  is  prepared  by  adding  to 
a  solution  of  the  ferrous  salt  exactly  one-half  as  much  sulphuric  acid  as 
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it  already  contains,  raising  the  liquid  to  the  boiling-point,  and  then  drop- 
ping in  nitric  acid  until  the  solution  ceases  to  blacken  by  such  addition. 
The  red  liquid  thus  obtained  furnishes,  on  evaporation  to  dryness,  a  buff- 
colored  amorphous  mass,  which  dissolves  very  slowly  when  put  into  water. 
With  the  sulphates  of  potassium  and  ammonium,  this  salt  yields  com- 
pounds having  the  form  and  constitution  of  alums ;  the  potassium  salt, 
for  example,  has  the  composition  Fe'"K(S04)jl2HjO.  The  crystals  are 
nearly  destitute  of  color ;  they  are  decomposed  by  water,  and  sometimes  by 
long  keeping  in  the  dry  state.  These  salts  are  best  prepared  by  exposing 
to  spontaneous  evaporation  a  solution  of  ferric  sulphate  to  which  potassium 
or  ammonium  sulphate  has  been  added. 

Ferrous  Nitrate,  FeCNOj)^. — When  dilute  cold  nitric  acid  is  made  to 
act  to  saturation  upon  iron  monosulphide,  and  the  solution  is  evaporated 
in  a  vacuum,  pale-green  and  very  soluble  crystals  of  ferrous  nitrate  are 
obtained,  which  are  very  subject  to  alteration.  •  Ferric  nitrate  is  readily 
formed  by  pouring  nitric  acid,  slightly  diluted,  upon  iron :  it  is  a  deep- 
red  liquid,  apt  to  deposit  an  insoluble  basic  salt,  and  is  used  in  dyeing. 

Ferrous  Carbonate,  FeCO,  or  FcO.CO.,. — The  whitish  precipitate  ob- 
tained by  mixing  solutions  of  ferrous  salt  and  alkaline  carbonate:  it  can- 
not be  washed  and  dried  without  losing  carbonic  acid  and  absorbing  oxy- 
gen. This  suljstance  occurs  in  nature  as  spathose  iron  ore^  or  iron  spar,  as- 
sociated with  variable  quantities  of  calcium  and  magnesium  carbonates ; 
also  in  the  common  clay  iron-stone^  from  which  nearly  all  the  British  iron 
is  made.  It  is  often  found  in  mineral  waters,  being  soluble  in  excess  of 
carbonic  acid :  such  waters  are  known  by  the  rusty  matter  they  deposit  on 
exposure  to  the  air.     No  ferric  carlwnate  is  known. 

The  pJiosphates  of  iron  are  all  insoluble.* 

Iron  Snlphides. — Several  compounds  of  iron  and  sulphur  are 
known :  of  these  the  two  most  important  are  the  following.  The  monosul- 
phide^  or  ferrous  sulphide  j  FeS,  is  a  blackish  brittle  substance,  attracted  by 
the  magnet,  formed  by  heating  together  iron  and  sulphur.  It  is  dissolved 
by  dilute  acids,  with  evolution  of  sulphuretted  hydrogen  gas,  and  is  con- 
stantly employed  for  that  purpose  in  the  laboratory,  being  made  by  pro- 
jecting into  a  red-hot  crucible  a  mixture  of  2J  parts  of  sulphur  and  4  parts 
of  iron  filings  or  borings  of  cast  iron,  and  excluding  the  air  as  much  as 
possible.  The  same  substance  is  formed  when  a  bar  of  white-hot  iron  is 
brought  in  contact  with  sulphur.  The  bisulphide,  FeS,,  or  iron  pyrites,  is 
a  natural  product,  occurring  in  rocks  of  all  ages,  and  evidently  formed  in 
many  cases  by  the  gradual  deoxidation  of  ferrous  sulphate  by  organic 
matter.  It  has  a  brass-yellow  color,  is  very  hard,  not  attracted  by  the 
magnet,  and  not  acted  upon  by  dilute  acids.  When  it  is  exposed  to  boat, 
sulphur  is  expelled,  and  an  intermediate  sulphide,  FejjS^,  analogous  to  the 
black  oxide,  is  produced.     This  substance  also  occurs  native,  under  the 

♦  Triferrous  orthophosphftte  FeaP-O^.Aqs  may  be  prepared  from  dlsndic  ortho- 
phosphate  and  ferrous  sulphate,  their  solutinus  having  been  previously  deprived 
of  air  by  boiling.  The  precipitate  must  be  washed  and  dried  out  of  contact  of  air. 
It  Is  a  white  powder,  insoluble  in  cold  water,  soluble  in  dilute  mineral  acids,  and 
8lii;htly  In  carbonic  and  dilute  acetic  acid.  Ammonia  dissolves  It,  forroinfc  a  yellow 
solution,  becomini?  turbid  on  exposure  to  the  air.  When  the  recent  precipitate  is 
washed  and  dried  with  exposure  to  the  air,  it  is  oxidized,  becoming  blue,  passing 
to  the  ferroso- ferric  orthophosphatc  containing  2FesP2()(,(Ke50jP04)Aqie. 

Ferric  nyrophosphatc,  Fe^Pfttlji.Aqp,  is  prepared  by  precipitating  neutral  ferrlo 
chloride  by  sodium  pyrophosnhate.  White  powder.  Insoluble  in  water,  soluble 
in  acids,  solution  of  sodium  phosphate,  ammonia,  and  its  carboaatea.— R.  B. 
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nam©  of  magnetic  pyrites.  Iron  pyrites  is  the  material  now  chiefly  em- 
ployed for  the  manufacture  of  sulphuric  acid  ;  for  this  purpose  the  mineral 
is  roasted  in  a  current  of  air,  and  the  sulphurous  acid  formed  is  passed 
into  the  lead  chambers  ;  the  residue  consists  of  iron  oxide,  frequently  con- 
taining a  quantity  of  copper  large  enough  to  render  the  extraction  of  that 

metal  remunerative. 

Compounds  of  iron  with  phosphorus,  carbon,  and  silicon  exist,  but  little  is 
known  respecting  them  in  a  definite  state.  The  carbon ide  is  contained  in 
cast  iron  and  in  steel,  to  which  it  communicates  ready  fusibility  ;  the  sili- 
con-compound is  also  found  in  cast  iron.  Phosphorus  is  a  very  hurtful 
substance  in  bar  iron,  as  it  renders  it  brittle  or  cold-short. 


Reactions  of  Iron  Salts. — ^Ferrous  salts  are  thus  distinguished  : — 
Caustic  alkalies  and  ammonia  give  nearly  white  precipitates,  insoluble  in 
excess  of  the  reagent,  rapidly  becoming  green,  and  ultimately  brown,  by 
exposure  to  air.  The  carbonates  of  potassium^  sodium,  and  ammonium  throw 
down  whitish  ferrous  carbonate,  also  very  subject  to  change.  Hydrogen 
sulphide  gives  no  precipitate,  but  ammonium  sulphide  throws  down  black  fer- 
rous sulphide,  soluble  in  dilute  acids.  Fbtassiumferrocyanide  gives  a  nearly 
white  precipitate,  becoming  deep-blue  on  exposure  to  air  ;  the  ferricyanide 
gives  at  once  a  deep-blue  precipitate. 

Ferric  salts   are  thus  characterized  : — 

Caustic  fixed  alkalies  and  ammonia  give  foxy-red  precipitates  of  ferric  hy- 
drate, insoluble  in  excess. 

The  carbonates  behave  in  a  similar  manner,  the  carlwnic  acid  escaping. 
Hydrogen  sulphide  gives  a  nearly  white  precipitate  of  sulphur,  and  reduces 
the  sesquioxide  to  monoxide.  Ammonium  sulphide  gives  a  black  precipitate, 
slightly  soluble  in  excess.  Pbtassium  ferrocyanide  yields  Prussian  blue. 
Tincture  or  infusion  of  gall-nuts  strikes  intense  bluish-black  with  the  most 
dilute  solutions  of  ferric  salts. 


Iron  Manufacture. — ^This  most  imjwrtant  branch  of  industry 
consists,  as  now  conducted,  of  two  distinct  parts — viz.,  the  production 
from  the  ore  of  a  fusible  carbonide  of  iron,  and  the  subsequent  decomposi- 
tion of  the  carbonide,  and  its  conversion  into  pure  or  malleable  iron. 

The  clay-iron  ore  is  found  in  association  with  coal,  forming  thin  bods  or 
nodules  :  it  consists,  as  already  mentioned,  of  ferrous  carbonate  mixed 
with  clay  ;  sometimes  lime  and  magnesia  are  also  present.  It  is  broken 
in  pieces,  and  exposed  to  heat  in  a  furnace  resembling  a  lime-kiln,  by 
which  the  water  and  carbonic  acid  are  expelled,  and  the  ore  rendered 
dark-colored,  denser,  and  also  magnetic :  it  is  then  ready  for  reduction. 
The  furnace  in  which  this  operation  is  performed  is  usually  of  very  large 
dimensions,  50  feet  or  more  in  height,  and  constructed  of  brickwork  with 
great  solidity,  the  interior  being  lined  with  excellent  fire-bricks :  the 
shape  will  be  understood  from  the  section  shown  in  fig.  159.  The  furnace 
is  close  at  the  bottom,  the  fire  being  maintained  by  a  powerful  artificial 
bbist  introduced  by  two  or  three  twyere-pipes^  as  shown  in  the  section. 
The  materials,  consisting  of  due  proportion  of  coke  or  carbonized  coal, 
roasted  ore,  and  limestone,  are  constantly  supplied  from  the  top,  the  ope- 
ration liroceeding  continuously  night  and  day  often  for  years,  or  until  the 

36* 


426  IKON    METALS. 

furnace  is  judged  to  require  repair.     In  the  upper  part  ot  the  furnace, 
vhere  tlie  temperature  U  still  very  high,  and  where  uombufltible  ga8i>B 
abuuad,  the  iron  of  the  ore  is  probably 
Fie*  i"-  reduced  to  the  metntlic  State,  being  dia- 

gfiuinated  tliruugh  the  earthy  matler  of 
tlie  ore.  As  the  whole  sinkii  dowu  and 
altaiiiB  a  still  higher  degree  of  heat,  tlie 
iron  becomes  converted  into  carbonide  by 
centeiilalion,  while  tbe  silica  And  alumina 
nnite  vith  the  lime,  purposely  added,  to 
a  kind  of  glass  or  slag,  ncarij'  free  from 
iron  o:iide.  The  carhouideand  Blag,  both 
in  a  uii'lted  Btate,  reach  at  last  the  bottom 
of  tlie  furnace,  where  thej  arrange  them- 
selves  in  the  order  of  their  densities  :  the 
slag  flows  out  at  certain  apertures  con- 
trived for  the  purpose,  and  the  iron  ia 
discharged  from  time  to  time,  and  suffered 
to  run  into  rude  luouldg  of  sand  by  open- 
ing an  orifice  at  the  bottom  of  the  ret-ipi- 
ent,  previouuly  stopped  with  clay.  Such 
is  llie  origin  of  erode,  east,  or  jag  iron,  of 
whiL-h  there  are  several  Tarieties,  distin- 
guished by  differences  of  color,  hardness, 
and  composition,  and  known  by  the  names 
of  yraji,  Uack,  and  vkitt  iron.  The  first  is 
for  most  purposes  the  beat,  as  it  admits  of  being  filed  and  cut  with  perfect 
ease.  The  black  and  gray  kinds  probably  contain  a  mechanical  admixture 
of  graphite,  which  se|>arates  during  solidification. 

A  great  improvement  in  the  original  mode  of  condncting  the  process  was 
the  substitution  of  raw  coal  for  coke,  and  the  blowing  of  hot  air  instead 
of  cold  into  (he  furnace.  This  is  efiTcctei!  by  causing  the  air,  on  leaving 
the  blowing-machine,  to  circulate  through  a  system  of  red-hot  iron  pipes, 
until  its  temperature  becomes  high  enough  to  melt  lead.  This  alteration 
effects  a  prodigious  saving  in  fuel,  without  injury  to  the  quality  of  the 
product. 

The  converiiion  of  cast-  into  bar-iron  is  effected  chiefly  by  an  operation 
called  puddling,  previous  to  which,  however,  it  sometimes  undergoes  a  pra- 
ci«9  called  rrfiaiag,  which  conslsla  in  remelting  it,  in  contact  with  the 
fuel,  in  small  low  furnaces  called  rejinerie*,  while  atr  is  blown  over  its  sur- 
face by  means  of  twyeres.  The  effect  of  thU  operation  is  to  deprive  the 
iron  of  a  great  part  of  the  carbon  and  silicon  associated  with  it.  The 
metal  thus  purified  is  run  ont  into  a  trench,  and  suddenly  cooled,  by 
which  it  becomes  whit«,  crystalline,  and  exceedingly  hard  :  in  this  state 
It  is  called>ne  metal.  The  puddling  is  conduct«d  in  on  ordinary  reverbe- 
ratory  furnace,  into  which  the  charge  of  crude  or  of  fine  metal  is  intro- 
duced by  a  Bide  aperture.  This  is  speedily  melted  by  the  fiame,  and  its 
surface  covered  with  a  crust  or  onide.  Tlie  workman  then,  by  the  aid  of 
au  iron  tool,  diligently  stirs  the  melted  mass,  so  as  Intimately  to  mix  the 
oxide  with  the  metal;  ho  now  and  then  also  throws  in  a  little  water,  with 
the  view  of  promoting  more  rapid  oxidation.  Small  jels  of  blue  flame  soon 
appear  upon  the  surface  of  the  iron,  and  the  latter,  after  a  time,  begins  to 
lose  its  fluidity,  and  acquires,  in  succession,  a  pasty  and  a  granular  oon- 
dition.  At  this  point  the  fire  is  strongly  urged,  the  sandy  particles  once 
more  cohere,  and  tho  contents  of  the  furnace  now  admit  of  being  formed 
into  several  large  balls  or  masses,  which  are  then  withdrawn,  and  placed 
e  hammer,  moved  by  machinery,  by  which  each  bueomeA 
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quickly  fashioned  into  a  rude  bar.  This  is  reheated,  and  passed  between 
grooved  cast-iron  rollers,  and  drawn  out  into  a  long  bar  or  rod.  To  make 
the  best  iron,  the  bar  is  cut  into  a  number  of  pieces,  which  are  afterwards 
piled  or  bound  together,  again  raised  to  a  welding  heat,  and  hamniered  or 
rolled  into  a  single  bar ;  and  this  pro/jess  of  piling  or  Jaijoting  is  sometimes 
twice  or  thrice  repeated,  the  iron  becoming  greatly  improved  thereby. 

The  general  nature  of  the  change  in  the  puddling  furnace  is  not  difficult 
to  explain.  Cast-iron  consists  essentially  of  iron  in  combination  with 
carbon  and  silicon.  When  strongly  heated  with  iron  oxide,  those  com- 
pounds undergo  decomposition,  the  carbon  and  silicon  becoming  oxidized 
at  the  expense  of  the  oxygen  of  the  oxide.  As  this  change  takes  place, 
the  metal  gradually  loses  its  fusibility,  but  retains  a  certain  degree  of  ad- 
hesiveness, so  that  when  at  last  it  comes  under  the  tilt-hammer,  or  between 
the  rollers,  the  particles  of  iron  become  agglutinated  into  a  solid  mass, 
while  the  readily  fusible  silicate  of  the  oxide  is  squeezed  out  and  sepa- 
rated. 

All  these  processes  are,  in  Great  Britain,  performed  with  coal  or  coke ; 
but  the  iron  obtained  is,  in  many  respects,  inferior  to  that  made  in  Sweden 
and  Russia  from  the  magnetic  oxide,  by  the  use  of  wood  charcoal — a  fuel 
too  dear  to  be  extensively  employed  in  England.  Plate  iron  is,  however, 
sometimes  made  with  charcoal. 

A  method  of  producing  malleable  iron  directly  from  the  ore  has  been  in- 
vented by  C.  W.  Siemens.*  The  furnace  consists  of  a  rotatory  iron 
cylinder,  which,  by  means  of  wheel-gearing,  may  be  made  to  revolve  either 
four  or  five  times  or  from  60  to  80  times  in  an  hour.  The  ore  to  be  smelted 
is  broken  into  fragments  not  exceeding  the  size  of  peas  or  beans ;  and  to 
it  is  added  lime  or  other  fluxing  material,  in  such  proportion  that  the 
gangue  contained  in  the  ore  and  flux  combines  with  only  a  little  ferrous 
oxide  into  basic  and  fluid  slag.  If  the  ore  is  hematite,  or  contains  silica, 
it  is  best  to  add  alumina  in  the  shape  of  aluminous  iron  ore ;  manganiferous 
iron  may  also  be  added  with  advantage.  A  charge  of  about  20  cwts.  of 
ore  is  put  into  the  furnace  when  fully  heated,  while  it  is  revolving  slowly. 
In  about  forty  minutes  this  charge  of  ore  and  fluxing  material  will  have 
been  heated  to  bright  redness,  and  at  this  time  from  5  to  6  cwt.  of  small 
coal  of  uniform  size  (not  larger  than  nuts)  is  added  to  the  charge,  whilst 
the  rotative  velocity  is  increased  in  order  to  accelerate  the  mixture  of  coal 
and  ore.  A  rapid  reaction  is  the  result:  the  ferric  oxide  being  reduced  to 
magnetic  oxide  begins  to  fuse,  and  at  the  same  time  metallic  iron  is  pre- 
cipitated by  each  piece  of  carbon,  while  the  fluxing  materials  form  a  fluid 
slag  with  the  siliceous  gangue  of  the  ore.  The  slow  rotative  action  is  then 
again  resorted  to,  whereby  the  mass  is  turned  over  and  over,  presenting 
continually  new  surfaces  to  the  heated  lining  and  to  the  flame  within  tlie 
rotator. 

When  the  reduction  of  the  iron  ore  is  nearly  completed,  the  rotator  is 
stopped  in  the  proper  position  for  tapping  off  the  fluid  cinder;  after  this 
the  quick  speed  is  imparted  to  the  rotator,  whereby  the  loose  masses  of 
iron  contained  in  it  are  rapidly  collected  into  two  or  three  metallic  balls. 
These  are  taken  out  and  shingled  in  the  usual  way  of  consolidating  puddled 
balls ;  the  furnace  is  tapped  again,  and  is  ready  to  receive  another  charge 
of  ore. 

Steel. — ^A  very  remarkable  and  most  useful  substance,  prepared  by 
heating  iron  in  contact  with  charcoal.  Bars  of  Swedish  iron  are  imbedded 
in  charcoal  powder,  contained  in  a  large  rectangular  crucible  or  chest  of 

♦  Ohem.  Soo.  Jour.,  1874,  p.  671 ;  Watta'a  Dictionary  of  Chemistry,  2d  Suppl.,  p. 
701. 
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some  substance  capable  of  resisting  the  fire,  and  exposed  for  many  honra 
to  a  full  red  heat.  The  iron  takes  up,  under  these  circumstances,  from  1.3 
to  1.7  per  cent,  of  carbon,  becoming  harder,  and  at  tlie  same  time  fusible, 
with  a  certain  diminution,  however,  of  malleability.  The  active  agent  in 
this  cementation  process  is  probably  carbon  monoxide :  the  oxygen  of  the 
air  in  the  crucible  combines  with  the  carbon  to  form  that  substance,  which 
is  afterwards  decomposed  by  the  heated  iron,  one-half  of  its  carl)on  being 
abstracted  by  the  latter.  The  carbon  dioxide  thus  formed  takes  up  an 
additional  dose  of  carbon  from  the  charcoal,  and  again  becomes  monoxide, 
the  oxygen,  or  rather  the  carbon  dioxide,  acting  as  a  carrier  between  the 
charcoal  and  the  metal.  The  product  of  this  operation  is  called  blistered 
steel,  from  the  blistered  and  rough  appearance  of  the  bars :  the  texture  is 
afterwards  improved  and  equalized  by  welding  a  number  of  these  bars 
together,  and  drawing  the  whole  out  under  a  light  tilt-hammer. 

Some  chemists  have  recently  asserted  tliat  nitrogen  is  necessary  for  the 
production  of  steel,  and  have,  in  fact,  attributed  to  its  presence  the  peculiar 
properties  of  this  material ;  others,  again,  have  disputed  this  assertion,  and 
believe  that  the  transformation  of  iron  into  steel  depends  upon  the  assimi- 
lation of  carbon  only ;  experimentally,  the  question  remains  undecided. 

Excellent  steel  is  obtained  by  fusing  gray  cast-iron  with  tungstic  oxide ; 
the  carbon  of  the  iron  reduces  the  tungstic  oxide  to  tungsten,  which  forms 
with  the  iron  an  alloy  possessing  the  properties  of  steel.  The  quantity  of 
tungsten  thus  absorbed  by  the  iron  is  very  small,  and  some  chemists  at- 
tribute the  properties  of  the  so-called  tungsten  steel  to  the  general  treat- 
ment rather  than  to  the  presence  of  tungsten. 

The  most  perfect  kind  of  steel  is  that  which  has  undergone  fusion,  hav- 
ing been  cast  into  ingot  moulds,  and  afterwards  hammered  ;  of  this  all 
fine  cutting  instruments  are  made.  It  is  difficult  to  forge,  requiring  great 
skill  and  care  on  the  part  of  the  operator. 

Steel  may  also  be  made  directly  from  some  particular  varieties  of  cast- 
iron,  as  that  from  spathose  iron  ore  containing  a  little  manganese.  The  metal 
is  retained,  in  a  melted  state,  on  the  hearth  of  a  furnace,  while  a  stream 
of  air  plays  upon  it,  and  causes  partial  oxidation  :  the  oxide  produced 
reacts,  as  before  stated,  on  the  carbon  of  the  iron,  and  withdraws  a  por- 
tion of  that  element.  When  a  proper  degree  of  stiffness  or  pastiness  is 
observed  in  the  residual  metal,  it  is  withdrawn,  and  hammered  or  rolled 
into  bars.  The  wootz^  or  native  steel  of  India,  is  probably  made  in  this 
manner.  Annealed  cast-iron,  sometimes  called  run  steely  is  now  much  eni- 
ploved  as  a  substitute  for  the  more  costly  products  of  the  forge  :  the  arti- 
cles, when  cast,  are  embedded  in  powdered  iron  ore,  or  some  earthy  material, 
and,  after  lieing  exposed  to  a  moderate  red  heat  for  some  time,  are  allowcnl 
to  cool  slowly,  by  which  a  very  great  degree  of  softness  and  malleability  is 
attained.  It  is  Very  possible  that  some  little  decarbonization  may  take 
place  during  this  process. 

Cast-steel  may  also  be  made  in  Siemens's  rotatory  furnace  above  de- 
8crib<»d,  the  balls  being  transferred  from  the  rotator  to  the  bath  of  a  steel- 
melting  furnace  in  their  heated  condition,  and  without  subjecting  them  to 
previous  consolidation  under  a  hammer  or  shingling  machine.  It  is  possi- 
ble, however,  to  push  the  operation  within  the  rotator  to  the  point  of  ob- 
taining cast-steel.  For  this  purpose  the  relative  amount  of  carlwnaceous 
matter  is  somewhat  increased  in  the  first  instance,  so  that  the  ball,  if 
shingled,  would  be  of  the  nature  of  puddled  steel,  or  even  contain  some 
carlx>n  mechanically  mixed. 

Bessemer  steel  is  produced  by  forcing  atmospheric  air  into  melted  cast- 
iron.  The  carlK)n  being  oxidized  more  readily  than  the  iron,  it  is  converted 
into  carbon  monoxide,  which  escapt^s  in  a  sufficiently  heated  state  to  take 
fire  on  coming  in  contact  with  atmospheric  air.     Considerable  heat  is  gene- 
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rated  hy  the  oxidation  of  the  carbon  and  iron,  so  that  the  temperature  is 
kept  above  the  melting-point  of  steel  during  the  whole  of  the  operation. 
When  the  decarburation  has  been  carried  far  enough,  the  current  of  air  is 
stopped,  and  a  small  quantity  of  white  pig<iron,  containing  a  large  amount 
of  manganese,  is  dropped  into  the  liquid  metal.  This  serves  to  facilitate 
the  separation  of  any  gas  retained  with  the  melted  metal,  which,  after  a 
few  minutes'  rest,  is  run  into  ingot  moulds. 

The  most  remarkable  property  of  steel  is  that  of  becoming  exceedingly 
hard  when  quickly  cooled.  When  heated  to  redness,  and  suddenly 
quenched  in  cold  water,  steel,  in  fact,  becomes  capable  of  scratching  glass 
w^ith  facility :  if  reheated  to  reduess,  and  once  more  left  to  cool  slowly,  it 
again  becomes  nearly  as  soft  as  ordinary  iron ;  and  between  these  two 
conditions,  any  required  degree  of  hardness  may  be  attained.  The  arti- 
clt«  forged  into  shape,  are  first  hardened  in  the  manner  described  ;  they 
are  then  tempered^  or  let  down  by  exposure  to  a  proper  degree  of  annealing 
heat,  which  is  often  judged  of  by  the  color  of  the  thin  111m  of  oxide  which 
appears  on  the  polished  surface.  Thus,  a  temperature  of  about  2210  C. 
(430O  F.),  indicated  by  a  faint  straw-color,  gives  the  proper  temper  for 
razors :  that  for  scissiors,  penknives,  etc.,  is  comprised  between  243^  C. 
and  2540  C.  (470-490O  p.),  and  is  indicated  by  a  full  yellow  or  brown  tint. 
Swords  and  watchsprings  require  to  be  softer  and  more  elastic,  and  must 
be  heated  to  288^  or  2'J'SO  C.  (55()-560O  F.),  or  until  the  surface  becomes 
deep  blue.  Attention  to  these  colors  has  now  become  of  less  importance, 
as  metal  baths  are  often  substituted  for  the  open  fire  in  this  operation. 


NICKEL. 

Atomic  weight,  68.8.    Symbol,  Ni. 


Nickel  is  found  in  tolerable  abundance  in  some  of  the  metal-bearing 
veins  of  the  Saxon  mountains,  in  Westphalia,  Hessia,  Hungary,  and 
Sweden,  chiefly  as  arsenide,  the  kupfernickel  of  mineralogists,  so  called  fnnn 
its  yellowish-red  color.  The  word  nickel  is  a  term  of  detraction,  having 
been  applied  by  the  old  German  miners  to  what  was  looked  upon  as  a  kind 
of  false  copper  ore. 

The  artificial,  or  perhaps  rather  merely  fused  product,  called  gpeissy  is 
nearly  the  same  substance,  and  may  be  employed  as  a  source  of  the  nickel 
salts.     This  metal  is  found  in  meteoric  iron,  as  already  mentioned. 

Nickel  is  easily  prepared  by  exposing  the  oxalate  to  a  high  white  heat, 
in  a  crucible  lined  with  charcoal,  or  by  reducing  one  of  the  oxides  by 
means  of  hydrogen  at  a  high  temperature.  It  is  a  white,  malleable  metal, 
having  a  density  of  8.8,  a  high  melting-point,  and  a  less  degree  of  oxida- 
bility  than  iron,  since  it  is  but  little  attacked  by  dilute  acids.  Nickel  is 
strongly  magnetic,  but  loses  this  property  when  heated  to  35(P  C.  (6620 
F.). 

Nickel  Chloride,  NiCl,. — This  compound  is  easily  prepared  by  dis- 
solving oxide  or  carbonate  of  nickel  in  hydrochloric  acid.  A  green  solu- 
tion is  obtained,  w^hich  furnishes  crystals  of  the  same  color  containing 
water.  When  rendered  anhydrous  by  heat,  the  chloride  is  yellow,  unless 
it  contains  cobalt,  in  which  case  it  has  a  tint  of  green. 

Nickel  OzideB  and  Ozysalts. — Nickel  forms  two  oxides  analogous  to 
the  two  principal  oxides  of  iron. 

The  monoxide,  NiO,  is  prepared  by  heating  the  nitrate  to  redness,  or  by 
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precii»it.'iting  a  soluble  nickel  salt  with  caustic  potash,  and  washing,  dry- 
ing, and  igniting  the  apple-green  hydrated  oxide  tlirowu  down,  it  is  au 
ashy-gray  powder,  freely  soluble  in  acids,  which  it  completely  neutralizes, 
forming  salts  isomorphous  with  those  of  magnesium  and  the  other  meml)er8 
of  the  same  group.  Nickel  salts,  when  hydrated,  have  usually  a  beautiful 
emerald-green  color;  in  the  anhydrous  state  they  are  yellow. 

Tlie  sesquioxide,  Ni^O,,  is  a  black  insoluble  substance,  prepared  by  passing 
chlorine  through  the  hydrated  monoxide  suspended  in  water ;  nickel  chlo- 
ride is  then  formed,  and  the  oxygen  of  the  oxide  decomposed  is  transferred 
to  a  second  portion.  It  is  also  produced  when  a  salt  of  nickel  is  mixed 
with  a  solution  of  bleaching-powder.  The  sesquioxide  is  decomposed  by 
heat,  and  evolves  chlorine  when  treated  with  hot  hydrochloric  acid. 

Nickel  Sulphate,  NiSO^.  711^0. — ^This  is  the  most  important  of  the  nickel 
salts.  It  forms  green  prismatic  crystals,  which  require  3  parts  of  cold 
water  for  solution.  Crystals  with  six  molecules  of  water  have  also  Ixjen 
obtained.  It  forma  with  the  sulphates  of  potassium  and  ammonium  beau- 
tiful double  salts,  NiKjCSOJj.OHjO,  and  Ni(NH^)2(SO^)j.6U20,  isomor- 
phous with  the  corresponding  nnagnesium  salts. 

When  a  strong  solution  of  oxalic  acid  is  mixed  with  sulphate  of  nickel, 
a  pale  bluish-green  precipitate  of  oxalate  falls  after  some  time,  very  little 
nickel  remaining  in  solution.  The  oxalate  can  thus  bo  obtained  ibr  pre- 
paring the  metal. 

Nickel  Carbonate,  NiCOj. — ^When  solutions  of  nickel  sulphate  or  chlo- 
ride and  of  sodium  carbonate  are  mixed,  a  pale-gr<*en  precipitate  falls, 
which  is  a  combination  of  nickel  carbonate  and  hydrate.  It  Is  readily 
decomposed  by  heat. 

Pure  nickel  salts  are  conveniently  prepared  on  the  small  scale  from  crude 
speiss  or  kupfernickel  by  the  following  process  :  The  mineral  is  broken 
into  small  fragments,  mixed  with  from  one-fourth  to  half  its  weight  »>f  iron 
filings,  and  the  whole  dissolved  in  nitro-muriatic  acid.  The  solution  is 
gently  evaporated  to  dryness,  the  residue  treated  with  boiling  water,  and 
the  insoluble  iron  arsenate  removed  by  a  filter.  The  liquid  is  then  acidu- 
lated with  hydrochloric  acid,  treated  with  hydrogen  sulphide  in  excess, 
which  precipitates  the  copper,  and,  after  filtration,  boiled  with  a  little  nitric 
acid  to  bring  back  the  iron  to  the  state  of  sesquioxide.  To  the  cold  and 
largely  diluted  liquid  solution,  acid  sodium  carbonate  is  gradually  added, 
by  wliich  the  ferric  oxide  may  be  completely  separated  without  loss  of 
ni(;kel  salt.  Lastly,  the  filtered  solution,  boiled  with  sodium  carbonate  in 
excess,  yields  an  abundant  pale-green  precipitate  of  nickel  carbonate,  from 
wliich  all  the  other  compounds  may  be  prepared. 

The  precipitate  thus  obtainetl  may  still,  however,  contain  cobalt,  the 
separation  of  which  is  not  very  easy.  Several  methods  of  separating  these 
metals  have  been  proposed,  the  best  of  which  is  perhaps  that  of  li.  Rose. 
The  mixed  oxides  or  carbonates  being  dissolved  in  exc<»ss  of  hydrochloric 
acid,  the  solution,  largely  diluted  with  water,  is  supersaturated  with  chlo- 
rine gas,  whereby  the  cobalt  monoxide  is  converted  into  sesquioxide,  while 
the  nickel  monoxide  remains  unaltered.  The  liquid  is  next  mixed  with 
excess  of  recently  precipitatt»d  barium  carl)onate,  left  to  stand  for  twelve 
to  eighteen  hours,  and  shaken  up  from  time  to  time.  The  whole  of  the 
cobalt  is  thereby  thrown  down  as  sesquioxide,  while  the  nickel  remains  in 
solution,  and  may  be  precipitatinl  as  hydrate  by  potash,  after  the  barium 
also  contained  in  the  solution  has  been  removed  by  precipitation  with  sul- 
phuric acid.* 

*  For  other  modes  of  Bepftratintir  nickel  And  cohitit,  see  Gme1ia*s  Uandbookf  vol. 
T.  pp.  .S5&-36J ;  aad  Watt8*ii  Dictionary  of  Chemistry,  vol.  1. 1046. 
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'    Nickel  salts  are  well  characterized  hy  their  behavior  with  reagents. 

Caustic  cUkalies  give  a  pale  apple-green  precipitate  of  hydrate,  insoluble 
in  excess.  Amtnonia  atlords  a  similar  precipitate,  which  is  soluble  in  ex- 
cess, with  deep  purplish-blue  color.  Potassium  and  sodium  carbonates  give 
pale-green  precipitates.  Ammonium  carbonate,  a  similar  precipitate,  soluble 
in  excess,  with  blue  color.  Potassium  ferrocyanide  gives  a  greenish-white 
precipitate.  Potassium  cyanide  produces  a  green  precipitate,  which  dissolves 
in  an  excess  of  the  precipitant  to  an  amber-colored  liquid,  and  is  reprecipi- 
tated  hy  addition  of  hydrochloric  acid.  Hydrogen  sulphide  occasions  no 
change,  if  the  nickel  be  in  combination  with  a  strong  acid.  Ammonium  sul- 
phide produces  a  black  precipitate  of  nickel  sulphide,  which  dissolves 
slightly  in  excess  of  the  precipitant,  with  dark-brown  color.  Nickel  sul- 
phide, when  once  precipitated,  is  insoluble  in  dilute  hydrochloric  acid ;  it 
is  soluble  in  nitromuriatic  and  in  hot  nitric  acid. 


The  chief  use  of  nickel  in  the  arts  is  in  the  preparation  of  a  white  alloy, 
sometimes  called  German  silver,  made  by  melting  together  100  parts  of 
copper,  lt>  of  zinc,  and  40  of  nickel.  This  alloy  is  Yury  malleable,  and 
takes  a  high  polish. 

Another  application,  of  recent  introduction,  is  the  electrolytic  deposition 
of  nickel  on  iron,  steel,  copper,  brass,  and  other  metals,  from  a  solution  of 
nickel  sulphate  or  the  double  sulphate  or  chloride  of  nickel  and  ammonium, 
or  nickel  and  potassium.  The  nickel  is  deposited  in  dense  layers,  capable 
of  receiving  a  good  polish. 


COBALT. 

Atomic  weight,  68.8.    Symbol,  Go. 


This  substance  bears,  in  many  respects,  a  close  resemblance  to  nickel : 
it  is  often  associated  with  the  latter  in  nature,  and  may  be  obtained  from 
its  compounds  by  similar  means. 

A  cobalt-salt  free  from  nickel  may  be  prepared  by  Rose's  process  just 
described.  The  precipitate,  consisting  of  cobalt  sesquioxide  mixed  with 
barium  carbonate,  is  boiled  with  hydrochloric  acid  to  reduce  the  cobalt 
sesquioxide  to  monoxide,  and  dissolve  it  as  chloride  together  with  the 
barium.  The  latter  metal  is  then  precipitated  by  sulphuric  acid,  and 
from  the  filtered  liquid  the  cobalt  may  be  precipitated  as  hydrate  by  pot- 
ash. A  solution  of  cobalt  free  from  the  nickel  may  also  be  obtained  by 
precipitating  the  mixed  solution  with  oxalic  acid  :  the  whole  of  the  nickel 
is  thereby  precipitated,  together  with  a  small  portion  of  the  cobalt,  leaving 
pure  cobalt  in  solution. 

Cobalt  is  a  white,  brittle,  very  tenaeious  metal,  having  a  specific  gravity 
of  8.5,  and  a  very  high  melting  point.  It  is  unchanged  in  the  air,  and 
but  feebly  attacked  by  dilute  hydrochloric  and  sulphuric  acids.  It  is 
strongly  magnetic. 

Cobalt  forms  two  classes  of  salts,  analogous  in  composition  to  the  ferrous 
and  ferric  salts ;  but  the  cobaltic  salts,  in  which  the  metal  is  apparently 
trivalent,  are  very  unstable. 

Chlorides. — The  dicJdoride,  or  Cobaltous  chloride,  CoClj,  is  easily  prepared 
by  dissolving  the  oxide  in  hydrochloric  acid ;  or  it  may  be  prepared  di- 
rectly from  cobait-glancej  the  native  arsenide,  by  a  process  exactly  similar 
to  that  described  in  the  case  of  nickel.     It  forms  a  deep  rose-red  solution, 
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which,  when  sufficiently  strong,  deposits  hydrated  crystals  of  the  same 
color  ;  when  the  liquid  is  evaporated  by  heat  to  a  very  small  bulk,  it  de- 
posits anhydrous  crystals,  which  are  blue  :  these  latter  by  contact  with 
water  again  dissolve  to  a  red  liquid.  A  dilute  solution  of  cobalt  chloride 
constitutes  the  well-known  blue  sifmpathetic  ink :  characters  written  on  paper 
with  this  liquid  are  invisible,  from  their  paleness  of  color,  until  the  salt 
has  been  rendered  anhydrous  by  exposure  to  heat,  when  the  letters  appear 
blue.  On  laying  it  aside,  moisture  is  absorbed,  and  the  writing  onco 
more  disappears.  Green  sympathetic  ink  is  a  mixture  of  the  chlorides  of 
cobalt  and  nickel. 

The  trichloride^  or  Cobaltic  chloride ,  COjGlg,  is  obtained  in  solution  by  dis- 
solving the  sequioxide  in  hydrochloric  acid,  and  in  small  quantity  by  satu- 
rating a  solution  of  the  dichloride  with  chlorine  gas.  The  liquid  has  a 
dark-brown  color,  but  easily  decomposes,  giving  off  chlorine  and  leaving 
the  rose-colored  dichloride. 

Oxides  and  Oxysalts. — Cobalt  forms  two  oxides  analogous  to  those 
of  nickel,  also  two  or  three  of  intermediate  composition,  but  not  very  well 
defined.  The  ntonoxicky  or  Cobcdtous  ozide^  CoO,  is  a  gray  powder,  very 
soluble  in  acids,  and  is  a  strong  base,  isomorphous  with  magnesia,  afford- 
ing salts  of  a  fine  red  tint.  It  is  prepared  by  precipitating  cobaltous  sul- 
phate or  chloride  with  sodium  carbonate,  and  washing,  drying,  and  igniting 
the  precipitate.  When  the  cobalt  solution  is  mixed  with  caustic  potash, 
a  beautiful  blue  precipitate  falls,  which,  when  heated,  becomes  violet,  and 
at  length  dirty-red,  from  absorption  of  oxygen  and  a  change  in  the  state 
af  hydration. 

The  sesquioxide,  or  Cobaltic  oxide^  Co^O,,  is  a  black,  insoluble,  neutral 
powder,  obtained  by  mixing  solutions  of  cobalt  and  chloride  of  lime.  It 
dissolves  in  acids,  yielding  the  cobaltic  salts. 

Cobaltoso-cobaltic  oxide^  CojO^,  analogous  to  the  magnetic  oxide  of  iron,  is 
formed  when  cobaltous  nitrate  or  oxalate,  or  hydrated  cobaltic  oxide, 
is  heated  in  contact  with  the  air.  According  to  Fr6my,  it  is  a  salifiable 
base. 

Another  oxide,  of  add  character,  is  said  to  be  obtained,  in  the  form  of  a 
potassium  salt,  by  fusing  the  monoxide  or  sesquioxide  with  potassium 
hydroxide.  A  crystalline  salt  is  thus  formed,  consisting,  according  to 
Schwarzenberg,  of  KjO.SCojO^.SAq. 

Cobaltous  Sulphatb,  C0SO4.7H2O. — ^This  salt  forms  red  crystals,  re- 
quiring for  solution  24  parts  of  cold  water :  they  are  identical  in  form 
with  those  of  magnesium  sulphate.  It  combines  with  the  sulphates  of 
potassium  and  ammonium,  forming  double  salts,  which  contain,  as  usual, 
6  molecules  of  wat^r. 

A  solution  of  oxalic  acid  added  to  cobaltous  sulphate  occasions,  after 
some  time,  the  separation  of  nearly  the  whole  of  the  base  in  the  state  of 
oxalate. 

Cobaltous  Cabbovate.— The  alkaline  carbonates  produce  in  solutions  of 
cobalt  a  pale  peach-blossom-colored  precipitate  of  combined  carbonate  and 
hydrate,  containing  2C0CO3.3C0II2O,  -|-  Aq. 

Ammoniaoal  Cobalt  Componnds. — Cobaltous  salts,  treated  with  am- 
monia in  a  vessel  protected  from  the  air,  unite  with  the  ammonia,  forming 
compounds  which  may  be  called  ammonio-cobaltous  salts.  Most 
of  them  contain  6  molecules  of  ammcmia  to  1  molecule  of  the  cobalt-salt ; 
tlius,  the  chloride  contains  C0Clj.6NH3.Aq. ;  the  nitrate,  Co(NOs)gGNH3. 
2Aq.     They  are  generally  crystallizable,  and  of  a  rose-color,  soluble  with- 
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oat  decomposition  in  ammonia,  but  decomposed  by  water,  with  formation 
of  a  basic  salt.  H.  Rose,  by  treating  dry  cobalt  chloride  with  ammonia 
gas,  obtained  the  compound  C0CI2.4NH3  ;  and  in  like  manner,  an  ammonio- 
Kulphato  has  been  formed  containing  CoSO^.^NH,. 

When  an  ammoniacal  solution  of  cobalt  is  exposed  to  the  air,  oxygen  is 
absorbed,  the  liquid  turns  brown,  and  new  salts  are  formed,  containing  a 
higher  oxide  of  cobalt  (either  COjO,,  or  CoOj),  and  therefore  designated 
generally  as  peroxidized  ammonio-oobalt  salts.  Several  of 
them,  containing  different  bases,  are  often  formed  at  the  same  time. 
Most  of  the  peroxidized  ammonio-oobalt  salts  are  composed  of  cobaltic 
salts  united  with  two  or  more  molecules  of  ammonia.  The  composition  of 
the  normal  salts  may  be  illustrated  by  the  chlorides,  as  in  the  following 
table : — 

Tetrammonio-cobaltic  chloride CO2CI5.4NH, 

Uexammonio-oobal tic  chloride  ....  Co^CIq. GNU, 

Octammonio-cabaltic  (or  fusco-oobaltic)  chloride      .  CojCl^.SNU, 
Decammonio-cobaltic  (roseo-  and  purpureo-cobaltic) 

chloride        ........  CogCl^.lONH} 

Dodecammonio-cobaltic  (or  luteo-cobaltic)  chloride  .  CO2CI0.I2NUS. 

The  formulae  of  the  corresponding  normal  nitrates  are  deduced  from  the 
preceding  by  substituting  NO,  for  CI ;  those  of  the  sulphates,  oxalates,  and 
other  bi basic  salts,  by  substituting  SO^,  CjO^,  etc.,  for  CI,.  Thus  decam- 
monio-cobaltic sulphate  =sCo^(SO^)^.l02ili^,  There  are  also  several  acid  and 
basic  salts  of  the  same  ammonia-molecules.  Further,  there  is  a  class  of 
salts  containing  the  elements  of  nitrogen  dioxide  or  nitrosyl,  NO,  in  addi- 
tion to  ammonia,  0.  g.f  dccammonio-nitroao-cobaltic  or  xantho-cobaltic  oxyddoride^ 
Ca2Cl40.lUNiI.,.N,0,.  Lastly,  Fr6my  has  obtained  ammoniacal  compounds 
ifixycobultic  salts)  containing  salts  of  cobalt  corresponding  with  the  dioxide.* 


Cobaltous  salts  have  the  following  characters  : — 

Solution  of  potash  gives  a  blue  precipitate,  changing  by  heat  to  violet 
and  red.  Ammonia  gives  a  blue  precipitate,  soluble  with  difficulty  in  ex- 
cess, with  brownish-red  color.  /Sodium  carbonate  forms  a  pink  precipitate. 
Ammonium  carbonate,  a  similar  compound,  soluble  in  excess.  I^tassium 
ferrocyanide  gives  a  grayish-green  precipitate.  Ihtassium  cyanide  forms  a 
yellowish- brown  precipitate,  which  dissolves  in  an  excess  of  the  precipi- 
tant. The  clear  solution,  after  boiling,  may  be  mixed  with  hydrochloric 
acid  without  giving  a  precipitate.  Hydrogen  sulphide  produces  no  change, 
if  the  cobalt  is  oombiued  with  a  strong  acid.  Ammonium  stdphide  throws 
down  black  sulphide  of  cobalt,  insoluble  in  dilute  hydrochloric  acid. 

Cobaltic  salts,  formed  by  dissolving  cobaltic  oxide  in  acids,  give, 
with  potash,  a  dark-brown  precipitate  of  hydrated  cobaltic  oxide ;  with 
anuuonia,  a  brownish-red  solution ;  with  the  fixed  alkaline  carbonates,  a 
green  solution,  which  deposits  a  small  quantity  of  cobaltic  oxide ;  with 
awnonium  sulphide  (after  saturation  of  the  free  acid  by  ammonia),  a  black 
precipitate. 

Oxide  of  cobalt  is  remarkable  for  the  magnificent  blue  color  it  commu- 
nicates to  glass :  indeed,  this  is  a  character  by  which  its  presence  may  be 
most  easily  detected,  a  very  small  portion  of  the  sulwtance  to  be  examined 
being  fused  with  borax  on  a  loop  of  platinum  wire  before  the  blowpipe ; 

*  For  the  preparation  and  properties  of  all  these  salts,  see  Watts's  Dictionary 
of  Chemistry,  vol.  i.  1061,  first  Supplement,  p.  479,  and  second  Supplemeot,  i>.  868. 
Their  rational  formulae  are  similar  to  those  of  the  ammoniaoal  platinum  salts  (p. 
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the  prodnction  of  this  color  both  in  the  inner  and  in  the  outer  flame  dis- 
tinguishes cobalt  from  all  other  metals. 

The  substance  called  smultj  used  as  a  pigment,  consist  of  glass  colored  by 
cobalt :  it  is  thus  made :  The  cobalt  ore  is  roasted  until  nearly  free  from 
arseuic,  and  then  fused  with  a  mixture  of  potassium  carbonate  and  quartz- 
sand,  free  from  oxide  of  iron.  Any  nickel  that  may  happen  to  be  con- 
tained in  the  ore  then  subsides  to  the  bottom  of  the  crucible  as  arsenide: 
this  is  the  speiss  of  which  mention  has  already  been  made.  The  glass, 
when  complete,  is  removed  and  poured  into  cold  water ;  is  is  afterwards 
ground  to  powder  and  elutriated.  Cobalt  ultramarine  is  a  fine  blue  color 
prepared  by  mixing  16  parts  of  freshly  precipitated  alumina  with  2  parts  of 
cobalt  phosphate  or  arsenate :  this  mixture  is  dried  and  slowly  heated  to 
redness.  By  daylight  the  color  is  pure  blue,  but  by  artificial  light  it  is 
violet.  A  similar  compound,  of  a  fine  green  color,  is  formed  by  igniting 
zinc  oxide  with  cobalt  salts.  Zaffer  is  the  roasted  cobalt  ore  mixed  with 
siliceous  sand,  and  reduced  to  fine  powder :  it  is  used  in  enamel  painting. 
A  mixture  in  due  proportions  of  the  oxides  of  cobalt,  manganese,  and  iron 
is  used  for  giving  a  fine  black  color  to  glass. 


MANGANESB. 

Atomic  weight,  66.    Symbol,  Mn. 


Manganese  is  tolerably  abundant  in  nature  in  rfh  oxidized  state,  form- 
ing, or  entering  into  the  composition  of,  several  interesting  minerals, 
traces  of  this  substance  are  very  frequently  found  in  the  ashes  of  plants. 

Metallic  manganese,  or  perhaps  strictly,  manganese  carbonide,  may  be 
prepared  by  the  following  jjrocess :  The  carbonate  is  calcined  in  an  open 
vessel,  by  which  it  becomes  converted  into  a  dense  brown  powder :  this  is 
intimately  mixed  with  a  little  charcoal,  and  about  one -tenth  of  its  weight 
of  anhydrous  borax.  A  charcoal  crucible  is  next  prepared  by  filling  a 
Hesssian  or  Cornish  crucible  with  moist  charcoal  powder,  introduced  a 
little  at  a  time,  and  rammed  as  hard  as  possible.  A  smooth  cavity  is  then 
scooped  in  the  centre,  into  which  the  above-mentioned  mixture  is  com- 
pressed, and  covered  with  charcoal  powder.  The  lid  of  the  crucible  is 
then  fixed,  and  the  whole  arranged  in  a  very  powerful  wind-furnace.  The 
heat  is  slowly  raised  until  the  crucible  becomes  red-hot,  after  which  it  is 
urged  to  its  maximum  for  an  hour  or  more.  When  cold,  the  crucible  is 
broken  np,  and  the  metallic  button  of  manganese  extracted. 

Deville  has  lately  prepared  pure  manganese  by  reducing  pure  manga- 
nese oxide  with  an  insufficient  quantity  of  sugar  charcoal  in  a  crucible 
made  of  caustic  lime.  Thus  prepared,  metallic  manganese  possesses  a 
reddish  lustre  like  bismuth  :  it  is  very  hard  and  brittle,  and,  when  pow- 
dered, decomposes  water,  even  at  the  lowest  temperature.  Dilute  sul- 
phuric acid  dissolves  it  with  great  energy,  evolving  hydrogen.  Brunner 
produced  metallic  manganese  from  manganese  and  sodium  fluoride  by 
means  of  sodium.  The  metal  obtained  by  this  process  scratches  glass  and 
hardened  steel,  and  has  a  specific  gravity  of  7.13. 

Manganese  is  usually  regarded  as  a  metal  of  the  iron  group,  inasmuch 
as  it  forms  a  dichloride  and  trichloride  analogous  to  the  iron  chlorides, 
together  with  oxides  and  other  compounds  of  corresponding  constitution. 
On  the  other  hand,  it  is  said  to  form  a  heptachloride,  MnCl^,  according  to 
which  it  should  be  regarded  as  a  heptad  ;  and  it  exhibits  the  same  degree 
of  quantivalence  in  the  permanganates  (pp.  241,  438). 
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Manganese  Chlorides. — The  dichloride^  or  Manganmut  chloride^  may  be 
prepared  iu  a  state  of  ])urity  from  the  dark  brown  liquid  residue  of  the 
preparation  of  chlorine  from  manganese  dioxide  and  hydrochloric  acid, 
which  often  accumulates  in  the  laboratory  to  a  considerable  extent  in  the 
course  of  investigation :  from  the  pure  chloride,  the  carbonate  and  all  the 
other  salts  can  be  conveniently  obtained.  The  liquid  referred  to  consists 
chiefly  of  the  mixed  chlorides  of  managanese  and  iron  :  it  is  filtered,  eva- 
porated to  perfect  dryness,  and  the  residue  is  slowly  heated  to  dull  ignition 
in  an  earthen  vessel,  with  constant  stirring.  The  iron  chloride  is  thus 
either  volatilized,  or  converted  by  the  remaining  water  into  insoluble  ses- 
quioxide,  while  the  manganese  salt  is  unail'ected.  On  treating  the  grayish- 
looking  powder  thus  obtained  with  water,  the  manganese  chloride  is  dis- 
solved out,  and  may  be  separated  by  filtration  from  the  iron  oxide.  Should 
a  trace  of  the  latter  yet  remain,  it  may  be  got  rid  of  by  boiling  the  liquid 
for  a  few  minutes  with  a  little  manganese  carbonate.  The  solution  of  the 
chloride  has  usually  a  delicate  pink  color,  which  becomes  very  manifest 
when  the  salt  is  evaporated  to  dryness.  A  strong  solution  deposits  rose- 
colored  tabular  cryjtals,  which  contain  4  molecules  of  water  ;  they  are 
very  soluble  and  deliquescent.  The  chloride  is  fusible  at  a  red-heat,  is 
decomi}osed  slightly  at  that  temperature  by  contact  with  air,  and  is  dis- 
solved by  alcohol,  with  which  it  forms  a  crystallizable  compound. 

The  trickloridef  or  Manganic  chloride,  Mnj|Clg,  is  formed  when  precipitated 
manganic  oxide  is  immersed  in  cold  concentrated  hydrochloric  acid,  the 
oxide  then  dissolving  quietly  without  evolution  of  gas.  Heat  decomposes 
the  trichloride  into  diehloride  and  free  chlorine. 

Heptachloride,  MnCl,  (?). — When  potassium  permanganate  is  dissolved 
in  strong  sulphuric  acid,  and  fused  sodium  chloride  is  added  by  small 
portions  at  a  time,  a  greenish-yellow  gas  is  given  off,  which  condenses  at 
OO  to  a  greenish- brown  liquid.  This  compound,  when  exposed  to  moist 
air,  gives  off  fumes,  colored  purple  by  permanganic  acid,  and  is  instantly 
decomposed  by  water  into  permanganic  and  hydrochloric  acids.  It  is  re- 
garded by  Dumas,  who  discovered  it,  as  the  heptachloride  of  manganese  ; 
but  H.  Rose  regarded  it  as  an  oxychloride,  MnClgO,,  analogous  to  chromic 
oxyxshloride,  a  view  which  is  in  accordance  with  its  mode  of  formation. 

Fluorides  of  manganese  have  been  formed  analogous  to  each  of  these  chlo- 
rides. 

Manganese  Oacldes  and  Oxysaltn. — ^Manganese  forms  four  well-de- 
fined oxides,  constituted  as  follows  : — 

Monoxide,  or  Manganous  oxide         .....  MnO 

Trimangano-tetroxide,  or  Manganoso-manganic  oxide       .  Mn^O^ 

Sesquioxide,  or  Manganic  ox^ple Mn^O, 

Dioxide  or  Peroxide MnO|. 

The  first  is  a  strong  base,  the  third  a  weak  base  :  the  second  and  fourth 
are  neutral ;  the  second  may  be  regarded  as  a  compound  of  the  first  and 
third,  MnO.MnjOj.  There  are  also  several  oxides  intermediate  between 
the  monoxide  and  dioxide,  occurring  as  natural  minerals  or  ores  of  man- 
ganese. Manganese  likewise  forms  two  series  of  oxygen-salts,  called  man- 
ganates  and  permanganates,  the  composition  of  which  may  be  illustrated  by 
the  potassium  salts,  viz. : 

Potassium  manganate    ....     K^MnOi  =  KjO.MnOj 
Potassium  permanganate       .        .        .    K^Mn^C),  =  KgO.Mn^Of. 

The  oxides,  MnOg  and  Mn^O^,  corresponding  with  these  salts,  are  not 
known. 


436  IBON    METALS. 

Monoxoide,  or  Manganous  oxide,  MnO. — When  manganese  carbonate  is 
heated  in  a  stream  of  hydrogen  gas,  or  vapor  of  water,  carLx)n  dioxide  id 
disengaged,  and  a  greenish  powder  left  behind,  which  is  the  monoxide. 
Prepared  at  a  dull  red  heat  only,  the  monoxide  is  bo  prone  to  absorb  oxy- 
gen from  the  air,  that  it  cannot  be  removed  from  the  tube  without  change ; 
but  when  pfepared  at  a  higher  temperature,  it  appears  more  stable.  This 
oxide  is  a  very  powerful  base,  being  isomorphous  with  magnesia  and  zino 
oxide ;  it  dissolves  quietly  in  dilute  aoids,  neutralizing  them  completely, 
and  forming  salts,  which  have  often  a  beautiful  pink  color.  When  alkalies 
are  added  to  solutions  of  these  compounds,  the  white  hydrated  oxide 
first  precipitated  speedily  becomes  brown  by  passing  into  a  higher  state 
of  oxidation. 

Sesquioxidey  or  Manganic  oxide,  Mn^O,. — This  compound  occurs  in  nature 
as  braunite,  and  in  the  state  of  hydrate  as  manganile :  a  very  beautiful  crys- 
tallized variety  is  found  at  Ilefeld,  in  the  Uartz.  It  is  produced  artificially, 
by  exposing  the  hydrated  monoxide  to  the  air,  and  forms  the  principal 
part  of  the  residue  left  in  the  iron  retort  when  oxygen  gas  is  prepared  by 
exposing  the  native  dioxide  to  a  moderate  red  heat.  The  color  of  the  ses- 
quioxide  is  brown  or  black,  according  to  its  origin  or  mode  of  preparation. 
It  is  a  feeble  base,  isomorphous  with  alumina :  for  when  gently  heated 
with  diluted  sulphuric  acid,  it  dissolves  to  a  red  liquid,  which,  on  the  ad- 
dition of  potassium  or  ammonium  sulphate,  deposits  octohedral  crystals, 
having  a  constitution  similar  to  that  of  common  alum :  these  are,  however, 
decomposed  by  water.  Strong  nitric  acid  resolves  this  oxide  into  a  mixture 
of  monoxide  and  dioxide,  the  former  dissolving,  and  the  latter  remaining 
unaltered :  while  hot  oil  of  vitriol  destroys  it  by  forming  manganous  sul- 
phate and  liberating  oxygen  gas.  On  heating  it  with  hydrochloric  acid, 
chlorine  is  evolved,  as  with  the  dioxide,  but  in  smaller  amount. 

Dioxide,  MnO.^. — Peroxide  of  Manganese,  Pyrolusitc, — ^The  most  common 
ore  of  manganese  ;  it  is  found  both  massive  and  crystallized.  It  may  be 
obtained  artificially  in  the  anhydrous  state  by  gently  calcining  the  nitrate, 
or  in  combination  with  water,  by  adding  solution  of  bleaching  powder  to 
a  salt  of  the  monoxide.  Manganese  dioxide  has  a  black  color,  is  insoluble 
in  water,  and  refuses  to  unite  with  acids.  It  is  decomposed  by  hot  hy- 
drochloric acid  and  by  oil  of  vitriol  in  the  same  manner  as  thesesquioxide. 
It  unites  with  the  stronger  bases,  potash,  lime,  etc.,  forming  salts  called 
manganites,  e,g,,  CaO.MnO,  or  CaMnOg,  which  are  produced  by  precipi- 
tating a  solution  of  a  manganous  salt  with  the  corres]>onding  base  in  pre- 
sence of  an  oxidizing  agent,  such  as  a  stream  of  air  or  oxygon  gas.  Such 
are  the  manganites  of  calcium  and  magnesium  formed  in  Weldon's  process 
for  the  recovery  of  manganese  dioxide  from  waste  chlorine-liquors  (p.  17G). 
According  to  Fr6my,*  manganese  dioxide  likewise  acts  as  a  base,  forming 
definite  salts  with  acids,  e.g.,  a  sulphate,  MnO,.  SO,. 

The  proportion  of  real  dioxide  contained  in  a  commercial  sample  of  the 
black  oxide  may  be  determined  as  follows :  50  grains  of  the  mineral,  re- 
duced to  very  fine  powder,  are  put  into  the  little  vessel  employed  in  the 
analysis  of  carbonates  (p.  310),  together  with  about  half  an  ounce  of  cold 
water,  and  100  grains  of  strong  hydrochloric  acid  ;  50  grains  of  crystallized 
oxalic  acid,  Cfifi^,  are  then  added,  the  cork  carrying  the  drying  tube  is 
fitted,  and  the  whole  quickly  weighed  or  counterpoised.  The  application 
of  a  gentle  heat  sufllc«s  to  determine  the  action  ;  the  oxalic  acid  is  oxidized 
into  water  and  carbon  dioxide,  which  escapes  as  gas,  while  the  manganese 
remains  in  solution  as  manganous  chloride : 

MnO,  -f  C,H,04  4-  2HC1  =  MnCl,  +  2H,0  -f-  2C0,. 
*  CompteB  RenduB,  Ixxxli.  1231}  Chem.  Soc.  Journal,  1877,  i.  62. 
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This  equation  shows  that  every  two  molecules  of  carbon  dioxide  evolved 
correspond  with  one  molecule  of  manganese  dioxide  decomposed.  Now  the 
molecular  weight  of  this  oxide,  87,  is  so  nearly  equal  to  twice  that  of  car- 
bon dioxide,  44,  that  the  loss  of  weight  sutl'ered  by  the  apparatus  when 
the  reaction  lias  become  complete,  and  the  residual  gas  has  been  driven  olT 
by  momentary  ebullition,  may  be  taken  to  represent  the  quantity  of  real 
dioxide  in  the  50  grains  of  the  sample.  The  apparatus  of  Will  and  Fro- 
senius,  described  at  page  311,  may  also  be  ust^  with  advantage  in  this 
process. 

Trimangano-tetroxidey  or  Red  manganese  oxide ^  MujO^,  or  probably  MnO. 
MujO,. — ^'riiis  oxide  is  also  found  native,  as  hausinannitey  and  is  produced 
artificially  by  heating  the  dioxide  or  sesquioxide  to  whiteness,  or  by  ex- 
posing the  monoxide  or  carbonate  to  a  red  heat  in  an  open  vessel.  It  is  a 
reddish-brown  substance,  incapable  of  forming  salts,  and  acted  upon  by 
acids  in  the  same  manner  as  the  two  other  oxides  already  described.  Borax 
and  glass  in  the  fused  state  dissolve  it,  and  acquire  the  color  of  the  ame- 
thyst. 

Varmcite^  Mn^O^.H^O  or  MhO.SMnOj.HjO,  is  a  natural  mineral,  discov- 
ered by  Phillips  among  certain  specimens  of  manganese  ore  from  Warwick- 
shire :  it  has  also  been  found  at  Ilefeld  in  the  Hartz.  It  much  resembles 
the  dioxide,  but  is  harder  and  more  brilliant.  By  a  strong  heat,  varvicite 
is  converted  into  red  oxide,  with  disengagement  of  aqueous  vapor  and 
oxygen  gas. 

Several  other  oxides.  Intermediate  in  composition  between  the  monoxide 
and  dioxide,  also  occur  native ;  they  are  probably  mere  mixtures,  and  in 
many  oases  the  monoxide  is  more  or  less  replaced  by  the  corresponding 
oxides  of  iron,  cobalt,  and  copper. 

Makoanous  Sulphate,  MnSO^.THjO  or  MnO. SO,. TIT jO. — A  beautiful  rose- 
colored  and  very  soluble  salt,  isomorphous  with  magnesium  sulphate.  It 
is  prepared  on  the  large  scale  for  the  use  of  the  dyer,  by  heating  in  a  close 
vessel  manganese  dioxide  and  coal,  and  dissolving  the  impure  monoxide 
thus  obtained  in  sulphuric  acid,  with  addition  of  a  little  hydrochloric  acid 
towards  the  end  of  the  process.  The  solution  is  evaporated  to  dryness, 
and  again  exposed  to  a  red  heat,  by  which  ferric  sulphate  is  decomposed. 
Water  then  dissolves  out  the  pure  manganese  sulphate,  leaving  ferric  ox- 
ide behind.  The  salt  is  used  to  produce  a  permanent  brown  dye,  the  cloth 
steeped  in  the  solution  being  afterwards  passed  through  a  solution  of 
bleaching  powder,  by  which  the  monoxide  is  changed  to  insoluble  hydrate 
of  the  dioxide.  Manganous  sulphate  sometimes  crystallizes  with  5  mole- 
cules of  water.  It  forms  a  double  salt  with  potassium  sulphate,  contain- 
ing MnK,(SOJ,.6HjO. 

MA!roA50DS  Carbonate,  MnCO,  or  MnO.COj. — Prepared  by  precipitating 
the  dichloride  with  an  alkaline  carbonate.  It  is  an  insoluble  white  pow- 
der, sometimes  with  a  buff-colored  tint.  £xposed  to  heat,  it  loses  carbon 
dioxide  and  absorbs  oxygen. 

Manga 5 ATBS.— When  an  oxide  of  manganese  is  fused  with  potash,  oxy- 
gen is  taken  up  from  the  air,  and  a  deep  green  saline  mass  results,  which 
contains  potassium  manganate,  KjMnO^  or  K^O.MnOji.  The  addition  of  po- 
tassium nitrate  or  chlorate  facilitates  the  reaction.  Water  dissolves  this 
compound  very  readily,  and  the  solution,  concentrated  by  evaporation  in  a 
vacuum,  yields  green  crystals.  Barium  manganate,  BaMnO^,  is  formed  in  a 
similar  manner.  In  these  salts  manganese  is  sexvalent,  like  chromium  in 
the  chromates. 

37* 
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PsRMANOAKATES. — ^When  potassiuiu  maiiganate,  free  from  any  great  ex- 
cess of  alkali,  is  put  into  a  large  quantity  of  water,  it  is  resolved  into 
liydrated  manganese  dioxide,  which  subsides,  and  potassium  permanganate^ 
KjMnjOg  or  K^O-Mn^OT,  which  remains  in  solution,  forming  a  deep  purple 
liquid : 

SKjMnO^  +  2HjO  =  MnO,  +  KjMnjO,  +  4KH0. 

This  effect  is  accelerated  by  heat,  I'he  changes  of  color  accompanying 
this  decomposition  are  very  remarkable,  and  have  procured  for  the  man- 
ganate  the  name  mineral diamel eon;  excess  of  alkali  hinders  the  reaction  in 
some  measure,  by  conferring  greater  stability  on  the  manganate.  Potas- 
sium permanganate  is  easily  prepared  on  a  considerable  scale.  Equal 
parts  of  very  finely  powdered  manganese  dioxide  and  potassium  chlorate 
are  mixed  with  rather  more  than  one  part  of  potassium  hydroxide  dissolved 
in  a  little  water,  and  the  whole  is  exposed,  after  evaporation  to  dryness, 
to  a  temperature  just  short  of  ignition.  The  mass  is  treated  with  hot 
water,  the  insoluble  oxide  separated  by  decantation,  and  the  deep-puri)le 
liquid  concentrated  by  heat,  until  crystals  form  upon  its  surface :  it  is  then 
left  to  cool.  The  crystals  have  a  dark  purple  color,  and  are  not  very 
soluble  in  cold  water.  The  manganates  and  permanganates  are  decomposed 
by  contact  with  organic  matter :  the  former  are  said  to  be  isomorphous  with 
the  sulphates,  and  the  latter  with  the  perchlorates.  The  green  and  red 
disinfecting  agents  known  as  Condy's  fluids,  are  alkaline  manganates  and 
permanganates . 

Hydrogen  permanganate ^  or  Permanganic  acid,  H^MnjOg,  is  obtained  by  dis- 
solving potassium  permanganate  in  hydrogen  sulphate,  H^SO^,  diluted  with 
one  molecule  of  water,  and  distilling  the  solution  at  (Jl^Q-TOO.  Perman- 
ganic acid  then  passes  over  in  violet  vapors,  and  condenses  to  a  greenish- 
black  liquid,  which  has  a  metallic  lustre,  absorbs  moisture  greedily  from 
the  air,  and  acts  as  a  most  powerful  oxidizing  agent,  instantly  setting  fire 
to  paper  and  to  alcohol.  In  this  acid  and  its  salts  the  manganese  is  septi- 
valent  (p.  241). 


Manganons  salts  are  v^ry  easily  distinguished  by  reagents.  The  Jired 
caustic  alkalies  and  ammonia  give  white  precipitates,  insoluble  in  excess, 
quickly  becoming  brown.  The  carbonates  of  thejixed  alkalies  and  carbonate 
of  ammonia  give  white  precipitates,  but  little  subject  to  change,  and  in- 
soluble in  excess  of  carbonate  of  ammonia.  Hydrogen  sulphide  gives  no 
precipitate,  but  ammonium  sulphide  throws  down  insoluble  fieah-colored  sul- 
pliide  of  manganese,  which  is  very  characteristic.  Potassium  ferrocyanide 
gives  a  white  precipitate. 

Manganese  is  also  easily  detected  by  the  blowpipe :  it  gives  with  borax 
an  amethyst-colored  bead  in  the  outer  or  oxidizing  flame,  and  a  colorless 
one  in  the  inner  flame.  Heated  upon  platinum  foil  with  sodium  carbonate, 
it  yields  a  gre«n  mass  of  sodium  manganate. 
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CLASS  VIIL— GROUP  II.— PLATINUM  METALS. 


PLATINUM. 

Atomic  weight,  197.0.    Symbol,  Pt. 

Platinum,  palladium,  rhodium,  iridium,  rhuthenium,  and  osmium,  fonn 
a  group  of  metals,  allied  in  some  cases  by  properties  in  common,  and  still 
more  closely  by  their  natural  association.  Crude  platinum,  a  native  alloy 
of  platinum,  palladium,  rhodium,  iridium,  and  a  little  iron,  occurs  in 
grains  and  rolled  masses,  sometimes  of  tolerably  large  dimensions,  mixed 
with  gravel  and  transported  materials,  on  the  slope  of  the  Ural  Mountains 
in  Russia,  also  in  Brazil,  Ceylon,  and  a  few  other  places.  It  has  never 
been  seen  in  the  rock,  which,  however,  is  judged  from  the  accompanying 
materials  to  have  been  serpentine.  It  is  stated  to  be  always  present  in 
small  quantities  with  native  silver. 

From  this  substance  platinum  is  prepared  by  the  following  process :  The 
crude  metal  is  acted  upon  as  far  as  possible  by  nitro-muriatic  acid  contain- 
ing an  excess  of  hydrochloric  acid  and  slightly  diluted  with  water,  in  order 
to  dissolve  as  small  a  quantity  of  iridium  as  possible :  to  the  deep  yellow- 
ish-red and  highly  acid  solution  thus  produced,  sal-ammoniac  is  added,  by 
which  nearly  the  whole  of  the  platinum  is  thrown  down  in  the  state  of 
ammonium  platinochloride.  This  substance,  washed  with  a  little  cold 
water,  dried,  and  heated  to  redness,  leaves  metallic  platinum  in  the  spongy 
state.  This  metal  cannot  be  fused  into  a  compact  mass  by  ordinary  fur- 
nace-heat, but  the  same  object  may  be  accomplished  by  taking  advantage 
of  its  property  of  welding,  like  iron,  at  a  high  temperature.  The  spongy 
platinum  is  made  into  a  thin  uniform  paste  with  water,  introduced  into  a 
slightly  conical  mould  of  brass,  and  subjected  to  a  graduated  pressure,  by 
which  the  water  is  squeezed  out,  and  the  mass  rendered  at  length  suffi- 
ciently solid  to  bear  handling.  It  is  then  dried,  very  carefully  heated  to 
whiteness,  and  hammered,  or  subjected  to  powerful  pressure.  If  this  ope- 
ration is  properly  conducted,  the  platinum  will  then  be  in  a  state  to  bear 
forging  into  a  bar,  which  can  afterwards  be  rolled  into  plates,  or  drawn  into 
wire  at  pleasure. 

A  method  of  refining  platinum  has  lately  been  devised  by  Deville  and 
Debray.  It  consists  in  submitting  the  crude  metal  to  the  action  of  an  in- 
tensely high  temperature  in  a  crucible  of  lime.  The  apparatus  they 
employ  is  as  follows :  The  lower  part  of  the  furnace  consists  of  a  piece  of 
lime,  hollowed  out  in  the  centre  to  the  depth  of  about  a  quarter  of  an 
inch ;  a  small  notch  is  filed  at  one  side  of  this  basin,  through  which  the 
metal  is  introduced  and  poured  out.  A  cover  made  of  another  piece  of 
lime  fits  on  the  top  of  this  basin  ;  it  is  also  hollowed  to  a  small  extent,  and 
has  a  conical  perforation  at  the  top,  into  which  is  inserted  the  nozzle  of  an 
oxy hydrogen  blowpipe.  The  whole  arrangement  is  firmly  bound  with  iron 
wire.  To  use  the  apparatus,  the  stopcock  supplying  the  hydrogen  (or  coal 
gas)  is  opened  and  the  gas  lighted  at  the  notch  in  the  crucible :  the  oxygen 
is  then  gradually  supplied  :  and  when  the  furnace  is  sufficiently  hot,  the 
metal  is  introduced  in  small  pieces  through  the  orifice.  By  this  arrange- 
ment as  much  as  50  pounds  of  platinum  and  more  may  be  fused  at  once. 
All  tho  impurities  in  the  platinum,  except  the  iridium  and  rhodium,  are 
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separated  in  this  manner:  the  gold  and  palladium  are  volatilized ;  the 
sulphur,  phosphorus,  arsenic,  and  osmium,  oxidized  and  volatilized ;  and 
the  iron  and  copper  oxidized  and  absorbed  by  the  lime  of  the  crucible. 

Platinum  is  a  little  whiter  than  iron  :  it  is  exceedingly  malleable  and 
ductile,  both  hot  and  cold,  and  is  very  infusible,  melting  only  before  the 
oxy-hydrogen  blowpipe,  or  in  the  powerful  blast  furnace  just  described. 
It  is  the  heaviest  substance  known,  its  specific  gravity  being  21.5.  Neither 
air,  moisture,  nor  the  ordinary  acids  attack  platinum  in  the  slightest  de- 
gree at  any  temperature :  hence  its  great  value  in  the  construction  of 
chemical  vessels.  It  is  dissolved  by  nitro-muriatic  acid,  and  superficially 
oxidized  by  fused  potassium  hydroxide,  which  enters  into  combination 
with  the  oxide. 

The  remarkable  property  of  the  spongy  metal  to  determine  the  union 
of  oxygen  and  hydrogen  has  been  already  noticed.  There  is  a  still  more 
curious  state  in  which  platinum  can  be  obtained — that  of  platinum-black j 
in  which  the  division  is  carried  much  further.  It  is  easily  prepared  by 
boiling  a  solution  of  platinic  chloride  to  which  an  excess  of  sodium  car- 
bonate and  a  quantity  of  sugar  have  been  added,  until  the  precipitate 
formed  after  a  little  time  becomes  perfectly  black,  and  the  supernatant 
liquid  colorless.  The  black  powder  is  collected  on  a  filter,  washed,  and 
dried  by  gentle  heat.  This  substanee  appears  to  possess  the  property  of 
condensing  gases,  more  especially  oxygen,  into  its  pores  to  a  very  great 
extent :  when  placed  in  contact  with  a  solution  of  formic  acid,  it  converts 
the  latter,  with  copious  effervescence,  into  carbonic  acid ;  alcohol,  dropped 
upon  the  platinum-black,  becomes  changed  by  oxidation  to  acetic  acid,  the 
rise  of  temperature  being  often  sufficiently  great  to  cause  inflammation. 
When  exposed  to  a  red  heat,  the  black  substance  shrinks  in  volume, 
assumes  the  appearance  of  common  spongy  platinum,  and  loses  these 
peculiar ieties,  which  are  no  doubt  the  result  of  its  excessively  comminuted 
state. 

Platinum  forms  two  series  of  compounds:  the  platinous  com- 
pounds, in  which  it  is  bivalent,  0.^.,  PtCl,,  PtO,  and  the  platinic 
compounds,  in  which  it  is  quadrivalent,  «.  ^.,  PtCl^,  PtO,,  etc. 

Chlorides. — ^The  dichUmdey  or  Matinoua  chloride^  PtCl,,  is  produced  when 
platinic  chloride,  dried  and  powdered,  is  exposed  for  some  time  to  a  heat 
of  about  2000,  whereby  half  the  chlorine  is  expelled  ;  also,  when  sulphur- 
ous acid  gas  is  passed  into  a  solution  of  the  tetrachloride  until  the  latter 
ceases  to  give  a  precipitate  with  sal-ammoniac.  It  is  a  greenish-gray  pow- 
der, insoluble  in  water,  but  dissolved  by  hydrochloric  acid.  The  latter 
solution,  mixed  with  sal-ammoniac  or  potassium  chloride,  deposits  a  double 
salt  in  fine  red  prismatic  crystals,  containing,  in  the  last  case,  2KCl.PtCl,. 
The  corresponding  sodium  compound  is  very  soluble,  and  difficult  to  crys- 
tallize. These  double  salts  are  called  platinoaochlorides  or  cfdoroplatiniies, 
Platinous  chloride  is  decomposed  by  heat  into  chlorine  and  metallic  plati- 
num. 

Platinous  chloride  unites  with  carbon  monoxide,  forming  the  three  com- 
pounds 

<C0  >C0— PtCL 

I     ,     Cl,Pt<^  I 

CO  ^^0— CO 

all  of  which  are  produced  by  heating  platinous  chloride  in  a  stream  of 
carbon  monoxide.  The  first  and  third  crystallize  in  yellow  needles,  the 
second  in  white  needles. 

Platinous  chloride  also  unites  with  phosphorus  trichloride,  forming 
phospho-platinic    chloride,    Cl,Pt:ZPCl«,  which  is  obtained  by 
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lieating  spongy  platiiinm  with  pliosphorus  pentacliloridft  to  250O.  It  crva- 
tallizes  in  maroon -colored  needles,  melting  at  17(>0.  When  heated  with 
excess  of  phosplioruH  tri(;hloride,  it  is  converted  iu  diphosphoplatinio 

chloride,  CljPt^    |        ,  which  forms  canary-yellow  crystals,  melting 

^^PCl, 
at  160O.     These  two  chlorides  are  converted  hy  water — the  latter  on  ex- 
posure to  moist  air  at  a  low  winter  temperature — into  phosphoplatinic 

^P(OH), 
and  diphosphoplatinio  acids,  ClaPt=P(OH),andCl,Pt<^  I 

^^P(OH), 
the  former  of  which  is  tribasic,  the  latter  sexbasic. 

Platinum  tetrachloride ,  or  Platinic  chloride,  PtCli,  is  always  formed  when 
platinum  is  dissolved  in  uitro-muriatic  acid.  The  acid  solution  yields,  on 
evaporation  to  dryness,  a  red  or  brown  residue,  deliquescent,  and  very 
soluble  both  in  water  and  in  alcohol ;  the  aqueous  solution  has  a  pure 
orange-yellow  tint.  Platinic  chloride  unites  with  a  great  variety  of  me- 
tallic chlorides,  forming  double  salts  called  platino-chlorides  or  chhro-phti- 
nates;  the  most  important  of  these  compounds  are  those  containing  the 
metals  of  the  alkalies  and  ammonium.  Phtassium  piatitiochioride,  2Ki^\.PtVA^f 
forms  a  bright  yellow  crystalline  precipitate,  being  produced  whenever 
solution  of  the  chlorides  of  platinum  and  of  potassium  are  mixed,  or  a 
potassium  salt  mixed  with  a  little  hydrochloric  acid  is  added  to  platinum 
tetrachloride.  It  is  feebly  soluble  in  water,  still  less  soluble  in  dilute 
alcohol,  and  is  decomposed  with  some  difficulty  by  heat.  It  is  easily  reduced 
by  hydrogen  at  a  high  temperature,  yielding  a  mixture  of  potassium  chlo- 
ride and  platinum-black  :  the  latter  substance  may  thus,  indeed,  be  very 
easily  prepared.  The  sodium  mlt,  2NaCl.PtCl4,6HjO,  is  very  soluble,  crys- 
tallizing in  large,  transparent,  yellow-red  pi  isms  of  great  beauty.  The 
ammonium  salt,  2NH4Cl.PtCl4,  is  undistinguishable,  in  physical  characters, 
from  the  potassium-salt :  it  is  thrown  down  as  a  precipitate  of  small, 
transparent,  yellow,  octohedral  crystals  when  sal-ammoniac  is  mixed  with 
platinic  chloride ;  it  is  but  feebly  soluble  in  water,  still  li>ss  so  in  dilute 
alcohol,  and  is  decomposed  by  heat,  yielding  spongy  platinum,  while  sal- 
anmioniac,  hydrochloric  acid,  and  nitrogen  are  driven  off.  Platinic  chlo- 
ride also  forms  crystallizable  double  salts  with  the  hydrochlorides  of  many 
organic  bases  ;  with  ethylamine,  for  example,  the  compound,  2[NH2(C2U5). 
HCl],PtCl,. 

The  bromides  and  iodideJi  of  platinum  are  analogous  in  composition  to  the 
chlorides,  and  likewise  form  double  salts  with  alkaline  bromides  and  iodides. 

Osddeft. — ^The  monoxide^  or  Pfatinous  oxide,  PtO,  is  obtained  by  digesting 
the  diohloride  with  caustic  potash,  as  a  black  powder,  soluble  in  excess  of 
alkali.  It  dissolves  also  in  acids  with  brown  color,  and  the  solutions  are 
not  precipitated  by  sal-ammoniac.  When  platinum  dioxide  is  heated  with 
solution  of  oxalic  acid,  it  is  reduced  to  monoxide,  which  remains  dissolved. 
The  liquid  has  a  dark-blue  color,  and  deposite  fine  copper-red  needles  of 
platinous  oxalate. 

The  dioxide,  or  Platinic  oxide,  PtO,,  is  best  prepared  by  adding  barium 
nitrate  to  a  solution  of  platinio  sulphate ;  barium  sulphate  and  platinic 
nitrate  are  then  produced,  and  from  the  latter  caustic  soda  precipitates 
one-half  of  the  platinum  as  platinic  hydrate.  The  sulphate  is  itself  obtained 
by  acting  with  strong  nitric  acid  upon  platinum  bisulphide,  which  falls  as 
a  black  powder  when  a  solution  of  the  tetrachloride  is  dropped  into  potas- 
sium sulphide.  Platinic  hydrate  is  a  bulky  brown  powder,  which,  when 
gently  heated,  becomes  black  and  anhydrous.    It  may  also  be  formed  by 
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"boiling  platinic  chloride  with  great  excess  of  caustic  soda, and  then  adding 
acetic  acid.  It  dissolves  in  acids,  and  combines  with  bases  :  the  salts  have 
a  yellow  or  red  tint,  and  a  great  disposition  to  unite  with  salts  of  the  alka- 
lies and  alkaline  earths,  giving  rise  to  a  series  of  double  compounds,  which 
are  not  precipitated  hy  excess  of  alkali.  A  combination  of  platinic  oxido 
with  ammonia  exists,  which  is  explosive.  Both  oxides  of  platinum  are 
reduced  to  the  metallic  state  hy  ignition. 

Bulphldes. — The  compounds,  PtS  and  PtS,,  are  produced  by  the  action 
of  hydrogen  sulphide,  or  the  hydrosulphide  of  an  alkali-metal,  on  the 
dichloride  and  tetrachloride  of  platinum  respectively  ;  they  are  both  black 
substances,  insoluble  in  water.  Platinic  sulphide  heated  in  a  close  vessel 
gives  off  half  its  sulphur,  and  is  reduced  to  platinous  sulphide.  It  dis- 
solves in  alkaline  hydrates,  carbonates,  and  sulphides,  forming  salts  called 
sulphoplatituUeSt  which  are  decomposed  by  acids. 

Am7noniacal  Platinum  Compound s.'-^The  chlorides,  oxides,  sul- 
phates, etc.,  of  platinum  are  capable  of  taking  up  two  or  more  molecules 
of  ammonia,  and  forming  compounds  analogous  in  many  respects  to  the 
ammoniacal  mercury  compounds  already  described. 

The  nitrogen  iu  all  these  compounds  is  quinquivalent,  and  consequently 
the  groups  ammonia,  NII3,  and  diammonia,  NjUoOr  NU, — ^NU,  or  NUjCNII^), 
are  bivalent,  having  two  free  combining  units. 

The  platinum  in  some  of  these  compounds  is  bivalent  (jplato  or  platoso), 
and  unites  by  two  of  its  combining  units  with  the  bivalent  groups  NH,  or 
N^H^,  each  of  which  retains  one  combining  unite  free.  In  others  the 
platinum  is  quadrivalent  (platino),  and  unites  by  some  of  its  combining 
nnits  with  ammonia  or  diammonia,  the  remaining  units  being  satisfied  by 
combination  with  electro-negative  radicles.  In  others,  again,  the  platinum 
accumulates  in  such  a  manner  as  to  form  compounds  containing  (Pt,)'', 

(Pti»— Pt»')^,  (Pt«^— Pt'^— Pt"^— Pt»0',  etc.  The  bivalent  groups  NII3, 
NjHj,  always  go  by  pairs,  excepting  in  the  semi-diammoniums,  in  which 
half  or  a  quarter  of  the  combining  units  of  the  platinum  is  satisfied  by 
once  NjUq. 

The  names  and  constitution  of  the  several  groups  are  given  in  the  fol- 
lowing table,  the  symbol  R  denoting  a  univalent  chlorous  radicle  such  aa 
CI,  NO5,,  etc. 

1.  Platosammonium  compounds,  ^^'^NH^R 

3 

2.  Platosemidiammonium  compounds,  ^*^R 

3.  •'Flatomonodiammonium  compounds,  ^*^Nh'r     *         * 

4.  Platosodiammonium  compounds,  ^^^NHrNHm 

5.  Flatinammonium  compounds,  ^^*^NH  R 

6.  Platinosemidiammonium  compounds,  R,Pt<;?^«^^^'^^ 

7.  Platinomonodiammonium  compounds,  RaP*<CNH  R 
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8.  Platmodiammonium  compounds,  ^^^^v^NH^rNH^^R 


NH,(NHJR 


»p<Sh:r 


9.  Diplatinammonium  compounds,  |       ^^^  -^ 


10.  DiplatoBodiammonium  compounds, 


11.  Diplatinodiammonium  compounds, 


8' 

P1>— NH,(NH4)R 

I 
Ptr-NH,(NHJR 

R,Pt— NH,(NH4)R 

R,Pt— NH,(NHJR 

j.p^NH,(NH,)R 


NH  CNH  )R 
*<^NH^(NH*)R. 

We  shall  here  describe  the  most  characteristic  compounds  of  each  group, 
referring  for  more  complete  description  to  larger  works.* 

1.  Plato  sammonium,  Compounds. — These  compounds  are  formed  by 
Abstraction  of  the  elements  of  ammonia,  NH3,  from  the  corresponding 
platoBodiammonium  compounds.  They  are,  for  the  most  part,  insoluble 
in  water,  but  dissolve  in  ammonia,  reproducing  the  platosodiammonium 
compounds.     They  detonate  when  heated. 

The  chloride^  Pt<^^H*ci  '  °'  N^H^PtClj,  is  formed  by  heating  platosodi- 
ammonium chloride  to  220O-270O,  or  by  heating  the  same  salt  with  hydro- 
chloric acid,  or  by  boiling  the  green  salt  of  Magnus  (p.  444)  with  nitrate 
or  sulphate  of  ammonium,  and  is  deposited  as  a  yellow  crystalline  powder, 
or  in  rhombohedral  scales.  It  dissolves  in  4472  parts  of  water  at  (P,  and 
in  130  parts  of  boiling  water.  At270O  it  decomposes  in  the  manner  repre- 
sented by  the  equation, 

3NjH,Ptaj  =  3Pt  +  4NII,C1  -f  2HC1  +  Nj. 

Silver  nitrate  added  to  its  solution  throws  down  all  the  chlorine.  This 
salt  is  isomeric  with  the  green  salt  of  Magnus,  with  the  yellow  chloride  of 
platosomldiammonium,  and  with  the  chloroplatinite  of  platosomonodi- 
ammonlum. 

The  corresponding  iodide,  NjH^Ptlj,  is  a  yellow  powder,  obtained  by 
heating  the  aqueous  solution  of  the  compound,  N^H^Ptlj.  It  dissolves  in 
ammonia,  reproducing  the  latter  compound.  The  oxide,  N^H^PtO,  obtained 
by  heating  platosodiammonium  oxide  (p.  444)  to  llOO,  is  a  grayish  mass, 
which,  when  heated  to  lOOO  in  a  close  vessel,  gives  off  water,  ammonia, 
and  nitrogen,  and  leaves  metallic  platinum.  The  hydroxide,  N,HgPt.(HO)j, 
obtained  by  decomposing  the  sulphate  with  baryta-water,  is  a  strong  base, 
soluble  in  water,  having  an  alkaline  reaction,  absorbing  carbonic  acid 
from  the  air,  and  liberating  ammonia  from  its  salts  (Odling).  The  sulphate 
NjHcPtSO^.HjO,  and  the  nitrate,  Njn«l»t(N0s)2,  are  obtained  by  boiling  the 
iodide  with  sulphate  and  nitrate  of  silver :  they  are  crystalline,  and  have 

*  See  Watts's  Dictionary  of  Chemistry,  iv.  673,  and  ad  Suppl.  992. 
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a  strong  acid  reaction.  The  sulphate  retains  a  molecule  of  crystalliza- 
tion water,  which  cannot  be  removed  without  decomposing  the  salt. 

2.  Platososemidiammonium  Compounds, — ^Theso  compounds,  iso- 
meric with  the  preceding,  are  formed  by  direct  addition  of  ammonia  to 

platinous  salts.  The  chloride^  Pt<^p?  •  ,  is  obtained  by  adding  ammo- 
nia to  a  cold  solution  of  platinous  chloride  in  hydrochloric  acid,  filtering 
after  24  hours,  and  treating  the  yellowish -green  residue  with  boiling 
water,  which  dissolves  the  platosemidiammonium  salt,  and  leaves  the 
green  salt  of  Magnus  formed  at  the  same  time.  The  solution,  on  cooling, 
deposits  the  platososemidiammonium  chloride  in  small  prisms,  differing  in 
form  from  the  chloride  above  described,  and  much  more  soluble  in  water, 
requiring  for  solution  387  parts  of  cold,  and  26  parts  of  boiling  water. 
The  other  salts  of  this  base  are  obtained  by  decomposing  the  chloride  with 
the  corresponding  silver  salts.  The  bromide  and  iodide  crystallize  in  yellow 
needles  ;  the  nitrite  in  silky  needles,  which  detonate  when  heated ;  the 
nitrate  and  sulpluUe  form  yellowish  crystalline  crusts. 

N  H  R 

3.  Plaiosomonodiammonitim    Compoundt,  Pt^^?.  1    . — ^ThecA/o- 

roplatinite  of  this  series,  2NjH,PtClj.PtClj,  formed  in  small  quantity  on 
adding  ammonia  to  a  solution  of  platinous  chloride,  crystallizes  in  brown 
square  laminsB,  slightly  soluble  in  cold,  more  soluble  in  boiling  water. 
Treated  with  silver  nitrate  it  is  converted  into  platosomonodiammunium 
nitrate,  and  this,  when  heated  with  hydrochloric  acid,  yields  the  corre- 
sjionding  chLoridey  NjHgPtClj,  which  is  very  soluble,  and  crystallizes  in 
colorless  needles,  or  nacreous  scales. 

4.  Platosodiammonium   Compounds,  I't^M'u^p    • — The   chloride^ 

NiH^PtClj,  one  of  the  earliest  discovered  of  the  ammoniacal  platinum 
compounds,  is  obtained  by  the  action  of  ammonia  on  the  green  salt  of 
Magnus,  or  on  the  chloride  of  platosammonium.  When  platinous  chloride 
is  boiled  with  excess  of  ammonia,  till  the  green  precipitate  formed  in  the 
first  instance  is  redissolved,  a  solution  is  obtained,  which,  when  filtered 
and  evaporated,  yic^lds  the  chloride  of  platosodiammonium  in  splendid 
yellow  crystals  containing  one  molecule  of  water,  which  they  give  oflf  at 
1U)0.  It  is  soluble  in  water,  and  its  solution  mixed  with  platinous  chloride 
yields  platosodiammonium  chloroplatinite,  N^HjjPtClj.PtClg,  isomeric  with  pla- 
tosammonium chloride,  and  constituting  the  green  salt  of  Magnus,  the  first 
discovered  of  the  ammonia-platinum  compounds.  This  last  salt  may  also 
be  prepared  by  passing  sulphurous  acid  gas  into  a  boiling  solution  of  pla- 
tinic  chloride,  till  it  is  completely  converted  into  platinous  chloride  (and 
is  therefore  no  longer  precipitated  by  sal-ammoniac),  and  neutralizing  the 
solution  with  ammonia.  It  forms  dark-green  needles,  insoluble  in  water, 
alcohol,  and  hydrochloric  acid. 

The  bromide  and  iodide  of  this  series  are  obtained  by  treating  the  solution 
of  the  sulphate  with  bromide  or  iodide  of  barium:  they  crystallize  in 
cubes.  The  oxide,  N^HjjPtO,  is  obtained  as  a  crystalline  mass  by  decom- 
posing the  solution  of  the  sulphate  with  an  equivalent  quantity  of  baryta- 
water,  and  evaporating  the  filtrate  in  a  vacuum.  It  is  strongly  alkaline 
and  caustic,  like  potash,  absorlis  carbonic  acid  rapidly  from  the  air,  and 
precipitates  silver  oxide  from  the  solution  of  the  nitrate.  It  is  a  strong 
base,  neutralizing  acids  completely,  and  expelling  ammonia  from  its  salts. 
It  melts  at  11(P,  giving  off  water  and  ammonia,  and  leaving  platof«ammo- 
niuni  oxide.  Its  aqueous  solution  does  not  give  off  ammonia,  even  when 
boiled.     The  oxide  absorbs  carbon  dioxide  rapidly  from  the  air,  forming 
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first  a  neutral  carbonate,  N4H,2PtC03.H20,  and  afterwards  an  acid  salt, 
N^HjjPtCOj.UjCO,.  Thesulphate,  N^H.^PtSO^,  and  ihenitrate,  N^H^PtCNOj),, 
are  obtained  by  decomposing  the  chloride  with  silver  sulphate  or  nitrate ; 
they  are  neutral,  and  crystallize  easily. 

NTT  f  1 

5.  Plat inammontum    Compounds, — ^The  chloride,  ClgPt^C^^u*^,,,  is 

3 

obtained  by  the  action  of  chlorine  on  platosammonium  chloride  suspended 
in  boiling  water.  It  is  a  lemon-yellow  crystalline  powder,  made  up  of 
quadratic  octohedrons  with  truncated  summits.  It  is  insoluble  in  cold 
water,  very  slightly  soluble  in  boiling  water,  or  in  water  containing  hy- 
drochloric acid.  It  dissolves  in  ammonia  at  a  boiling  heat,  and  the  solu- 
tion, on  oooling,  deposits  a  yellow  precipitate,  consisting  of  platinodiam- 
monium  chloride.    It  dissolves  in  boiling  potash  without  evolving  ammonia. 

yitrates. — An  oxynitrate^  N,HgPt(N03)20,  is  obtained  by  boiling  the  chlo- 
ride, N^H^PtClf,  for  several  hours  with  a  dilute  solution  of  silver  nitrate. 
It  is  a  yellow  crystalline  powder,  sparingly  soluble  in  cold,  more  soluble 
in  boiling  water.  The  normal  nitrate,  NjHjPtCNOj)^,  is  obtained  by  dis- 
solving the  oxynitrate  in  nitric  acid :  it  is  yellowish,  insoluble  in  cold 
water,  soluble  in  hot  nitric  acid. 

The  oxide,  NgH^PtO,,  is  obtained  by  abiding  ammonia  to  a  boiling  solution 
of  platinammonium  nitrate  ;  it  is  then  precipitated  in  the  form  of  a  heavy, 
yellowish,  crystalline  powder,  composed  of  small  shining  rhomboidal 
prisms ;  it  is  nearly  insoluble  in  boiling  water,  and  resists  the  action  of 
boiling  potash.  Heated  in  a  cloae  vessel,  it  gives  off  water  and  ammonia, 
and  leaves  metallic  platinum.  It  dissolves  readily  in  dilute  acids,  even 
in  acetic  acid,  and  forms  a  large  number  of  crystal lizable  salts,  both  neutral 
and  acid,  having  a  yellow  color,  and  sparingly  soluble  in  water.  Another 
compound  of  platinic  oxide  with  ammonia,  called  fulminating  platinum, 
whose  composition  has  not  been  exactly  ascertained,  is  produced  by  decom- 
posing ammonium  platino-chloride  with  aqueous  potash.  It  is  a  straw- 
colored  powder,  which  detonates  slightly  when  suddenly  heated,  but 
strongly  when  exposed  to  a  gradually  increasing  heat. 

6.  Platinosemidiammonium  Compounds. — Isomeric  with  the  pre- 
ceding.     The   chloride,  CljPt<[^!j«"«^^  ,  formed  by  the  action  of  chlorine 

on  platosoaemidiammonium  chloride,  crystallizes  in  yellow  six-sided  plates 
belonfi:iu£:  to  the  rhombic  system,  turning  green  at  lOOO,  and  dissolving  in 

^N  H„     NO 
potash  without  evolution  of  ammonia.  A  basic  nitrate,  (OIl),Pt<^^|j  *  *, 

is  obtained  as  an  amorphous  yellow  precipitate  by  treating  the  chloride 

with  silver  nitrate.     A  chloronitrate,  Cl,Pt<JJ»"«'^  ^*,   obtained   by  the 

action  of  chlorine  on  platososemidiammonium  nitrate,  crystallizes  in  small 
yellow  ne^les. 

7.  Platinomonodiammonium    Compounds. ~-'The  chloride, 
Cl,Pt<^^j|^«!j^,  formed  by  the  action  of  nitro-muriatic  acid  on  platosomo- 
nodiammonium  chloride,  crystallizes  in  rhombic  or  hexagonal  plates.    A  bro- 
monitrate,  ^^^^^^^^r^Q^+^iO,  obtained  by  adding   bromine  to  the 
nitrate  of  platosomonodiammonium,  forms  yellow  soluble  crusts. 

8.  Platinodiammonium    Compounds.  —  The   chloride, 

jj  H  CI 
PtCl,^j^*„«^,,  is  obtained  by  passing  chlorine  gas  into  a  solution  of  pla- 

38*    * 
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tosodianimonium  chloride  ;  by  dissolving  platinammoniam  chloride  in  am- 
monia, and  expelling  the  excess  of  ammonia  by  evaporation  ;  or  by  precipi- 
tating a  solution  of  platinodiammonium  oxynitrate,  or  nitrato-cbloride, 
with  hydrochloric  acid.  It  is  white,  and  dissolves  in  small  quantity  in 
boiling  water,  from  which  solution  it  is  deposited  in  the  form  of  transparent 
regular  octohedrons,  having  a  faint  yellow  tint.  When  a  splution  of  this 
salt  is  treated  with  silver  nitrate,  one-half  of  the  chlorine  is  very  easily 
precipitated,  but  to  remove  even  a  small  portion  of  the  remainder  re- 
quires   a  long-continued    action    of    the  silver-salt.     The   chlorobromidef 

^5^Pt<^^^,j®.,p  is  obtained  as  a  yellow  precipitate  by  treating  platino- 
diammonium chloride  with  bromine.  A  basic  nitrate^  NoJ^^*'^N*H*'no*» 

is  obtained  by  the  action  of  nitric  acid  on  platosodiammonium  nitrate,  as 
a  white  crystalline  powder,  converted  by  ammonia  into  the  salt  (liO)2Pt 

(NaHg.NOj),.  -The  sulpfuiioddoride,  CljPt<;^«yp>S04,  formed  by  the  ac- 
tion of  sulphuric  acid  on  the  chloride,  crystallizes  in  slender  transparent 
needles.  An  oxalochloride,  C\JPt(ti2^^9)fi'fiv  obtained  by  treating  the 
chloride  with  anunouium  oxalate,  is  a  very  soluble  crystalline  powder. 

IPtCNHjI), 

9.  Diplatinammonium  Iodide^      \  , or  Ij(Pt,)^(NHjI)4,  the 

IPt(NH,I), 
only  term  of  this  series  at  present  known,  is  obtained  by  treating  platos- 
ammonium  iodide  with  boiling  potash,  and  the  resulting  yellow  powder 
with  hydriodic  acid.  It  is  a  black  amorphous  substance,  which  when 
again  treated  with  potash  and  hydriodic  acid  yields  the  compound  I^CPti)'' 
(NIIjI)^,  and  this  by  similar  treatment  may  be  converted  into  the  still 
more  condensed  compound  l2(Pty)"'*"(NIl3l),5. 

10.  Diplatosodiammonium    Compounds*  —  The    hydrortdef 
Pt— NjH^P-l-OH 

I  ,  formed  by  the  action  of  caustic  soda  on  the  chloride  of 

Pt— NjHg— on 

platososemidiamraonium,  is  a  grayish  crystalline  insoluble  powder,  which 
detonates  violently  when  heated.  Treated  with  hydrochloric  acid,  it 
yields  a  yellow  powder,  which  is  converted  by  boiling  water  into  the  ddo- 
ride,  PtjCNgllgCl)^. 

CljPt— NHj— NH, 

11.  Diplatinodiammonium    Chloride,      \  ,  is  a  yel- 

Cl,Pt— NH,— NH, 
low  amorphous  powder  formed  by  the  action  of  nitro-muriatic  acid  on  the 
hydrate  of  the  preceding  series. 

RPt(NgHjR)j 

12.  Diplatino-tetradiammonium    Compounds,     \  ,   or, 

RPt(N,H-R), 

^Pt(N,H..NO,), 
N8H24PtjR,.     An  oxjpiitrate,     0<^   \  ,  or  NgH,4Pt5(N03)  .0,  is 

^Pt(N,n,.N03), 
produced  by  boiling  platosodiammonium  nitrate  with  nitric  acid.  It  is  a 
colorless,  crystalline,  detonating  salt,  slightly  soluble  in  cold  water,  more 
solubU)  in  boiling  water,  insoluble  in  nitric  acid  (Gerhardt).  A  niirat- 
oxyddoride,  '^^fH^^i^ff^O^fiQXj,  discovered  by  Raewsky,  is  formed  when 
Magnus's  green  salt  is  boiled  with  a  large  excess  of  nitric  acid.  Red  fumes 
are  then  evolved,  and  the  resulting  solution  deposits  the  nitratoxy chloride 
in  small  brilliant  needles,  which  deflagrate  w^hen  heated,  giving  off  water 
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and  sal-ammoniac,  and  leaving  metallic  platinum.  The  nitric  acid  in  this 
salt  may  bo  replaced  by  an  equivalent  quantity  of  carbonic  or  oxalic  acid, 
yielding  the  compounds,  N8H24Pt2(C03)20Cl2,  and  ^sH^^Pt2(Cfi^\OC\2, 
both  of  which  are  crystallizable,  and  sparingly  soluble.  A  basic  oxalo- 
nitrate,  NgHa^PtjCCjOJaCNOs)^,  insoluble  in  water,  is  obtained  by  adding 
ammonium  oxalate  to  the  oxynitrate. 

Reactions  of  Platinum  Salts. — Platinic  chloride,  or  a  platinic  oxygen- 
salt,  may  be  recognized  in  solution  by  the  yellow  precipitate  which  it 
forms  with  sal-ammoniac j  deoomposible  by  heat,  with  production  of  spongy 
metal. 

Hydrogen  sulphide  and  ammonium  sulphide  gradually  form  a  brown  precipi- 
tate of  platinic  sulphide,  soluble  in  excess  of  ammonium  sulphide.  Zinc 
precipitates  metallic  platinum. 

Platinic  chloride  and  sodium  platinochloride  are  employed  in  analyti- 
cal investigations  to  detect  the  presence  of  potassium  and  separate  it  from 
sodium.  For  the  latter  purpose,  the  alkaline  salts  are  converted  into 
chlorides,  and  in  this  state  mixed  with  four  times  their  weight  of  sodium 
platinochloride  in  crystals,  the  whole  being  dissolved  in  a  little  water. 
When  the  formation  of  the  yellow  salt  appears  complete,  alcohol  is  added, 
and  the  precipitate  collected  on  a  weighed  lilter,  washed  with  weak  spirit, 
carefully  dried,  and  weighed.  The  potassium  chloride  is  then  easily 
reckontnl  from  the  weight  of  the  double  salt ;  and  this,  subtracted  from 
the  weight  of  the  mixed  chlorides  emi)loyed,  gives  that  of  the  sodium 
chloride  by  difference  ;  100  parts  of  potassium  platinochloride  correspond 
with  30.51  parts  of  potassium  cliloride. 


Capsules  and  crucibles  of  platinum  are  of  great  value  to  the  chemist : 
the  latter  are  constantly  used  in  mineral  analysis  for  fusing  siliceous 
matter  with  alkaline  carbonates.  They  suffer  no  injury  in  this  operation, 
although  caustic  alkali  roughens  and  corrodes  the  metal.  Tlie  experi- 
menter must  be  particularly  careful  to  avoid  introducing  any  oxide  of  an 
easily  fusible  metal,  as  that  of  lead  or  tin,  into  a  platinum  crucible.  If 
redaction  should  by  any  means  occur,  these  metals  will  at  once  alloy 
themselves  with  the  platinum,  and  the  vessel  will  be  destroyed.  A  pla- 
tinum crucible  must  never  be  put  naked  into  a  coke  or  charcoal  fire,  but 
always  placed  within  a  covered  earthen  crucible. 


PALLADIUM. 

Atomic  weight,  10J.5.    Symbol,  Pd. 

When  the  solution  of  crude  platinum,  from  which  the  greater  part  of 
that  metal  has  been  precipitated  by  sal-ammoniac,  is  neutralized  by  so- 
dium carbonate,  and  mixed  with  a  solution  of  mercuric  cyanide,  palla- 
dium cyanide  separates  as  a  whitish  insoluble  substance,  which,  on  being 
washed,  dried,  and  heated  to  redness,  yields  metallic  palladium  in  a 
spongy  state.  The  palladium  may  then  be  welded  into  a  mass,  in  tlie 
same  manner  as  platinum. 

Palladium  closely  corresponds  with  platinum  in  color  and  appearance  ; 
it  is  also  very  malleable  and  ductile.  Its  density  differs  very  much  from 
that  of  platinum,  being  only  11.8.  Palladium  is  more  oxidable  than  pla- 
tinum.    When  heated  to  redness  in  the  air,  especially  in  the  state  of 
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sponge,  it^  acquires  a  blue  or  purple  superficial  film  of  oxide,  which  is 
again  reduced  at  a  white  heat.  This  metal  is  slowly  attacked  by  nitric 
acid ;  its  best  solvent  is  nitro-muriatic  acid. 

Palladium,  like  platinum,  forms  two  classes  of  compounds  ;  namely,  the 
palladious  compounds,  in  which  it  is  bivalent,  and  the  palladic 
compounds,  in  which  it  is  quadrivalent. 

Chlorides. — ^The  dichloride,  or  Pudladious  chloride,  PdClj,  is  obtained  by 
dissolving  the  metal  in  nitro-muriatic  acid,  and  evaporating  the  solution 
to  dryness.  It  is  a  dark-brown  mass,  which  dissolves  in  water  if  the  heat 
has  not  been  too  great,  and  forms  double  salts  with  many  metallic  chlo- 
rides. The  palladio-chlorides  of  ammonium  and  potassium  are  much  more 
soluble  than  the  corresponding  platiuochlorides :  they  have  a  brownish- 
yellow  tint. 

The  teiraddoride^  or  Ihlladic  chloride^  PdCl4,  exists  only  in  solution  and 
in  combination  with  the  alkaline  chlorides.  It  is  formed  when  the  dichlo- 
ride  is  digested  in  nitro-muriatic  acid.  The  solution  has  an  intense  brown 
color,  and  is  decomposed  by  evaporation.  Mixed  with  potassium  chloride, 
or  with  sal-ammoniac,  it  gives  rise  to  a  red  crystalline  precipitate,  which 
u  but  little  soluble  in  water. 

Palladlons  Iodide,  Pdl,,  is  precipitated  from  the  chloride  or  nitrate  by 
soluble  iodides,  as  a  black  mass,  which  gives  otf  its  iodine  between  3(HP 
and  36CP.  Palladium-salts  are  employed  for  the  quantitative  estimation 
of  iodine,  chlorine  and  bromine  not  being  precipitated  by  them. 

Oxides. — ^The  monoxidej  or  Palladious  oxide,  PdO,  is  obtained  by  evapo- 
rating to  dryness,  and  cautiously  heating  tlie  solution  of  palladium  in 
nitric  acid.  It  is  black,  and  but  little  soluble  in  acids  The  hvdrate  falls 
as  a  dark-brown  precipitate  when  sodium  carbonate  is  vUided  to  the  above 
solution.     It  is  decomposed  by  a  strong  heat. 

The  dioxide,  or  Palladic  oxide,  PdOj,  is  not  known  in  the  separate  state. 
From  a  solution  of  palladic  chloride,  alkalies  and  alkaline  carbonates  throw 
down  a  brown  precipitate,  consisting  of  hydrated  palladic  oxide  combined 
with  the  alkali.  This  compound  gives  off  half  its  oxygen  at  a  moderate 
heat,  and  the  whole  at  a  higher  temperature.  From  hot  solutions  a  black 
precipitate  is  obtained,  containing  the  anhydrous  dioxide.  The  hydrate 
dissolves  slowly  in  acids,  forming  yellow  solutions.  In  strong  hydrochlo- 
ric acid  it  dissolves  without  decomposition,  forming  jx)tassio-pai/adic  cJdoride, 
arising  from  admixed  potash  ;  with  dilute  hydrochloric  acid,  on  the  con- 
trary, it  gives  off  chlorine. 

Pallidioiis  Sulphide,  PdS,  is  formed  by  fusing  the  metal  with  sul- 
phur, or  by  precipitating  a  solution  of  a  palladious  salt  with  hydrogen 
sulphide.     It  is  insoluble  in  ammonium  sulphide. 

Ammoniacal  Palladium  Compounds. — A  moderately  concentrated 
solution  of  palladium  dichloride,  treated  with  a  slight  excess  of  ammonia, 
yields  a  beautiful  flesh-colored  or  rose-colored  precipitate,  consisting  of 
N^H^Pd^'Cl,.  This  precipitate  dissolves  in  a  large  excess  of  ammonia ;  and 
the  ammoniacal  solution,  when  treated  with  acids,  yields  a  yellow  precipi- 
tate having  the  same  composition.  This  yellow  modification  is  likewise 
obtained  by  heating  the  rtni  compound  in  the  moist  state  to  lOOO,  or  in  the 
dry  state  to  200O.  The  yellow  compound  dissolves  abundantly  in  aqueous 
potash,  forming  a  yellow  solution,  but  without  giving  off  ammonia,  even 
when  the  liquid  is  heated  to  the  boiling  point ;  the  red  compound  behaves 
in  a  similar  manner,  but,  before  dissolving,  is  converted  into  the  yellow 
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modification.  These  compounds,  discovered  by  Hugo  MQller,*  are  analo- 
gous in  their  modes  of  formation,  and  probably  therefore  in  constitution, 
to  the  two  modifications  of  the  platinum  compound,  Njlie^tClj  (p.  444) ; 

the  red  compound  being  pcdladiosenddiammonium  chloride^  Pd<^p.  ^^       *'     , 

NH  CI 
and  the  yellow  compound,  palladanunonium  chloride,  ^^^^u^ny     The  yel- 

3 

low  compound,  digested  with  water  and  silver  oxide,  yields  palladammonium 
oxide,  NjHgPdO,  which  is  a  strong  base,  soluble  in  water,  having  an  alka- 
line taste  and  reaction,  and  absorbing  carbonic  acid  from  the  air.  Fdllad- 
ammonium  sulphite,  N^HQPd.SO,,  is  formed  by  the  action  of  sulphurous  acid 
on  the  oxide  or  chloride  ;  it  crystallizes  in  orange-yellow  octohedrons  The 
sulphate,  cfdoride,  iodide,  and  bromide  have  likewise  been  formed. 

The  com/wunrf ^NH^.PdClj,  palladiodiammonium  chloride,  Pd[NH,(NH4)Cl]2, 
separates  from  an  ammoniacal  solution  of  palladammonium  chloride  in  ob- 
lique rhombic  prisms. 

The  oxide,  N^HjjPdO,  obtained  by  decomposing  the  solntion  of  this  chlo- 
ride with  silver  oxide,  is  also  a  strong  base  yielding  crystallizable  salts. 


Palladious  salts  are  well  marked  by  the  pale  yellowish- white  precipitate 
which  they  form  with  solution  of  mercuric  cyanide.  It  consists  of  palla- 
dious cyanide,  PdCy^,  and  is  converted  by  heat  into  the  spongy  metal. 

Hifdriodic  acid  and  potassium  iodide  throw  down  a  black  precipitate  of 
palladium  iodide,  visible  even  to  the  500,000th  degree  of  dilution. 


Palladium  is  readily  alloyed  with  other  metals,  as  copper ;  one  of  these 
compounds — namely,  the  alltjy  with  silver — has  been  applied  to  iiseful 
purposes.  An  amalgam  of  palladium  is  now  extensively  used  by  dentists 
for  stopping  teeth. 

A  native  alloy  of  gold  with  palladium  is  found  in  Brazil. 


RHODIUM. 

Atomic  weight,  104.4.    Symbol,  Hh. 


Thb  solution  from  which  platinum  and  palladium  have  been  separated, 
in  the  manner  already  described,  is  mixed  w^ith  hydrochloric  acid,  and 
evaporated  to  dryness.  The  residue  is  treated  with  alcohol,  of  specific 
gravity  0.837,  which  dissolves  everything  except  the  double  chloride  of 
rhodium  and  sodium.  This  is  well  washed  with  spirit,  dried,  heateil  to 
whiteness,  and  then  boiled  with  water,  whereby  sodium  chloride  is  dis- 
solved out,  and  metallic  rhodium  remains.  Thus  obtained,  rhodium  is  a 
white,  coherent,  spongy  mass,  still  less  fusible  and  less  capable  of  being 
welded  than  platinum.     Its  specific  gravity  varies  from  10.6  to  11. 

Rhodium  is  very  brittle :  reduced  to  powder  and  heated  in  the  air,  it 
becomes  oxidized,  and  the  same  alteration  happens  to  a  greater  extent 
when  it  is  fused  with  nitrate  or  bisulphate  of  potassium.  None  of  tlie 
acids,  singly  or  conjoined,  dissolve  this  metal,  unless  it  be  in  the  state  of 
alloy,  as  with  platinum,  in  which  state  it  is  attacked  by  nitro-muriatic  acid. 

Rhodium  forms  but  one  chloride,  containing  RhClj,  in  which,  like  iron 
in  ferric  chloride,  it  may  be  regarded  as  either  tri-  or  quadrivalent. 

•  Ann.  Oh.  Pharm.  IxxxvL  341. 

38* 
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Tliis  chloride  is  prepared  by  adding  silicofluoric  acid  to  the  double  chlo- 
ride of  rhodium  and  iK)taiJdium,  evaporating  tlie  filtered  solution  to  dry- 
ness, and  dissolving  the  residue  in  water.  It  forms  a  bro^uish-red  deli- 
quescent mass,  soluble  in  water,  with  a  fine  red  color.  It  is  decomposed 
by  heat  into  chlorine  and  metallic  rhodium. 

FUiodium  and  Ihtassium  Chlorides.-~lLhi3  salt,  RhClj-SKCLSHgO,  formed  by 
mixing  a  solution  of  rhodic  oxide  in  hydrochloric  acid  with  a  strong  solu- 
tion of  potassium  chloride,  crystallizes  in  sparingly  soluble  efflorescent 
prisms.  Another  double  salt,  containing  RhCl3.2KCl.HfO,  is  prepared  by 
heating  in  a  stream  of  chlorine  a  mixture  of  equal  parts  of  finely  powdered 
metallic  rhodium  and  potassium  chloride.  The  salt  has  a  fine  red  color, 
is  soluble  in  water,  and  crystallizes  in  four-sided  prisms.  Rhodium  and 
sodium  cidoridef  RhCl3.3NaC1.12H.p,  is  also  a  very  beautiful  red  salt,  pre« 
pared  like  the  last.  The  aitunonium  salt,  Rh2Cle.6NH4C1.3H.^O,  obtained  by 
decomposing  the  sodium  salt  with  sal-ammoniac,  crystallizes  in  fine  rhom- 
bohedral  prisms. 

Rhodium  Oxides. — Rhodium  forms  four  oxides,  containing  RhO, 
Rh.Pj,  RhOj,  aud  RliOj. 

The  monoxide,  RhO,  is  formed  with  incandescence,  when  the  hydrat<id 
sesquioxide,  Rh^Oj.SH^O,  is  lieated  in  a  platinum  crucible.  It  is  a  dark 
gray  substance,  perfectly  indiflerent  to  acids. 

Tlie  sesquioxide,  or  HJiodic  oxide,  RhjOj,  obtained  by  heating  the  nitrate, 
is  a  gray  porous  mass,  with  metallic  iridescence  ;  insoluble  in  acids,  easily 
reduced  by  hydrogen.  It  forms  two  hydrates  :  RhjOj-SH^O  or  RhH,Oj,  ob- 
tained by  precipitating  a  solution  of  rhodium  and  sodium  chloride  with 
potash  in  presence  of  alcohol,  and  RhjOj.SHjO  or  RhIIjOj.HaO,  formed  by 
precipitating  the  same  salt  with  aqueous  potash. 

The  dioxide,  RhO,,  obtained  by  fusing  pulverized  rhodium  or  the  sesqui- 
oxide with  nitre  and  potash,  and  digesting  the  fused  mass  with  nitric  acid, 
to  dissolve  out  the  potash,  is  a  dark  brown  substance,  insoluble  in  acids. 
When  chlorine  is  passed  into  a  solution  of  rhodic  pentahydrate,  Rh^Og. 
SHjO,  a  black-brown  gelatinous  precipitate  of  the  trihydrate,  Rh^Og.SHjO, 
is  formed  at  first ;  but  this  compound  gradually  loses  its  gelatinous  con- 
sistenc4j,  be:;omes  lighter  in  color,  and  is  finally  converted  into  a  green 
hydrate  of  the  dioxide,  Rh02.2Ii20.  The  alkaline  solution  at  the  same 
time  acquires  a  deep  violet-blue  color. 

Trioxide,  RhOj. — The  blue  alkaline  solution  above  mentioned  deposits, 
after  a  while,  a  blue  powder,  becoming  green  when  dry,  and  yielding, 
when  treated  with  nitric  acid,  a  blue  flocculent  substance,  consisting  of 
the  trioxide,  easily  reduced  to  the  dioxide. 

Rhodio  Sulphate,  Rh2(S04)3.12H20,  formed  by  oxidizing  the  sulphide 
with  nitric  acid,  is  a  yellowisli-white  crystalline  mass.  Jhtassio-rhodic  sul- 
phate, RhK3(S04)5,  is  a  reddish-yellow  crystalline  powder,  formed  by  add- 
ing sulphuric  acid  to  a  solution  of  rhodium  and  potojisium  chloride. 

Ammoniacal  Rhodium  Compounds. — An  ammonio-^oride,  IONH3. 

cyih— (i\H3)3— CI 

RhjClf,  or         I  ,  is  obtained  as  a  yellow  crystalline  powder 

CljRh— (NHj)^— 01 
on  mixing  a  dilute  solution  of  rhodium  and  ammonium  chloride  with  ex- 
cess of  ammonia,  and  leaving  the  filtered  solution  to  evaporate.  The  cor- 
responding oxide,  lONHj.RhjOg,  obtained  by  heating  the  chloride  with 
silver  oxide,  is  a  strong  base,  from  which  the  sulphate  and  oxalate  may  be 
obtained  in  crystalline  form. 
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Rhodic  salts  are,  for  the  most  part,  rose-colored,  and  exhibit,  in  solution, 
the  following  reactions :  with  hydrocien  sulphide  and  ammonium  sulphide ^  a 
brown  precipitate  of  rhodic  sulphide,  insoluble  in  excess  of  ammonium 
sulphide ;  with  soluble  sulphites^  a  pale  yellow  precipitate,  affording  a 
characteristic  reaction  ;  with  iwtash,  a  yellow  precipitate  of  rhodic  oxide, 
soluble  in  excess  ;  with  ammonia ^  and  with  alkaline  carbonates,  a  yellow  pre- 
cipitate aft«*r  a  while.  No  precipitate  with  alkaline  chlorides  or  mercuric 
cyanide.     Zinc  precipitates  metallic  rhodium. 

An  alloy  of  steel  with  a  small  quantity  of  rhodium  is  said  to  possess 
extremely  valuable  properties. 


[DAVYUM. 

Atomic  weight,  ?.    Symbol,  Da. 


This  metal  was  discovered  by  Serge  Kern  in  June,  1877,  in  platiniferous 
sand,  and  named  in  honor  of  Sir  Humphry  Davy.  It  was  obtained  from 
the  mother  liquors  left  after  the  separation  of  platinum,  palladium,  os- 
mium, and  iridium  by  heating  them  w^ith  an  excess  of  ammonium  chloride 
and  nitrate.  A  deep-red  precipitate  was  obtained,  which,  after  calcination 
at  a  red  heat,  left  a  grayish  ma^ss  resembling  platinum  sponge.  This,  fused 
by  the  oxyhydrogen  blowpipe,  furnished  0.27  gramme  of  the  fused  niotal. 
Davyum  is  silver-white,  hard,  but  malleable  at  a  red  heat ;  it  is  readily 
attacked  by  aqua  regia,  and  very  slightly  by  boiling  sulphuric  acid.  Its 
density  is  9.39. 

It  forms  but  one  stable  chloride.  A  second  product  containing  more 
chlorine  decomposes  during  the  evaporation  of  the  nitro-muriatic  solution. 
It  is  very  soluble  in  water,  alcohol,  and  ether,  but  not  deliquescent.  By 
calcination  the  monoxide  is  formed. 

Potassa  gives  a  bright  yellow  precipitate  of  hydrate,  readily  attacked 
by  acids,  even  by  acetic.  The  hydrate  dissolved  in  nitric  acid  gives  a 
brownish  mass,  which,  calcined,  leaves  a  black  product. 

The  chloride  forms  with  potassium  cyanide  a  double  cyanide  left  on 
evaporation  in  beautiful  crystals.  It  forms  double  salts  with  potassium 
and  ammonium  chlorides,  which  are  insoluble  in  water,  but  highly  soluble 
in  absolute  alcohol.  The  double  sodium  salt  has  a  characteristic  reaction 
in  l)eing  almost  insoluble  in  water  and  alcohol.  In  acid  solutions  of  davyum, 
sulphuretted  hydrogen  produces  a  precipitate  of  sulphide  readily  attacked 
by  alkaline  sulphides. 

A  solution  of  the  chloride  gives,  with  potassio  sulphocyanide,  a  reaction 
identical  with  that  of  the  ferric  salts,  a  deep  red  color,  and  in  concentrated 
solution  a  red  precipitate ;  from  hot  solution  by  slow  cooling  large  red 
crystals. 

The  equivalent  was  at  first  supposed  to  be  near  100,  but  some  prelimi- 
nary examinations  made  by  M.  Alexejeff  have  shown  that  it  is  probably 
near  150-54.^R.  B.] 


IRIDIUM. 

Atomic  weight,  108.    Symbol,  Ir. 


Whrn  crude  platinum  is  dissolved  in  nitro-mnriatio  acid,  a  small  quan- 
tity of  a  gray,  scaly,  metallic  substance  usually  remains  behind,  having 
altogether  resisted  the  action  of  the  acid  :  this  is  a  native  alloy  of  iridium 
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and  osmium,  called  osmiridium  or  iritlosmine;  it  is  reduced  to  powder,  mixed 
with  an  equal  weight  of  dry  sodium  chloride,  and  heated  to  redness  in  a 
glass  tube,  through  which  a  stream  of  moist  chlorine  gas  is  transmitted. 
The  further  extremity  of  the  tube  is  connected  with  a  receiver  containing 
solution  of  ammonia.  The  gas,  under  these  circumstances,  is  rapidly  ab- 
sorbed, iridium  chloride  and  osmium  chloride  being  produced :  the  former 
remains  in  combination  with  the  sodium  chloride  ;  the  latter,  being  a  vola- 
tile substance,  is  carried  forward  into  the  receiver,  where  it  is  decomposed 
by  the  water  into  osmic  and  liydrochloric  acids,  which  combine  with  the 
alkali.  The  contents  of  the  tube  when  cold  are  treated  with  water,  by 
which  the  iridium  and  sodium  chloride  is  dissolved  out ;  this  is  mixed  with 
an  excess  of  sodium  carbonate  and  evaporated  to  dryness.  The  residue  is 
ignited  in  a  crucible,  boiled  with  water,  and  dried ;  it  then  consists  of  a 
mixture  of  ferric  oxide  and  a  combination  of  iridium  oxide  with  soda :  it 
is  reduced  by  hydrogen  at  a  high  temperature,  and  treated  successively 
with  water  and  strong  hydrochloric  acid,  by  which  the  alkali  and  the  iron 
are  removed,  while  metallic  iridium  is  left  in  a  finely-divided  state.  By 
strong  pressure  and  exposure  to  a  white  heat,  a  certain  degree  of  compact- 
ness may  be  communicated  to  the  metal.* 

Iridium  is  a  white  brittle  metal,  fusible  with  great  difficulty  before  the 
oxy-hydrogen  blowpipe.  Deville  and  Debray,  by  means  of  their  powerful 
oxy-hydrogen  blast  furnace,  have  fused  it  completely  into  a  pure  white 
mass,  resembling  polished  steel,  brittle  in  the  cold,  somewhat  malleable 
at  a  red  heat,  and  having  a  density  equal  to  that  of  platinum,  viz.,  21.15. 
By  moistening  the  pulverulent  metal  with  a  small  quantity  of  water, 
pressing  it  tightly,  first  between  filtering  paper,  then  very  forcibly  in  a 
press,  and  calcining  it  at  a  white  heat  in  a  forge  fire,  it  may  be  obtained 
in  the  form  of  a  compact,  very  hard  mass,  capable  of  taking  a  good  polish, 
but  still  very  porous,  and  of  a  density  not  exceeding  1(5.0.  After  strong 
ignition  it  is  insoluble  in  all  acids,  but  when  reduced  by  hydrogen  at  low 
temperatures,  it  oxidizes  slowly  at  a  red  heat,  and  dissolves  in  nitro-muri- 
atic  acid.  It  is  usually  rendered  soluble  by  fusing  it  with  nitre  and  caustic 
potash,  or  by  mixing  it  with  common  salt,  or  better,  with  a  mixture  of 
the  chlorides  of  potassium  and  sodium,  and  igniting  it  in  a  current  of 
chlorine,  as  above  described. 

Iridium  forms  throe  series  of  compounds,  namely,  the  hypoiridious 
compounds,  in  which  it  is  bivalent,  as  IrCl^,  IrO ;  the  iridious  com- 
pounds, in  which  it  is  trivalent  or  quadrivalent,  e.  (/.,  IrClj,  or  Ir,Cl^  = 
Cljlr — IrCla ;  and  the  iridic  compounds,  in  which  it  is  also  quadrivalent, 
as  in  IrCl^,  IrO,,  etc.  It  appears  to  be  incapable  of  uniting  with  more 
than  four  atoms  of  a  monad  element,  f  It  forms  also  a  trioxide,  IrO,,  in 
which  it  is  most  probably  sexvalent. 

Cblorldes. — Iridium  appears  to  form  three  chlorides,  but  only  two  of 
them — namely,  the  trichloride  and  tetrachloride — ^have  been  obtained  in 
definite  form. 

•  Osmiridium,  however,  generftlly  contains  pUtinum,  ruthenium,  nnd  other 
metals  of  the  same  group,  which  are  not  effectually  separated  by  the  method  above 
described.  The  complete  separation  of  the  several  metals  of  the  platinum  group 
has  of  late  years  formed  thesul^ect  of  several  elaborate  investi(fatrons,into  which 
the  limits  of  this  work  will  not  permit  us  to  enter.  (See  Watts's  Dictionary  of 
Chemistry,  ili. .%:  iv.  241,  680;  v.  101, 124.) 

t  A  hexchloride,  IrCI«,  was  said  by  Berzelius  to  be.  obtained  in  combination 
with  potanslum  chloride  by  TuHing  fridosmine  with  nitre,  distilling  the  product 
with  nitro-muriafic  acid,  and  treating  the  residue  with  successive  portions 
of  water;  but,  according  to  ClauH,  the  salt  thus  formed  was  really  a  ruthenium 
compound,  having  been  prepared  by  Berzelius  from  iridosmine  contalnlug 
ruthenium. 
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The  dichloridey  IrCl^,  is  not  known  in  the  separate  state,  but  appears  to 
exist  in  certain  double  salts,  called  hypocfUarirUliies, 

The  trichloride,  or  Iridious  chloride^  Ii'Cla,  is  prepared  by  strongly  heating 
iridium  with  nitre,  adding  water  and  enough  nitric  acid  to  saturate  the 
alkali,  warming  the  mixture,  and  then  dissolving  the  precipitated  hydrate 
of  the  sesquioxide  in  hydrochloric  acid  ;  it  forms  a  dark  yellowish-brown 
solution.  This  substance  combines  with  other  metallic  chlorides,  forming 
compounds  called  irtdoso-chloridas,  or  chloriridiies,  which  may  be  prepared 
by  reducing  the  corresponding  chloriridiates  with  sulphurous  acid,  hydro- 
gen sulphide,  or  potassium  ferrocyanide.  Claus  has  obtained  the  com- 
pounds IrCls.SNH^Cl.aUjO,  IrCl5.3KCl.3U2O,  and  IrCl3.3NaC1.12H,0.  They 
are  olive-green  pulverulent  salts,  soluble  in  water. 

The  tetrachloridef  or  Iridic  chloride^  Ir^l4»  is  obtained  in  solution  by  dis- 
solving very  finely  divided  iridium,  or  one  of  its  oxides,  or  the  trichloride, 
in  nitro-muriatic  acid,  and  heating  the  liquid  to  the  boiling  point.  On 
evaporating  the  solution,  it  remains  in  the  form  of  a  black,  deliquescent 
amorphous  mass,  translucent  with  dark-red  color  at  the  edges ;  soluble, 
with  reddish-yellow  color,  in  water.  It  unites  with  alkaline  chlorides, 
forming  compounds  called  iridioehlorides,  or  chloriridiates,  analogous  in  com- 
position to  the  chloroplatinates.  The  ammonium  salt,  IrCl4.2NH4Cl.H2O,  and 
the  potassium  salt,  IrCl4.2KCl,  are  formed,  as  dark- brown  crystalline  pre- 
cipitates, on  mixing  the  solutions  of  the  component  chlorides.  The  potas- 
sium salt  may  also  be  prepared  by  passing  chlorine  over  a  gently  ignited 
and  finely  divided  mixture  of  iridium  with  potassium  chloride.  It  is 
soluble  in  boiling  water,  and  crystalliztvs  in  black  octohedrons,  yielding  a 
red  powder.  The  sodium  salt,  IrCl4.2NaCl.6H2O,  prepared  like  the  potas- 
sium salt,  forms  easily  soluble  black  tables  and  prisms,  isomorphous  with 
the  corresponding  platinum  salt. 

Iodides. — Iridium  forms  three  iodides,  Irl,,  Irl^,  and  Irl^,  analogous  to 
the  chlorides,  and  yielding  similar  double  salts  with  the  iodides  of  the 
alkali-metals.* 

Ozides. — Iridium  forms  four  oxides,  IrO,  IrgOj,  IrOj,  and  IrOg.  The 
monoxide,  or  hyptjiridious  oxide,  IrO,  is  but  little  known.  It  is  obtained  by 
precipitating  an  alkaline  hypochloriridite  with  caustic  alkali  in  an  atmos- 
phere of  carbon  dioxide ;  but  on  exposure  to  the  air  it  is  quickly  converted 
into  a  higher  oxide. 

The  sesquioxide,  or  Iridious  oxide,  IrjO,,  was  formerly  regarded  as  the  most 
easily  formed  and  most  stable  of  the  oxides  of  iridium  ;  but,  according  to 
Claus,  it  has  a  great  tendency  to  take  up  oxygen  and  pass  to  the  state  of 
dioxide.  It  may  be  prepared  by  gently  igniting  a  mixture  of  potassium 
chloriridite  (IrCljKClj)  with  sodium  carbonate  in  an  atmosphere  of  car- 
bon dioxide;  on  treating  the  product  with  water,  the  sesquioxide  re- 
mains in  the  form  of  a  black  powder  insoluble  in  acids.  It  forms  two 
hydrates,  Ir20s.3H20,  and  Irfi^.^H/),  It  unites  with  bases,  forming  salts 
which  may  be  called  iridites.  A  solution  of  a  chloririditt*  in  excess  of  lime- 
water  deposits,  after  standing  for  some  time  out  of  contact  of  air,  a  dirty 
yellow  precipitate  containing  SCaO.IrjOj,. 

The  dioxide,  Iridic  oxide,  IrOj,  is,  according  to  Claus,  the  most  easily  pre- 
pared and  most  stable  of  all  the  oxides  of  iridium,  and  is  always  deposited 
in  the  form  of  a  bulky,  indigo-oolored  hydrate,  Ir0...2H20,  when  a  solution 
of  either  of  the  chlorides  of  iridium  or  their  double  salts  is  boiled  with  an 
alkali ;  but  it  always  retains  3  or  4  per  cent,  of  the  alkali.  The  hydrate 
may  be  obtained  by  dissolving  the  hydrated  susquioxide  in  potash  and 

*  O  f  f  1  e  r ,  Ueber  die  lodverbindungen  det  Iridiums.    GhOttingen,  1867. 
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treating  the  solution  with  an  acid.  It  dissolves  in  acids,  forming  solu- 
tions which  are  dark- brown  when  concentrated,  reddish-yellow  when 
dilute. 

The  trioxide,  or  Periridic  oxidey  IrO„  is  not  known  in  the  free  state,  but 
is  formed  in  combination  with  potash,  when  iridium  is  fused  for  some  time 
with  nitre.  The  resulting  blackish-grefm  mass  dissolves  in  water,  forming 
a  deep  indigo-colored'  solution  of  basic  potassium  periridiate,  leaving  a 
blac^k  crystalline  powder  consisting  of  acid  periridiate.* 

Iridium,  like  the  other  platinum  metals,  shows  but  little  tendency  to 
form  oxygen  salts.  The  oxides  dissolve  in  acids,  but  no  definite  salts  are 
obtained  in  this  way.  The  solution  of  iridic  oxide  in  sulphuric  acid  has 
a  dark-brown  color,  which  is  not  modified  by  potash  in  the  same  manner  as 
that  of  the  dichloride,  neither  does  it  yield  any  blue  precipitate  on  boiling. 

The  only  definite  oxygen-salts  of  iridium  that  have  been  obtained  are 
double  salts  containing  sulphurous  and  dithionic  acids. 

Ily^M-irtdoso-potassic  Sulphite^  IrSOj.SK^SOj,  is  obtained  as  a  white  crys- 
talline powder,  when  the  mother-liquor  obtained  in  preparing  potassium 
chloriridite  by  passing  sulphurous  oxide  through  a  solution  of  the  chlori- 
ridate,  is  evaporated  to  a  small  bulk. 

Sulphidea. — Three  sulphides  of  iridium  are  known,  analogous  to  the 
first  tliree  oxides  above  described.  The  sesquisulphide  and  dmUphide  are  ob- 
tained as  brown-black  precipitates  by  treating  the  solutions  of  the  trichlo- 
ride and  tetrachloride  respectively  with  hydrogen  sulphide.  The  tjioho- 
ndphide  is  a  grayish-black  substance  obtained  by  decomposing  either  of  the 
higher  sulphides  in  a  close  vessel. 

Ammoniacal  Compounds  of  Iridium. — ^The  chlorides  of  iridosammo- 
nium  and  iridosodiamntoniwiiy  IrCNHjCl),  and  Ir[NHj(NH4)Cl]j,  together 
with  the  corresponding  sulphates,  are  prepared  like  the  platinous  com- 
pounds of  analogous  composition,  which  they  also  resemble  in  their  pro- 
perties.    The  nitrcaoddoridCf  ^'''^\H^}NH*^ri  '»  ^®  formed  by  heating  the 

chloride,  Ir(NHjCl)2,  with  strong  nitric  acid.  Iridiodiammomum  chloride^ 
Cl2lr[Nn,(Nll4)ClJj,  is  obtained  as  a  violet  precipitate  by  treating  the 
nitrate  just  mentioned  with  hydrochloric  aoid.f 

The  compound,  lOXHj.IrjCl^,  analogous  to  the  rhodium-compound  above 
described  (p.  450),  but  having  no  analogue  in  the  platinum  series,  is  ob- 
tainiHl  as  a  flesh-colored  crystalline  powder  by  prolonged  digestion  of  am- 
monium chloriridiate  with  warm  aqueous  ammonia.  The  corresponding 
carbonate,  nitrate,  and  sulphate  have  also  been  prepared. t 


Iridic  solutions  (containing  the  dioxide  or  tetrachloride)  are  of  a  dark 
brown-red  color  ;  iridious  solutions  (containing  the  sesquioxide  or  trichlo- 
ride) have  an  olive-green  color.  The  characters  of  an  iridic  solution  are 
best  observed  with  sodium  chloriridiate,  all  the  other  iridic  compounds 
being  but  slightly  soluble. 

Iridic  solutions  give  with  ammonium  or  potasaium  chloride  a  crystalline  pre- 
cipitate of  ammonium  or  potassium  chloriridiate,  which  is  distinguished 
from  the  corresponding  platinum  precipitate  by  its  dark  brown-red  color, 
and  further  by  its  reduction  to  soluble  chloriridite  when  treated  with  solu- 
tion of  hydrogen  sulphide.  This  reaction  serves  for  the  separation  of 
iridium  from  platinum. 

•  OlAUi,  Ann.  Cli.  Phftrm.  lix.  249. 

\  Skoblikoff,  Ann.  Oh.  Phnrin.  Ixxxlv.  275. 

J  U 1 A  u  8 ,  Beitrdge  zur  ChemU  der  PlatinmetaUe.    Dorpat.  1864. 
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RUTHENIUM. 

Atomic  weight,  104.4.    Symbol,  Ru. 

This  metal,  discovered  by  Glaus  in  1846,  occurs  in  platiunm  orSj  and 
chiefly  in  osmiridiuin,  of  which  there  are  two  varietiea — one  scaly,  con- 
sisting almost  wholly  of  osmium,  iridium,  and  ruthenium  ;  while  the  other, 
which  is  granular,  contains  but  mure  traces  of  osmium  and  ruthenium, 
but  is  very  rich  in  iridium  and  rhodium.  To  obtain  ruthenium  scaly 
osmiridium  is  heated  to  bright  redness  in  a  porcelain  tube,  through  which 
a  current  of  air  (freed  from  carbonic  acid  by  passing  through  potash,  and 
from  organic  matter  by  passing  through  oil  of  vitriol),  is  drawn  by  means 
of  an  aspirator.  The  osmium  and  ruthenium  are  thereby  oxidized,  the 
former  being  carried  forward  as  tetroxide  and  condensed  in  caustic  potash 
solution,  while  the  ruthenium  oxide  remains  beliind,  together  with  iri- 
dium ;  and  by  fusing  this  residue  with  potassium  hydroxide,  treating  the 
mass  with  water,  and  leaving  the  liquid  in  a  corked  bottle  for  about  two 
hours  to  clarify,  an  orange-colored  solution  of  potassium  rutheniate  is  ob- 
tained, which,  when  neutralized  with  nitric  acid,  deposits  velvet-black 
ruthenium  sesquioxide,  and  this,  when  washed,  dried,  and  ignited  in  hy- 
drogen, yields  the  metal. 

Ruthenium,  thus  prepared,  forms  porous  lumps  very  much  like  iridium, 
and  is  moderately  easy  to  pulverize.  It  is  the  most  refractory  of  all  metals 
except  osmium.  Deville  and  Debray  have,  however,  fused  it  by  placing  it 
in  tlie  hottest  part  of  the  oxyhydrogen  flame.  After  fusion  it  has  a  den- 
sity of  11.4  ;  that  of  the  porous  metal  is  8.(). 

Ruthenium  is  scarcely  attacked  by  nitromuriatic  acid.  It  is,  however, 
more  easily  oxidized  than  platinum,  or  even  than  silver.  When  pure  it 
is  easily  oxidized  by  fusion  with  ix>tjissium  hydrotxide,  still  more  easily  on 
addition  of  a  small  quantity  of  nitrate  of  chlorate,  producing  potassium 
rutheniate,  which  dissolves  in  water  with  orange-yellow  color. 

Chlorides.  —  Ruthenium  forms  three  chlorides,  RuCl,,  RuCl,,  and 
RuCl^. 

The  dichloride,  RuCl,,  is  produced,  together  with  the  trichloride,  by  ig- 
niting pulverized  ruthenium  in  a  stream  of  chlorine,  the  trichloride  then 
volatilizing,  while  the  chloride  remains  in  the  form  of  a  black  crystalline 
powder,  insoluble  in  water  and  in  all  acids,  even  nitro-muriatic  acid,  and 
only  partially  decomposed  by  alkalies.  A  soluble  dichloride  is  formed  by 
passing  sulphydric  acid  gas  into  a  solution  of  the  trichloride,  a  brown 
sulphide  being  then  precipitated,  and  the  solution  acquiring  a  fine  blue 
color. 

The  trichloride^  or  Rutheniotts  chloride^  RuClj,  prepared  by  precipitating  a 
solution  of  potassic  rutheniate  with  an  acid,  dissolving  the  precipitated 
black  oxide  in  hydrochloric  acid,  and  evaporating,  is  a  yellow-brown, 
crystalline,  very  deliquescent  mass,  becoming  dark -green  and  blue  at  cer- 
tain points  when  strongly  heated.  It  dissolves  easily  in  water  and  in  alco- 
hol, leaving  a  small  quantity  of  a  yellow  insoluble  salt. 

The  concentrate<l  solution  of  ruthenious  chlorjde,  mixed  with  concen- 
trated solutions  of  the  chloricffs  of  potassium  and  ammonium,  yields  the 
double  salts,  RUCI3.2KCI  and  RuCl3.2NH^Cl,  in  the  form  of  crystalline 
precipitates,  with  violet  iridescence,  very  slightly  soluble  in  water,  in- 
soluble in  alcohol. 

The  tetrachloriihj  or  Ruthenic  chloride^  RuCl^,  is  known  only  in  its  double 
salts.     The  potassium  salty  RuCl4.2KC'l,  is  prepared  by  mixing  a  solution  of 
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riithenic  hydrate  in  hydrochloric  acid  with  potassium  chloride,  and  evapo- 
rating to  the  crystallizing  point.  It  is  brown,  with  rose-oolored  iridescence, 
very  soluble  in  water,  but  insoluble  in  alcohol.  The  anouonium  salt,  RuCl^. 
2NH^C1,  is  prepared  like  the  potassium  salt,  which  it  resembles  closely. 

Oxides. — Ruthenium  forms  five  oxides,  viz.,  RuO,  Ru^O,,  RuO,,  RuO„ 
and  RuO^,  the  fourth,  however,  being  known  only  in  combination. 

The  monoxide,  RuO,  obtained  by  calcining  the  dichloride  with  sodium 
carbonate  in  a  current  of  carbon  dioxide,  and  washing  the  residue  with 
water,  has  a  dark -gray  color  and  metallic  lustre  ;  is  not  acted  upon  by 
acids  ;  but  is  reduced  by  hydrogen  at  ordinary  temperatures. — The  sesqui- 
oxUie,  or  Ruthenious  oxide,  Ru^Oj,,  is  a  bluish-black  powder,  formed  by  heat- 
ing the  metal  in  the  air.  The  corresponding  hydrate,  RujOj-SU^O,  or 
RuHjO,,,  is  obtained  by  precipitating  ruthenious  chloride  with  an  alkaline 
carbonate,  as  a  blackish- brown  substance  which  dissolves  with  yellow 
color  in  acids. — Tlio  dioxide,  or  RtUhenic  oxide,  RuO,,  is  a  black-blue  pow- 
der, obtained  by  roasting  the  disulphide.  Ruthenic  HydrcUe,  RuO,. 211,0 
or  RuII^O^,  is  obtained  as  a  gelatinous  precipitate  by  decomposing  potas- 
sium chlororutheniate  with  sodium  carbonate. — The  irioxide,  RuOj,  com- 
monly called  ruthenic  acid,  is  known  only  as  a  potassium  salt,  which  is 
obtained  by  igniting  ruthenium  with  caustic  potash  and  nitre  :  it  forms 
an  orange-yellow  solution. — The  tetroxide,  RuO^,  is  a  volatile  compound, 
analogous  to  osmic  tetroxide,  obtained  by  heating  ruthenium  with  potash 
and  nitre,  in  a  silver  crucible,  dissolving  the  fused  mass  in  water,  and 
passing  chlorine  through  the  solution  in  a  tubulated  retort,  connected  by 
a  condensing  tube  with  a  receiver  containing  potash.  The  tetroxide  then 
pad3(!S  c^er  and  condenses  in  the  neck  of  the  retort  and  in  the  tul)e,  as  a 
golden-yellow  crystalline  crust,  which  melts  between  50O  and  60O.  It  is 
heavier  than  oil  of  vitriol,  dissolv(»s  slightly  in  water,  readily  in  hydro- 
chloric acid,  forming  a  solution  easily  decomposed  by  alcohol,  sulphurous 
acid,  and  other  reducing  agents. 

Sulphides. — Ilydrogen  sulphide,  passed  into  a  solution  of  either  of  the 
chlorides  of  ruthenium,  usually  forms  a  precipitate  consisting  of  ruthe- 
nium sulphide  and  oxysulphide  mixed  with  free  surphur.  The  blue 
solution  of  the  dichloride  yields  a  dark-brown  sesquisulphide,  RUjSj, 
When  hydrogen  sulphide  is  passed  for  a  long  time  into  a  solution  of  the 
trichloride,  ruthenium  disulphide,  RuS,,  is  formed,  as  a  brown-yellow 
precipitate,  becoming  dark-brown  by  calcination. 

Ammoniacal  Ruthenium  Compounds. — Tetrammonio-hypnruthenious 
Chloride,  4Sii^Ai\iC\^.'Sil,0,  or  Ru[NH2(Nll4)Cl],.3n20,  is  formed  by  IkuI- 
ing  the  solution  of  ammonium  chlororutheniate  (RUCI4.2NH4CI)  with  am- 
monia. It  forms  golden-yellow  oblique  rhombic  crystals,  very  soluble  in 
water,  insoluble  in  alcohol.  Treated  with  silver  oxide,  it  yields  the  cor- 
responding oxide,  4NIl8RuO,  which,  however,  is  decorapost^  by  evapora- 
tion of  its  solution,  giving  off  lialf  its  ammonia,  and  leaving  the  com- 
pound, 2NII3.RUO.  The  carbonate,  nitrate,  and  sulphate,  obtained  by 
tn^ating  this  last-mentioned  oxide  with  the  corresponding  silver  salts, 
form  yellow  crystals. 

The  compounds  of  ruthenium  may  readily  be  distinguished  from  those 
of  the  other  platinum-metals,  by  fusing  a  few  milligrams  of  the  substance 
in  a  platinum  spoon^  with  a  large  excess  of  nitre,  leaving  it  to  cool  when 
it  ceases  to  froth,  and  dissolving  the  cooled  mass  in  a  little  distilled  wator. 
An  orange-yellow  splution  of  potassium  rutheniate  is  thus  formed,  which 
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on  addition  of  a  drop  or  two  of  nitric  acid,  yields  a  bulky,  black  precipi- 
tate ;  and  on  adding  hydrochloric  acid  to  the  liquid,  with  the  precipitate 
still  in  it,  and  heating  it  in  a  porcelain  crucible,  the  oxide  dissolves,  form- 
ing a  solution  which  has  a  fine  orange-yellow  color  when  concentrated, 
and  when  treated  with  hydrogen  stUphidej  till  it  becomes  nearly  black, 
yields  a  filtrate  of  a  splendid  sky-blue  color.  Characteristic  reactions  are 
also  obtained  with  potassium  sulphocyanate,  which  colors  the  liquid  deep- 
red,  changing  to  violet  on  heating,  and  with  lead  acetate^  which  forms  a 
purple-red  precipitate. 


OSMIUM. 

Atomio  weight,  199.2.    Symbol,  Ot. 


^ 


Thb  separation  of  this  metal  from  iridium,  ruthenium,  and  the  other 
metals  with  which  it  is  associated  in  native  osmiridium,  and  in  platinum 
residues,  depends  chiefly  on  its  ready  oxidation  with  nitric  or  nitro-muriatio 
acid,  or  by  ignition  in  air  or  oxygen,  and  the  volatility  of  the  oxide  thus 
produced. 

To  prepare  metallic  osmium,  the  solution  obtained  by  oondensing  the 
vapor  of  osmium  tetroxide  in  potash  (p.  455)  is  mixed  with  excess  of 
hydro shlorio  acid,  and  digested  with  mercury  in  a  well-closed  bottle  at 
4(P.  The  osmium  is  then  reduced  by  the  mercury,  and  an  amalgam  is 
formed,  which,  when  distilled  in  a  stream  of  hydrogen  till  all  the  mercury 
and  calomel  are  expelled,  leaves  metallic  osmium  in  the  form  of  a  black 
powder  (Berzelius).  The  metal  may  also  be  obtained  by  igniting  ammo- 
nium chloro-osmite  with  sal-ammoniac. 

The  properties  of  osmium  vary  according  to  its  mode  oi  preparation. 
In  the  pulverulent  state  it  is  black,  destitute  of  metallic  lustre,  which, 
however,  it  acquires  by  burnishing ;  in  the  compact  state,  as  obtained  by 
Berzelius's  method  above  described,  it  exhibits  metallic  lustre,  and  has  a 
density  of  10.  Deville  and  Debray,  by  igniting  precipitated  osmium  sul- 
pide  in  a  crucible  of  gas-coke,  at  the  melting  heat  of  nickel,  obtained  it 
in  bluish-black,  easily  divisible  lumps.  When  heated  to  the  melting  point 
of  rhodium,  it  becomes  more  compact,  and  acquires  a  density  of  21.3  to 
21.4.  At  a  still  higher  temperature,  capable  of  melting  ruthenium  and 
iri<lium,  and  volatilizing  platinum,  osmium  likewise  volatilizes,  but  still 
does  not  melt ;  in  fact,  it  is  the  most  refractory  of  all  metals. 

Osmium  in  the  finely  divided  state  is  highly  combustible,  continuing  to 
burn  when  set  on  fire,  till  it  is  all  volatilized  as  tetroxide.  In  this  state, 
also,  it  is  easily  oxidized  by  nitric  or  nitro-muriatic  acid,  being  converted 
into  tetroxide.  But,  after  exposure  to  a  red  heat,  it  becomes  less  combus- 
tible, and  is  not  oxidized  by  nitric  or  nitro-muriatic  acid.  Osmium  which 
has  been  heated  to  the  melting  point  of  rhodium,  does  not  give  off  any 
vapor  of  tetroxide  when  heated  in  the  air  to  the  melting  point  of  zinc,  but 
takes  fire  at  higher  temperatures. 

Oflmlnm  Chlorides. — Osmium  forms  three  chlorides,  analogous  to 
those  of  iridium  and  ruthenium.  When  it  is  heated  in  dry  chlorine  gas, 
there  is  formed,  first  a  blue-black  sublimate  of  the  dichloride,  then  a  red 
sublimate  of  the  tetrachloride.  The  dichloride,  or  hypo^smious  chloride,  dis- 
solves in  water  with  dark  violet-  blue  color.  It  is  likewise  formed  by  the 
action  of  reducing  agents  on  either  of  the  higher  chlorides,  into  which,  on 
the  other  hand,  it  is  easily  converted  by  oxidation.  The  addition  of  potas- 
39 
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siam  chloride  renders  it  more  stable,  by  forming  a  doable  salt.  The  tri- 
chloride^  OsCl,,  has  not  been  isolated,  but  is  contained  in  the  solution 
obtained  by  treating  the  sesquioxide  with  hydrochloric  acid.  It  forms 
double  salts  with  alkaline  chlorides.  The  potassium  salt,  OsCl,.3KC1.3Il,0, 
is  produced,  together  with  potassium  chlorosmate,  when  a  mixture  of  pul- 
verized osmium  and  potassium  chloride  is  ignited  in  chlorine  gas  ;  it  forms 
dark  red-brown  crystals. 

The  tetrachloride,  or  Oj^mic  chloride,  OsCl^,  is  the  red  compound  which  con- 
stitutes the  principal  part  of  the  product  obtained  by  igniting  osmium  in 
chlorine  gas.  It  dissolves  with  yellow  color  in  water  and  alcohol,  and  is 
decomposed  quickly  in  dilute  solution,  more  slowly  in  presence  of  hydro- 
chloric acid  or  metallic  chlorides,  yielding  a  black  precipitate  of  osmic  oxide 
and  a  solution  of  osmium  tetroxide  in  hydrochloric  acid. 

Osmic  chloride  unites  with  the  chlorides  of  the  alkali-metals,  forming 
salts  sometimes  called  osmiochlorides,  or  chlorosmates.  From 
the  solutions  of  these  salts,  hydrogen  sulphide  and  ammonium  sulphide  slowly 
precipitate  a  yellow-brown  sulphide,  insoluble  in  alkaline  sulphides ; 
silver  nitrate  formg  an  olive-green  ;  stannous  chloride,  a  brown  precipitate. 
Tannic  acid,  on  heating,  produces  a  blue  color,  but  no  precipitate ;  potas- 
sium J'errocyanide,  first  a  green,  then  a  blue  color ;  potassium  iodide,  a  deep 
purple-red  color.  Ihtash  gives  a  black,  ammonia  a  brown  precipitate, 
slowly  in  the  cold,  immediately  on  boiling.  Metallic  zinc  and  sodium  for- 
mate  throw  down  metallic  osmium. 

Sodiwn  osmiocIUoride,  OsCl4.2NaCl,  prepared  by  heating  a  mixture  of 
osmium  sulphide  and  sodium  chloride  in  a  current  of  chlorine,  crystallizes 
in  orange-colored  rhombic  prisms,  an  inch  long,  easily  soluble  in  water 
and  in  alcohol.  The  potassium  and  amttwnium  salts,  of  analogous  composi- 
tion, are  obtained  as  red-brown  crystalline  precipitates  on  adding  sal- 
ammoniac  or  potassium  chloride  to  the  solution  of  the  sodium  salt. 

Ozldes.— Osmium  forms  five  oxides  analogous  to  those  of  ruthenium. 
The  monoxide,  or  hypo^smious  oxide,  OsO,  is  obtained  by  igniting  hypo-osmious 
sulphite  in  a  stream  of  carl)oniG  acid  gas  ;  also,  as  a  blue-black  hydrate, 
by  heating  the  same  salt  with  strong  potash  solution  in  a  closed  vessel. 
Hypo-osmious  sulphite,  OsSO,,  or  OsO.SO,,  is  a  black-blue  salt,  produced  by 
mixing  the  aqueous  solution  of  osmium  tetroxide  with  sulphurous  acid. 
The  sesquioxide,  or  osmious  oxide,  Os^O,,  is  obtained  by  heating  either  of  the 
double  salts  of  the  trichloride  with  sodium  carbonate  in  a  stream  of  car- 
bonic acid  gas.  It  is  a  black  powder,  insoluble  in  acids.  The  hydrate, 
obtained  by  precipitation,  has  a  dirty  brown-red  color,  is  soluble  in  acids, 
but  does  not  yield  pure  salts. 

The  dioxide,  or  Osmic  oxide,  OsO,,  is  obtained  as  a  black  insoluble  powder, 
by  heating  potassium  osmiochloride  with  sodium  carbonate  in  a  stream  of 
carbonic  acid  gas,  or  in  copper-red  metallic  shining  lumps,  by  heating  the 
corresponding  hydrate.  Osmic  hydrate,  Ort02.2H20,  is  obtained  by  precipi- 
tating a  solution  of  potassium  osmiochloride  with  potash,  at  the  boiling 
heat,  or  in  greater  purity  by  mixing  a  solution  of  potassio  osmite,  K^O. 
OsO,,  with  dilute  nitric  acid. 

The  trioxide,  OsO,,  is  not  known  in  the  free  state,  but  combines  with 
alkalies,  forming  salts  called  os mites,  which  are  produced  by  the  action 
of  reducing  agents  on  the  tetroxide  in  presence  of  alkalies.  The  potassium 
salt,  K,O.Os03.2H2O,  is  a  rose-colored  crystalline  powder. 

The  tetroxide,  OSO4,  commonly  called  ostnic  actd,  is  the  volatile,  strong- 
smelling  compound,  formed  when  osmium  or  either  of  its  lower  oxides  is 
heated  in  the  air,  or  treated  with  nitric  or  nitro-muriatic  acid.  It  may  be 
prepared  by  heating  osmium  in  a  current  of  oxygen  gas,  and  condenses  in 
the  cool  part  of  the  apparatus  in  colorless,  transparent  crystals.    It  melts 
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below  10(P,  and  boils  at  a  temperature  a  little  above  its  melting  point, 
ltd  vapor  hati  an  intolerably  pungent  o<lor,  attacks  tlie  eyes  strongly  and 
painfully,  and  is  excessively  poisonous.  Osmium  tetroxide  is  dissolved 
slowly,  but  in  considerable  quantity  by  water,  forming  an  acid  solution. 
It  is  a  powerful  oxidizing  agent,  decolorizing  indigo-solution,  separating 
iodine  from  potassium  iodide,  converting  alcohol  into  aldehyde  and  acetic 
acid,  etc.  It  dissolves  in  alkalies,  forming  yellow-red  solutions,  which  are 
inodorous  when  cold,  but  when  heated,  give  off  the  tetroxide  and  free  oxy- 
gen, leaving  a  residue  of  alkaline  osmlte. 

Sulphides. — Osmium  burns  in  sulphur  vapor.  Five  sulphides  of  os- 
mium are  said  to  exist,  analogous  to  the  oxides,  the  first  four  being  pro- 
duced by  decoitiposing  the  corresponding  chlorides  with  hydrogen  sulphide 
and  the  tetrasulphide  by  passing  that  gas  into  a  solution  of  the  tetroxide. 
The  last  is  a  sulphur  acid,  perfectly  soluble  in  water,  whereas  the  others 
are  sulphur  bases,  slightly  soluble  in  water,  and  forming  deep  yellow 
solutions. 

Ammoniaoal  Osmiain  CompoxindB. — A  cold  solution  of  potassium 
osmite,  mixed  with  sal-ammoniac,  yields  a  yellow  crystalline  precipitate, 
consisting,  according  to  Clans,  of  kydrated  osnmitmwnium  chlorulff  Os(NU3Cl),. 
An  aqueous  solution  of  the  tetroxide  treated  with  ammonia  yields  a  brown- 
black  powder,  consisting  of  NjHgOsOj,  or  OZIOs<^^u^^O  -|-  H,0. 

OsHiAMio  Acid,  H^Os^N^Oj. — ^The  potassium  salt  of  this  bibasic  acid, 
KjOsgNgOg,  is  produced  by  the  action  of  ammonia  on  a  hot  solution  of  os- 
mium tetroxide  in  excess  of  potash  : — ' 

eOsO^  +  8NH,  +  6KH0  =  3K,0sjNj0j  -f-  15HjO  -f-  N,. 

It  separates  as  a  yellow  crystalline  powder,  and  its  solution,  treated  with 
silver  nitrate,  yields  a  precipitate  of  silver  osmiamate,  Ag20s.^N20<^,  from 
which  the  aqueous  acid  may  be  prepared  by  decomposition  with  hydro- 
chloric acid.  It  is  a  strong  acid,  decomposing  not  only  the  carbonates, 
bnt  also  the  chlorides,  of  potassium  and  sodium.  The  osmiamates  of  the 
alkali-metals  and  alkaline  earth-metals  are  soluble  in  water ;  the  lead, 
mercury,  and  silver  salts  are  insoluble. 


All  osminra  compounds,  when  heated  with  excess  of  nitric  acid,  give  off 
the  unpleasant  odor  of  osmium  tetroxide.  By  ignition  in  hydrogen  pas, 
they  are  reduced  to  metallic  osmium,  which,  as  well  as  the  lower  oxide, 
emit^i  the  same  odor  when  heated  in  contact  with  the  air.  The  reactions 
of  osmium  salts  in  solution  have  already  been  described. 


PART  III. 


CHEMISTRY  OP  CARBON  COMPOUNDS 

OR 

ORGANIC  CHEMISTRY. 


INTRODUCTION. 


Thb  tenn  "Organic  Chemistrj"  originally  denoted  the  chemistry  of 
compounds  formed  in  the  bodies  of  plants  and  animals.  The  peculiar 
charactei^  of  the  compounds  thus  formed,  and  the  failure  of  the  earlier 
attempts  to  produce  them  by  artificial  means,  led  to  the  erroneous  idea 
that  their  formation  was  due  to  a  mysterious  power,  called  **  vital  force," 
supposed  to  reside  in  the  living  organism,  and  to  govern  all  the  changes 
and  processes  taking  place  within  it.  In  accordance  with  this  idea,  the 
chemistry  of  organic  compounds,  including  those  which  were  formed  by 
artificial  processes  from  the  products  of  vegetable  and  animal  life,  was 
erected  into  a  special  branch  of  chemical  science. 

Later  researches  have,  however,  shown  that  a  large  number  of  com- 
pounds, formerly  regarded  as  producible  only  under  the  influence  of  the 
so-called  vital  force,  may  be  formed  either  by  direct  combination  of  their 
elements,  or  by  chemical  transformation  of  inorganic  compounds. 

The  first  step  in  the  formation  of  organic  compounds  from  their  elements 
was  made  by  Wohler,  who  showed,  in  1828,  that  urea,  the  characteristic 
constituent  of  urine,  can  be  produced  by  molecular  transformation  of  am- 
monium cyanate.  This  experiment,  viewed  in  connection  with  the  fact 
established  about  twelve  years  afterwards,  that  cyanogen  (CN)  can  be 
formed  by  direct  combination  of  its  elements,  is  conclusive  of  the  possi- 
bility of  forming  a  product  of  the  living  organism  from  inorganic  materials. 
More  recently  it  has  been  shown  that  ethine,  or  acetylene,  C,!!,,  can  be 
produced  by  the  direct  combination  of  carbon  and  hydrogen ;  that  this 
compound  can  be  made  to  take  up  two  additional  atoms  of  hydrogen  to 
form  ethene,  C^Hf ;  and  that  this  latter  compound  can  be  converted  into 
alcohol,  C^UgO,  a  body  formerly  supposed  to  be  producible  only  by  the  fer- 
mentation of  sugar ;  and  from  this  a  large  number  of  other  compounds 
can  be  produced  by  the  action  of  various  reagents.  The  researches  of 
Bertholet,  Kolbe,  Wurtz,  and  other  distinguished  chemists,  have  led  to  the 
discovery  of  a  large  number  of  other  cases  of  the  formation  of  organic 
compounds,  often  of  great  complexity,  from  substances  of  purely  mineral 
origin,  and  ultimately  from  the  elements  themselves.  The  division  of 
compounds  into  two  distinct  branches,  inorganic  and  organic— formi*d  ac- 
cording to  distinct  laws,  the  former  being  artificially  producible  by  direct 
combination  of  their  elements,  the  latter  only  under  the  influence  of  a 
supposed  vital  force— must  therefore  be  abandoned.  There  is,  indeed,  but 
(460) 
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one  science  of  chemistry,  of  which  the  study  of  the  compounds  called  or- 
ganic forms  a  part. 

Organic  chemistry  is  in  fact  the  chemistry  of  carbon-compounds,  and,  in 
a  strictly  systematic  arrangement,  these  compounds  should  be  described  in 
connection  with  the  element  carbon  itself.  But  tlie  compounds  into  which 
carbon  enters  are  so  numerous,  their  constitution  and  the  transformations 
which  they  undergo  under  the  influence  of  heat  and  of  chemical  reagents 
are,  in  many  instances,  so  complicated,  that  it  is  found  best,  for  the  pur- 
poses of  instruction,  to  defer  their  consideration  till  the  other  elements  and 
their  compounds  have  been  studied. 

It  is  important,  in  this  place,  to  mark  the  distinction  between  organic 
compounds  and  organized  bodies.  Organic  bodies,  such  as  marsh 
gas,  ethene,  benzene,  alcohol,  sugar,  morphine,  etc.,  are  definite  chemical 
compounds,  many  of  which,  as  already  observed,  may  be  formed  by  arti- 
ficial methods  ;  those  which  are  solid  can,  for  the  most  part,  be  crystallized ; 
those  which  are  liquid  exhibit  constant  boiling  points.  Organized  bodies, 
on  the  contrary,  always  consist  of  mixtures  of  several  definite  compounds. 
They  never  crystallize,  but  exhibit  a  fibrous  or  cellular  structure,  and 
cannot  be  reduced  to  the  liquid  or  gaseous  state  without  complete  decom- 
position. Lastly,  they  are  organs,  or  parts  of  organs,  which  are  essentially 
products  of  vitality,  and  there  is  not  the  slightest  prospect  of  their  ever 
being  produced  by  artificial  means. 

The  study  of  the  composition  and  chemical  relations  of  organized  bodies 
belongs  to  a  special  department  of  the  science)  called  **  Physiological  Chem- 
istry," which  bears  the  same  relation  to  Organic  Chemistry  that  Chemical 
Qeology  bears  to  Mineralogy. 


DECOMPOSITIONS  AND  TRANSFORMATIONS  OF  ORGANIC 

COMPOUNDS. 

Organic  bodies  are,  generally  speaking,  distinguished  by  the  facility 
with  which  they  decompose  under  the  influence  of  heat  or  of  chemical  re- 
agents ;  the  more  complex  the  body,  the  more  easily  does  it  undergo 
deoomposition  or  transformation. 

1.  Action  of  Heat. — Organic  bodies  of  simple  constitution  and  of  some 
permanence,  but  not  capable  of  subliming  unchanged,  like  many  of  the 
organic  acids,  yield,  when  exposed  to  a  liigh  but  regulated  temperature, 
in  a  retort,  new  compounds,  perfectly  definite  and  often  crystallizable, 
which  partake,  to  a  certain  extent,  of  the  properties  of  the  original  sub- 
stance. Carbon  dioxide  and  water  are  often  eliminated  under  these  cir- 
cumstances. If  the  heat  be  suddenly  raised  to  redness,  the  regularity  of 
the  decomposition  vanishes,  while  the  products  become  more  uncertain 
and  more  numerous  ;  carbon  dioxide  and  watery  vapor  are  succeeded  by 
inflammable  gases,  as  carbon  monoxide  and  hydrocarbons ;  oily  matter 
and  tar  distil  over,  and  increase  in  quantity  until  the  close  of  the  opera- 
tion, when  the  retort  is  found  to  contain,  in  most  cases,  a  residue  of  char- 
coal.    Such  is  (/ry  or  destructive  distillation. 

If  the  organic  substance  contains  nitrogen,  and  it  is  not  of  a  kind  capa- 
ble of  taking  a  new  and  permanent  form  at  a  moderate  degree  of  heat, 
then  that  nitrogen  is  in  most  instances  partly  disengaged  in  the  shape  of 
ammonia,  or  substances  analogous  to  it,  partly  left  in  combination  with 
the  carbonaceous  matter  in  the  distillatory  vessel.  The  products  of  dry 
distillation  thus  become  still  more  complicated. 

39* 
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A  much  greater  degree  of  regularity  is  observed  in  the  effects  of  heat  on 
fixed  organic  matters,  when  these  are  previously  mixed  with  an  excess  of 
strong  alkaline  base,  as  potash  or  lime.  In  such  cases  an  acid,  the  nature 
of  which  is  chiefly  dependent  upon  the  temperature  applied,  is  produced, 
and  remains  in  union  with  the  base,  the  residual  element  or  elements 
escaping  in  some  volatile  form.  Thus  benzoic  acid  distilled  with  calcium 
hydrate,  at  a  dull  red  heat,  yields  calcium  carbonate  and  benzene ;  woody 
fibre  and  caustic  potash,  heated  to  a  very  moderate  temperature,  yield  free 
hydrogen,  and  a  brown,  somewhat  indefinite  substance  called  tdmic  acid; 
with  a  higher  degree  of  heat,  oxalic  acid  appears  in  the  place  of  the  ulmic ; 
and,  at  the  temperature  of  ignition,  carbon  dioxide,  hydrogen  being  the 
other  product. 

2.  Action  of  Oxygen, — Oxygen,  either  free  or  in  the  nascent  state,  in 
which  latter  condition  it  is  most  active,  may  act  on  organic  compounds  in 
four  different  ways  : — 

A.  By  simple  addition,  as 

C-H^O  +  0  s=s  CjH^O, 
Aldehyde.  Acetic  aoid. 

0.  By  simply  removing  hydrogen : 

C^HjO  +  0  =  H,0  +  C.H,0 
Alcohol.  Aldehyde. 

y.  By  removing  hydrogen  and  taking  its  place,  2  atoms  of  hydrogen 
being  replaced  by  one  of  oxygen  ;  e.  g, : 

C,H,0  +  0,  =  H,0  +  C,H,0, 
Aleohol.  Acetic  acid. 

1.  By  removing  both  carbon  and  hydrogen.  In  this  manner  complex 
organic  bodies  containing  large  numbers  of  carbon  and  hydrogen  atoms 
are  reduced  to  others  of  simpler  constitution,  and  ultimately  the  carbon 
and  hydrogen  are  wholly  converted  into  carbon  dioxide  and  water.  Ni- 
trogen, chlorine,  bromine,  and  iodine,  if  present,  are  at  the  same  time 
disengaged,  for  tlie  most  part  in  the  free  state,  and  sulphur  is  oxidized. 

Moist  organic  substances,  especially  those  containing  nitrogen,  undergo, 
when  exposed  to  the  air,  a  slow  process  of  oxidation,  by  which  the  organic 
matter  is  gradually  burned  and  destroyed  without  sensible  elevation  of 
temperature :  this  process  is  called  DecaVj  or  Er&nacausis,  Closely  con- 
nected with  this  change  are  those  called  Fermentation  and  Putrefaction^  con- 
sisting in  a  new  arrangement  of  the  elements  of  the  compound  (often  with 
assimilation  of  the  elements  of  water),  and  the  consequent  formation  of 
new  products.  The  change  is  called  putrefaction,  when  it  is  accompanied 
by  an  offensive  odor ;  fermentation,  when  no  such  odor  is  evolved,  and  espe-* 
cially  if  the  change  results  in  the  formation  of  useful  products  ,  thus  the 
decomposition  of  a  dead  body,  or  of  blood  or  urine,  is  putrefaction ; 
that  of  grape-juice  or  malt- wort,  which  yields  alcohol,  is  fermentation. 
Putrefaction  and  fermentation  are  not  processes  of  oxidation ;  neverthe- 
less, the  presence  of  oxygen  appears  to  be  indispensable  to  their  com* 
mencement ;  but  the  change,  when  once  begun,  proceeds  without  the  aid 
of  any  other  substance  external  to  the  decomposing  body,  unless  it  be 
water  or  its  elements.  Every  case  of  putrefaction  thus  begins  with  decay ; 
and  if  the  decay,  or  its  cause,  namely,  the  absorption  of  oxygen,  be  pre- 
vented, no  putrefaction  occurs.  The  most  putrescrible  substances,  as  milk, 
highly  azotized  vegetables,  and  animal  flesh  intended  for  food,  may  be 
preserved  indefinitely,  by  inclosure  in  metallic  oases  from  which  the  air 
has  been  completely  removed  and  excluded* 
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Fermentation  and  putrefaction  are  always  accompanied  by  the  develop- 
ment of  certain  living  organisms  of  the  fungous  class  ;  but  whether  the 
growth  of  these  is  a  cause  or  a  consequence  of  the  chemical  change  is  a 
point  not  yet  decided.  We  shall  return  to  this  subject  in  speaking  of  the 
fermentation  of  sugar. 

3.  Action  of  Chlorine^  Bromine,  and  Iodine. — Chlorine  and  bromine  exert 
precisely  similar  actions  on  organic  bodies  ;  that  of  chlorine  is  the  more 
energetic  of  the  two.     The  reactions  consist : 

a.  In  simple  addition  of  chlorine  or  bromine  to  the  organic  molecule ; 
e.  g, : 

Cfifi^  +  Br,  =  C^H^BrjO^ 
Fumnrio  DibromoBUcclnle 

Aoid.  aoid. 

B*  In  removal  of  hydrogen  without  substitution  : 

Cfifi  +  CI,  =  2HC1  +  CjH^O 
Alcohol.  Aldehyde. 

y.    In  substitution  of  chlorine  or  bromine  for  hydrogen : 

CjH^O,  +  CI,  =  HCl  +  CjHsClO, 
Aoetlo  Ohloracelic 

aoid.  acid. 

C,H,Oj  +  SCI,  =  3Ha  +  C-HCljO, 
Acetic  Trichloracetio 

acid.  acid. 

The  substitution-products  thus  formed  undergo  transformations  closely 
analogous  to  those  of  the  original  compounds,  under  the  influence  of  simi- 
lar reagents  ;  but  they  are  always  more  aoid,  or  less  basylous,  in  proportion 
to  the  quantity  of  chlorine  or  bromine  substituted  for  hydrogen.  Thus 
aniline,  CjH^N,  which  is  a  strong  base,  may  be  converted,  by  processes  to 
be  hereafter  described,  into  the  chlorinated  compounds,  C^UqCIN,  CQH5CI2N, 
and  CeH^CljN,  the  first  and  second  of  which  are  less  basic  than  aniline 
itself,  while  the  third  does  not  show  any  tendency  to  form  salts  with  acids. 

>.  In  presence  of  water  they  remove  the  hydrogen  of  that  liquid,  and 
set  free  the  oxygen:  hence,  chlorine-water  and  bromine-water  act  as 
powerful  oxidizing  agents. 

Iodine  may  also  act  in  this  manner  as  an  oxidizing  agent ;  and  it  some- 
times attaches  itself  directly  to  organic  molecules  ;  but  it  never  acts  directly 
by  substitution.  Iodine  substitution-products  may,  however,  be  obtained 
in  some  cases  by  treating  organic  bodies  with  chloride  of  iodine,  the  ohlorine 
then  removing  hydrogen,  and  the  iodine  taking  its  place. 

4.  Action  of  Nitric  Acid, — This  acid  acts  very  powerfully  on  organic  sub- 
stances.    The  action  may  be  of  three  kinds : 

«.  Direct  combination,  as  with  organic  bases  ;  e.g, : 

CjH,N    +     NO3H    =    C-H^N.NOaH 
Ethylamine.        Nitrlo  Ethylamlne 

acid.  nitrate. 

$.  Oxidation.  This  mode  of  action  is  most  frequently  observed  with  the 
somewhat  diluted  acid. 

y.  Substitution  of  nitryl  (NO^)  for  hydrogen ;  e.g, : 

CeHe    +     NO-(OH)     »    H,0    +    CgH^CNO,) 
Benzene.         Nitric  acid.  Nitrobenzene. 

C«H,o05    +    3N0,(0H)    »    3H,0    +     CJI.CNO,),©^ 
Gellulose.  Nitric  acid.  Tri nitrocellulose 

(gun-cotton). 
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This  action  takes  place  most  readily  with  the  strongest  nitric  acid  (pure 
hydrogen  nitrate) .  The  products  (called  uitro-compouuds)  are  always 
easily  combustible,  and  in  many  cases  highly  explosive. 

5.  Action  of  Alkalies. — ^The  hydroxides  of  potassium  and  sodium  act  on 
organic  bodies  in  a  great  variety  of  ways,  the  most  important  and  general 
of  which  are  the  following : — 

«.  By  direct  combination  : — 

CO        +        HKO        =        CHKO, 
Carbon  Potasaium  PotasBium 

monoxide.         hydroxide.  formate. 

C,oH„0      +       HKO      a      C,oH„KO, 
Oamphor.  PotasBium  Potasiium 

hydroxide.  campholate. 

6.  By  double  decomposition  with  acids,  water  being  eliminated,  and  a 
salt  produced : 

C.HA  +  HKO  =  H,0  +  CjHaKO, 
Acetic  acid.  PotiiBSium 

acetate. 

y.  Oxidation,  with  elimination  of  hydrogen  : 

CjHeO  +  HKO  =  C^HsKO,  +  2H, 
AlcohoL  PotRBBlum 

acetate. 

>.  From  chlorinated  compounds  they  remove  a  part  or  the  whole  of  the 
chlorine : 

C^H^Cl,  +  HKO  s  CjHja  +  KCl  +  H,0 
Ethene  Ohlor- 

ohloride.  ethene. 

CjH„Cl  +  HKO  =  CsHio  +  KQ  +  H,0 
Amyl  Amylene. 

chloride. 

t.  Amides  (p.  318)  are  decomposed  by  them  in  such  a  manner  that  the 
whole  of  the  nitrogen  is  given  off  as  ammonia,  and  a  potassium  or  sodium 
salt  of  the  corresponding  acid  is  produced : 

NHj-C^HjO  +  HKO  =  NH,  +  C^HjO.OK 
Acetamide.  PotasBium 

acetate. 

Many  other  azotlzed  organic  compounds,  when  heated  with  alkaline 
hydroxides,  likewise  give  up  the  whole  of  their  hydrogen  in  the  form  of 
ammonia. 

6.  Action  of  Reducing  Agents, — ^Tliis  name  is  given  to  bodies  whose  action 
is  the  inverse  of  that  of  oxygen,  chlorine,  bromine,  and  iodine ;  such  are 
nascent  hydrogen,  obtained  by  the  action  of  sodium-amalgam  on  water,  or 
by  that  of  zinc  on  aqueous  acids  or  alkalies  ;  also  hydrogen  sulphide,  am- 
monium sulphide,  sulphurous  acid,  and  metals,  especially  potassium  and 
sodium — all  of  which  either  give  up  hydrogen,  or  abstract  oxygen,  chlo- 
rine, etc. 

Reducing  agents  may  act  in  the  following  ways  : — 

a.  By  adding  hydrogen  to  an  organic  body  : — 

G^H^O    +     HH    =a    C,H,0 
Ethene  AlcohoL 

oxide. 


OF   ORQANIO   COMPOUNDS.  465 

0,  By  removing  oxygen,  chlorine,  bromine,  or  iodine,  without  intro- 
ducing anything  in  its  place ;  tlius  : — 

C,H«0,    +     UH    =r    HgO    +     C,HbO 
Benzoic  Benzoio 

aoid.  aldehyde. 

y.  By  substituting  hydrogen  for  oxygen,  chlorine,  etc.  This  process  is 
called  inverse  substitution.  It  may  take  place  either  in  equivalent  quanti- 
ties, e.y,: — 

aHjO.OH  +  2HH  s  H,0  +  C7H,.0H ; 

Benzoio  Benzylio 

acid.  alcohol. 

or  it  may  happen  that  the  quantity  of  hydrogen  introduced  is  only  half 
that  which  ia  equivalent  to  the  oxygen  removed.  This  mode  of  substitu- 
tion takes  place  with  nitro-compounds,  which  are  thereby  reduced  to 
others  containing  amidogen  (NHj)  in  place  of  nitryl  (NO,);  thus: — 

GeH^CNOs)  +  3H,  =  2H,0  -f  C.H,(NH,) 
Nitrobenzene.  Amidobenzene 

(aniline). 

A  large  number  of  organic  bases  are  formed  in  this  manner  from  nitro- 
compounds. 

7.  Action  of  Dehifdrating  Agents, — Strong  sulphuric  acid,  sulphxiric  oxide, 
phosphoric  oxide,  and  zinc  chloride,  remove  oxygen  and  hydrogen  from 
organic  bodies  in  tlio  form  of  water,  the  elements  of  which  are  derived, 
sometimes  from  a  single  molecule  of  the  organic  body,  sometimes  from  two 
molecules  :— 

C^HjO  —  HjO  =  CjH^ 
Alcohol.  Ethene. 


2C,H«0  —  H,0  =  C.H,oO 
Alcohol.  Ether. 


Compounds  which,  like  sugar,  starch,  and  woody  fibre,  consist  of  carbon 
united  with  hydrogen  and  oxygen  in  the  proportions  to  form  water,  are 
often  reduced  by  these  dehydrating  agents  to  black  .substances  consisting 
mainly  of  carljon. 

Other  reactions  of  loss  generality  than  those  above  described  will  be  suf- 
ficiently illustrated  by  special  cases  in  the  sequel. 


THE  ELEMENTARY  OR  ULTIMATE  ANALYSIS  OP  ORGANIC 

COMPOUNDS. 

Organic  compounds  contain,  for  the  most  part,  only  a  small  number  of 
elements.  Many  consist  only  of  carbon  and  hydrogen.  A  very  large 
number,  including  most  of  those  which  occur  ready-formed  in  the  bodies 
of  plants  an()  animals,  consist  of  carbon,  hydrogen  and  oxygen ;  others 
consist  of  carbon,  hydrogen,  and  nitrogen.  Others,  again,  including  most 
of  the  proximate  principles  of  the  animal  organism,  consist  of  four  ele- 
ments, carbon,  hydrogen,  oxygen,  and  nitrogen.  Some  contain  sulphur, 
phosphorus,  chlorine,  and  metallic  elements  ;  in  fact,  artificially  prepared 
carbon  compounds  may  contain  any  elements  whatever.  Moreover,  even 
those  which  contain  only  a  small  number  of  elements  often  exhibit  great 
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complexity  of  structure,  in  consequence  of  the  accumulation  of  a  large 
number  of  carbon  atoms  in  the  same  molecule. 

Determination  of  Carbon  and  Uydrogen. — ^The  quantities  of  these  elements 
are  determined  by  heating  a  known  weight  of  the  bo<ly  to  be  analyzed  in 
contact  with  some  easily  reducible  metallic  oxide,  black  oxide  of  copper 
being  the  substance  generally  used.  The  organic  body  then  undergoes 
complete  combustion  at  the  expense  of  the  oxygen  of  the  copper  oxide, 
the  carbon  being  converted  into  carbon  dioxide,  and  the  hydrogen  into 
water.  These  products  are  collected  and  their  weights  determined,  and 
from  the  data  thus  obtained  the  quantities  of  carbon  and  hydrogen  pre- 
sent in  the  organic  substance  are  calculated.  When  nothing  but  carbon 
and  hydrogen,  or  those  bodies  together  with  oxygen,  is  present,  one  expe- 
riment suffices  ;  the  carbon  and  hydrogen  are  determined  directly,  and 
the  oxygen  by  difference. 

The  substance  to  be  analyzed,  if  solid,  must  be  carefully  freed  from 
moisture.  If  it  will  bear  the  application  of  a  moderate  heat,  this  desic- 
cation is  very  easily  accomplished  by  a  water-  or  steam-bath :  in  other 
cases,  exposure  at  common  temperatures  to  the  absorbent  powers  of  a  large 
surface  of  oil  of  vitriol  in  the  vacuum  of  an  air-pump  must  be  substituted. 

The  copper  oxide  is  best  made  from  the  nitrate  by  complete  ignition  in 
an  earthen  crucible  ;  it  is  reduced  to  powder  and  reheated  just  before  use, 
to  expel  hygroscopic  moisture,  which  it  absorbs  with  avidity,  even  while 
warm.  The  combustion  is  performed  in  a  tube  of  hard  white  Bohemian 
glass,  having  a  diameter  of  0.4  or  0.5  inch,  and  varying  in  length  from  14 
to  18  inches  :  this  kind  of  glass  bears  a  moderate  red  heat  without  becoming 
soft  enough  to  lose  its  shape.  One  end  of  the  tube  is  drawn  out  to  a  point 
as  shown  in  fig.  160,  and  dosed  ;  the  other  is  simply  heated  to  fuse  and 

Fig.  leo. 
Oopper  oxide.       Mixture.     Copper  oxide. 


soften  the  sharp  edges  of  the  glass.  To  prevent  absorption  .of  moisture 
by  the  copper  oxide  during  the  filling  of  the  tube,  the  oxide,  while  still 
hot,  is  poured  into  a  long-necked  flask  closed  by  a  cork  ;  it  is  then  left  to 
cool,  and  afterwards  mixed  with  the  organic  substance  in  the  combustion- 
tube  itself.  A  small  quantity  of  the  cooled  oxide  is  first  introduced  into 
the  tube,  then  a  portion  of  the  organic  substance  is  added,  and  upon  this 
a  column  of  oxide  about  3  inches  long  is  poured  in  the  same  manner  as 
before.  This  portion  of  oxide  is  mixed  with  the  organic  substance  by  stir- 
ring it  with  a  clean  iron  rod,  the  extremity  of  which  is  bent  into  two 
turns  of  a  screw  ;  and  when  it  is  thoroughly  incorporated,  the  rest  of  the 
substance  is  introduced,  then  another  column  of  oxide  of  the  same  length 
as  before,  and  the  stirring  is  repeated.  Lastly,  the  rest  of  the  tube  is 
filled  with  pure  oxide. 

The  tube  is  then  ready  to  be  placed  in  the  furnace  or  chauffer :  this, 
when  charcoal  is  the  fuel  employed,  is  constructed  of  thin  sheet-iron,  and 
is  furnished  with  a  series  of  supports  of  equal  height,  which  serve  to  pre- 
vent fiexure  of  the  combustion-tube  when  softened  by  heat.  The  chauffer 
is  placed  upon  flat  bricks  or  a  piece  of  stone,  so  that  but  little  air  OAn  enter 
the  grating,  unless  the  whole  be  purposely  raised.  A  slight  inclination 
is  also  given  towards  the  extremity  occupiefl  by  the  mouth  of  the  oombus- 
tion-tube,  which  passes  through  a  hole  provided  for  that  purpose. 
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To  collect  the  water  produced  in  the  experiment,  a  small  light  tabe  of 
the  form  represented  in  fig.  162,  or  a  U-tube,  as  in  fig.  165,  filled  with  frag- 
ments of  spongy  calcium  chloride,  is  attached  by  a  perforated  cork,  thor- 
oughly dried,  to  the  open  extremity  of  the  oombustion-tube.     The  carbon 

Fig.  161. 


dioxide  is  absorbed  by  a  solution  of  cans  tic  potash,  of  specific  gravity  1.27, 
which  is  contained  in  a  small  glass  apparatus  on  the  principle  of  a  Wonlfe's 
bottle,  shown  in  fig.  163.    The  connection  between  the  latter  and  the  cal- 


Fig.  168. 


Fig.  162. 


dum-chloride  tube  is  completed  by  a  little  tube  of  caoutchouc,  secured 
with  silk  cord.     The  whole  is  shown  in  fig.  164,  as  arranged  for  use. 

Fig.  164. 


Drawing  of  the  whole  arrangemeDt. 


The  tightness  of  the  junctions  may  be  ascertained  by  slightly  rarefying 
the  included  air  by  sucking  a  few  bubbles  from  the  interior  through  the 
liquid,  using  the  dry  lips,  or,  better,  a  little  bent  tube  with  a  perforated 
cork  ;  if  the  difference  of  ley  el  in  the  liquid  in  the  two  limbs  of  the  potash 
apparatus  be  preserved  for  several  minutes,  the  joints  are  perfect.  Red- 
liot  charcoal  is  now  placed  around  the  anterior  portion  of  the  combustion- 
tube,  containing  the  pure  oxide  of  copper  ;  and  when  this  is  red-hot,  the 
fire  is  slowly  extended  towards  the  farther  extremity  by  shifting  the  mov- 
able screen  represented  in  the  drawing.  The  experiment  must  be  so  con- 
ducted, that  a  uniform  stream  of  carbon  dioxide  shall  enter  the  potash- 
apparatus  by  bubbles  which  may  be  easily  counted ;  when  no  nitrogen  is 
present,  these  bubbles  are,  towards  the  termination  of  the  experiment, 
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almost  oompletelj'  absorbed  by  the  alkatlne  liqnid,  the  littlu  residue  of  air 
alone  eacaping.  In  tbn  cane  o(  an  azotLzed  body,  an  t)ie  contrary,  Lubbltv 
of  nitrogen  gas  paas  tliruugh  tliu  potash-Bolutiou  during  tlie  whole  pruoi-Hii. 

AVhen  tbe  tube  has  biwn  complutely  bealfld  Trum  «iid  to  end,  and  no 
moru  gas  is  disengaged,  but,  on  tlie  other  band,  absorption  begine  to  be 
evident,  tbe  ooaU  are  removed  from  tlie  farlheat  extremity  uf  tiie  cnrabuB- 
tion-tube,  and  tlie  point  of  the  latter  broken  off.  A  little  air  in  drawn 
through  tlte  whole  apparatus,  by  which  the  remaiuing  carbon  dioxide  and 
watery  vapor  are  Reeured.  The  parts  are,  lastly,  detached,  and  the  cal- 
cium-chloride tube  and  potash -apparatus  re- weighed. 

The  mode  of  heating  the  combustion- tube  with  red-bot  charcoal  is  the 
original  process,  and  is  still  employed  where  gas  is  not  available.  But 
since  the  use  of  coal  gas  lias  been  universally  adopted  in  laboratorii-s, 
mnny  contrivances  have  been  suggested,  by  means  of  which  this  coiivn- 
nietit  fuel  may  be  employed  also  in  organic  analysis.  An  apparatus  of 
this  kind*  is  the  one  represented  in  flg.  ltii>,  in  which  the  oomhmitiun-tub« 

FlB-  IM. 
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less  blue  flame,  which  renders  them  in  a  short  time  incandescent.  The 
construction  of  this  furnace  is  readily  intelligible  by  a  glance  at  figures 
IGG  and  167,  which  exhibit  the  different  parts  of  the  apparatus  in  section, 
fig.  166  representing  a  large  furnace  with  five  rows,  and  fig.  167  a  smaller 
furnace  with  three  rows  of  clay-burners. 

Gas-furnaces  of  simpler  construction,  in  which  the  combustion-tube  is 
heated  by  a  row  of  Bunsen  burners,  are  also  much  used.  Such  a  furnace 
is  that  of  von  Babo,  represented  in  fig.  169. 

The  following  account  of  a  real  experiment  will  serve  to  illustrate  the 
calculation  of  the  result  obtained  in  the  combustion  of  crystallized  sugar  : 

Quantity  of  sugar  employed      ....        4.750  grains. 
Potash-apparatus  weighed  after  experiment       .     781.13 

before  experiment     .     773.82 


N 


(i  i( 


Carbon  dioxide  ....        7.31 


Calcium-chloride  tube  after  experiment     .         .     226.05 
**  before  experiment  .         .     223.30 

Water 2.75 

7.31  gr.  carbon  dioxide  =:  1.994  gr.  carbon  :  and  2.75  gr.  water  ^  0.3056 
gr.  hydrogen  ;  or  in  100  parts  of  sugar,* 

Carbon 41.98 

Hydrogen 6.43 

Oxygen,  by  difference 51.59 

100.000 

When  the  organic  substance  cannot  be  mixed  with  the  copper  oxide  in 
the  manner  described,  the  process  must  be  modified.     If,  for  example,  a 
volatile  liquid  is  to  be  examined,  it  is  inclosed  in 
a  little  glass  bulb  with  a  narrow  stem,  which  is  Fig-  1C8. 

weighed  before  and  after  the  introduction  of  the 
liquid,  the  point  being  hermetically  sealed.  A 
little  copper  oxide  is  put  into  the  combustion- 
tube,  then  the  bulb,  with  its  stem  broken  at  a,  a 
file-scratch  having  been  previously  made  ;  and, 
lastly,  the  tube  is  filled  with  the  cold  and  dry 
copper  oxide.  It  is  arranged  in  the  furnace,  the 
calcium-chloride  tube  and  iK>tash  apparatus  ad- 
justed, and  then  some  6  or  8  inches  of  oxide 
having  been  heated  to  redness,  the  liquid  in  the 
bulb  is,  by  the  approximation  of  a  hot  coal,  ex- 
pelled, and  slowly  converted  into  vapor,  which, 
in  passing  over  the  hot  oxide,  is  completely 
burned.  The  experiment  is  then  terminated  in  the  usual  manner.  Fatty 
and  waxy  substances,  and  volatile  solid  bodies,  as  camplior,  are  placed  in 
little  boats  of  glass  or  platinum. 

Copper  oxide  which  has  been  used,  may  be  easily  restored  by  moisten- 
ing with  nitric  acid,  and  igniting  to  redness  ;  it  becomes,  in  fact,  rather 
improved  than  otherwise,  as,  after  frequent  employment,  its  density  is 

*  The  theoreticAl  composition  of  sugar,  CxsHnaOu,  reckoned  to  100  parts,  gives— 

GarDon "" 42wll 

Hydrofi^cn <«.43 

Oxygen 61.46 

100.00 
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led,  and  its  troubleBome  hygroscopic  powers  diminislied.  For  8ub- 
n  wliicli  iir<^  very  difficult  of  comtiualion,  from  tliu  large  proportion 
boD  tbey  cuntain,  and  for  compounds  into  wiiicli  clilorine  eut«rs  as 
uent,  fused  and  powdered  Itrad  ckroiuate  may  btt  substituted  for 
the  coppur  oxide,  as  it  fruely  gives  up  oxygen  to  combustible  matters.  Bud 
even  evolves,  when  strongly  heated,  a  liltlu  or  that  gas,  which  thus  insures 
the  perfect  combustion  of  the  organic  body. 

Lead  chromate  is,  however,  troublesome  lo  prepare,  and  always  destroys 
the  glass  tulies.  A  more  convenient  method  of  insuring  the  oomplete  com- 
bustion of  substances  whioh  burn  nitb  difficulty  is  to  finish  the  combustion 
in  a  stream  of  oxygen.  This  may  be  etfected  either  by  placing  a  small 
quantity  of  fused  potassium  chlorate  at  the  closed  end  of  the  combustion- 
tube,  or  by  connecting  the  tul>e  with  a  gas-holder  containing  oxygen  gas. 
The  latter  method  is  to  bo  preferred,  as  it  enables  tlie  operator  to  regulate 
the  stream  of  gas  at  his  pleasure,  whereas  the  ignition  of  potassium  chlo- 
rate is  apt  to  give  rise  to  a  rapid  evolution  of  gas,  which  may  force  a  por- 
tion of  liqaid  out  of  the  potash •liul lis  and  render  the  analysis  worthless. 

A  tormof  apparatus  for  supplying  a  stream  of  oxygen  is  represented  in 
flgurs  169.  The  coin  bus  tiun-tu  lie  is  open  at  both  ends,  and  the  end 
farthest  from  the  potas]i-bull>s  and  calcium-chloride  tube  is  connected 
with  two  gas-holders,  one  filled  with  air,  the  other  with  oxygen  gas.   The 

Fig-  !«■ 


oommunication  is  made  by  means  of  a  T-tubc  provided  with  a  stopcock, 
BO  that  either  gas-holdar  may  be  connected  with  the  combustion -tube  and 
the  other  shut  oflf  at  the  same  time.  The  air  and  gxygen,  before  <'ntering 
the  combuBtion-tube,  aro  made  to  pass  through  two  U-tubes,  one  containing 
lumps  of  pumice  snaked  in  sulphuric  acid  to  dry  the  gas,  the  other  coiitaiu- 
ing  lumps  of  caustic  potash  U>  free  it  from  carbonic  acid. 

The  com  bust  ion -tube  may  be  healed  either  with  gas  or  with  charcoal 
(the  figure  represents  a  Babo's  gas  apparatus),  and  the  mixture  may  be 
disposed  in  the  tnbe  in  tlie  way  above  descrilicl — or  better,  in  the  case  of 
difficultly  combustible  boiliea — (he  substance  may  be  placed  by  itself  in  a 
small  boat  of  platinum  or  porcelain.  In  this  case,  the  combustion -tnbe  is 
first  filled  to  two-thirds  of  its  length  with  copper  oxide,  which  need  not  be 
previously  ignited,  the  remaining  third,  nearest  to  the  gas-holder,  being 
left  free  to  reaiive  the  boat.  It  is  then  laid  in  the  furnace,  and  connected 
in  the  manner  just  described  with  the  gas-holder  containing  ntmospherio 
air ;  the  copper  oxide  is  healed  to  redness ;  and  a  stream  of  dry  air  is 
passed  through  the  tube  so  as  to  remove  every  trace  of  nioistnre.  The 
tube  is  then  left  to  cool ;  the  l>oat  containing  the  substance  is  introduced, 
a  plug  of  recently  ignited  asliestos  liaving  been  previously  introduced  to 
prevent  the  copper  oxide  from  coming  in  contact  with  it;  the  calcium- 
chloride  tube  and  potash-bulls  are  attached  in  the  usual  manner ;  and  the 
tube  is  connected  with  the  gas-holder  containing  oxygen.     The  copper 
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oxide  is  now  once  more  heated  to  redness,  and  as  soon  as  it  is  thoroughly 
ignited,  heat  is  very  cautiously  applied  to  the  part  of  the  tube  containing 
the  boat,  a  slow  stream  of  oxygen  being  passed  through  the  apparatus, 
sufficient  to  prevent  any  backward  passage  of  the  gases,  but  not  to  cause 
any  free  oxygen  to  pass  through  the  solution  of  potash.  If  the  oxide  of 
copper  exhibits  a  red  color,  indicating  reduction,  the  heating  of  the  sub- 
stance in  the  boat  must  be  discontinued  till  the  copper  is  reoxidized. 
When  at  length  there  is  nothing  left  of  the  organic  substance  but  black 
charcoal,  the  heat  may  be  increased  and  the  stream  of  oxygen  accelerated. 
In  this  manner  the  combustion  is  soon  completed,  and  when  the  bubbles 
of  gas  appear  to  pass  through  the  potash  without  absorption,  the  process 
is  continued  in  the  same  manner  for  a  few  minutes  longer,  and  the  potash 
bulbs  and  calcium-chloride  tube  are  then  detached,  after  air  has  been 
passed  through  the  apparatus  for  a  little  time  to  displace  the  oxygen. 
Lastly,  the  stream  of  air  is  continued  for  a  sufficient  time  to  effect  the  com- 
plete reoxidation  of  the  copper,  which  is  then  ready,  without  further 
preparation,  for  another  experiment. 

After  the  tube  has  cooled,  the  boat  is  taken  out  and  re-weighed.  If  any 
inorganic  matter  remains  in  it  (as  in  the  case  of  a  salt)  the  quantity  of 
this  is  at  once  ascertained,  if  the  weight  of  the  boat  itself  is  previously 
known. 

As  the  stream  of  hot  gas  is  likely  to  carry  vapor  of  water  with  it  in 
passing  through  the  potash-bulbs,  whence  loss  of  weight  would  ensue,  a 
second  calcium-chloride  tube  is  attached  to  the  potash-bulbs,  as  shown  in 
the  figure,  to  arrest  any  water-vapor  thus  carried  over.  This  tube  is 
weighed,  together  with  the  potash-bulbs,  before  and  after  the  experiment. 

The  method  just  described  is  capable  of  giving  very  exact  results  ;  it 
insures  the  complete  combustion  of  the  carbon,  and  obviates  all  danger  of 
an  excess  of  hydrogen  arising  from  moisture  in  the  copper  oxide.  It  like- 
wise saves  the  trouble  of  igniting  this  oxide  before  the  experiment  and 
afterwards  treating  it  with  nitric  acid.  But  to  insure  a  good  result  espe- 
cial care  must  be  taken  not  to  heat  the  substance  in  the  boat  too  suddenly ; 
otherwise  combustible  gases  will  be  given  off  faster  than  they  can  be  burnt, 
and  the  analysis  will  be  worthless. 

Analysis  of  Azotized  Substances. — The  presence  of  nitrogen  in  an  organic 
compound  is  easily  ascertained  by  heating  a  small  portion  with  solid 
potassium  hydrate  in  a  test-tube  :  the  nitrogen,  if  present,  is  converted 
into  ammonia,  which  may  be  recognized  by  its  odor  and  alkaline  reaction. 

In  determining  the  carbon  and  hydrogen  in  such  bodies,  by  combustion 
with  copper  oxide,  as  above  described,  a  longer  tube  than  usual  must  be 
employed,  and  4  or  6  inches  of  its  anterior  portion  filled  witli  copper- 
turnings  rendered  perfectly  metallic  by  ignition  in  hydrogen.  This  servers 
to  decompose  any  nitrogen  oxides  formed  in  the  process  of  combustion, 
which,  if  suffered  to  pass  off  undecomposed,  would  be  absorbed  by  the 
potash  and  vitiate  the  determination  of  the  carbon. 

The  nitrogen  may  be  estimated  either  by  converting  it  into  ammonia, 
by  igniting  the  substance  with  an  alkaline  hydrate,  as  above  mentioned, 
or  by  evolving  it  in  the  free  state  and  measuring  its  volume. 

1.  By  conversion  into  Ammonia:  Will  and  Varrentrapp's  method. — An  in- 
timate mixture  is  made  of  1  part  caustic  soda  and  2  or  3  parts  quicklime, 
by  slaking  lime  of  good  quality  with  the  proper  proportion  of  strong 
caustic  soda,  drying  the  mixture  in  an  iron  vessel,  and  then  heating  it  to 
redness  in  an  earthen  crucible.  The  ignited  mass  is  rubbed  to  powder  in 
a  warm  mortar,  and  carefully  preserved  from  the  air.  The  lime  is  useful 
in  many  ways :  it  diminishes  the  tendency  of  the  alkali  to  deliquesce, 
facilitates  mixture  with  the  organic  substance,  and  prevents  fusion  and 
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liquefaction.  A  proper  quantitj  of  the  substance  to  be  analyzed,  namely, 
from  5  to  10  grains,  la  dried  and  accurately  weighed  out :  this  is  mixed  in 
a  warm  porcelain  mortar  with  enough  of  the  soda-lime  to  fill  two-thirds 
of  an  ordinary  combustion-tube,  the  mortar  being  rinsed  with  a  little  more 
of  the  alkaline  mixture,  and,  lastly,  with  a  small  quantity  of  powdered 
glass,  which  completely  removes  everything  adherent  to  its  surface ;  the 
tube  is  then  filled  to  within  an  inch  of  the  open  end  with  the  lime-mix- 
ture, and  arranged  in  the  chauffer  in  the  usual  manner.  The  ammonia 
is  oollected  in  a  little  apparatus  of  three  bulbs  (fig.  170),  containing  mode- 
Fig.  170. 


rately  strong  hydrochloric  acid,  attached  by  a  cork  to  the  oombastion- 
tube.  Matters  being  thus  adjusted,  fire  is  applied  to  the  tube,  commencing 
with  the  interior  extremity.  When  it  is  ignited  throughout  its  whole 
length,  and  when  no  gas  issues  from  the  apparatus,  the  point  of  the  tul)e 
is  broken,  and  a  little  air  drawn  through  the  whole.  The  acid  liquid  is 
then  emptied  into  a  capsule,  the  bulbs  rinsed  into  the  same,  first  with  a 
little  alcohol,  and  then  repeatedly  with  distilled  water  ;  an  excess  of  pure 
platinic  chloride  Is  added ;  and  the  whole  evaporated  to  dryness  in  a 
water-bath.  The  dry  mass,  when  cold,  is  treated  with  a  mixture  of  alco- 
hol and  ether,  which  dissolves  out  the  superfluous  platinum  chloride,  but 
leaves  untouched  the  yellow  crystalline  ammonium  platinochloride.  The 
latter  is  collected  upon  a  small  weighed  filter,  washed  with  the  same  mix- 
ture of  alcohol  and  ether,  dried  at  lOOO,  and  weighed  ;  100  parts  corre- 
spond to  6.272  parts  of  nitrogen.  Or,  the  salt  with  its  filter  may  be  very 
carefully  ignited,  the  filter  burned  in  a  platinum  crucible,  and  the  nitro- 
gen reckoned  from  the  weight  of  the  spongy  metal,  100  parts  of  that  sub- 
stance being  equivalent  to  14.18  parts  of  nitrogen.  The  former  plan  is  to 
be  preferred  in  most  cases. 

Bodies  very  rich  in  nitrogen,  as  urea,  must  be  mixed  with  about  an 
equal  quantity  of  pure  sugar,  to  furnish  uncondensable  gas,  and  thus 
diminish  the  violence  of  the  absorption  which  otherwise  occurs  ;  and  the 
same  precaution  must  be  taken,  for  a  different  reason,  with  those  which 
contain  little  or  no  hydrogen. 

A  modification  of  this  process  has  been  suggested  by  Peligot,  which  is 
very  convenient  if  a  large  number  of  nitrogen-determinations  is  to  be 
made.  By  this  plan,  the  ammonia,  instead  of  being  received  in  hydro- 
chloric acid,  is  conducted  into  a  known  volume  (^  to  1  cubic  inch)  of  a 
standard  solution  of  sulphuric  acid  contained  in  the  ordinary  nitrogen- 
bulbs.  After  the  combustion  is  finished,  the  acid  containing  the  ammonia 
is  poured  out  into  a  beaker,  colored  with  a  drop  of  tincture  of  litmus,  and 
then  neutralized  with  a  standard  solution  of  soda  in  water,  or  of  lime  in 
sugar-water,  the  point  of  neutralization  becoming  perceptible  by  the  suddon 
appearance  of  a  blue  tint.  The  lime-solution  is  conveniently  poured  out 
from  an  alkalimeter.  The  volume  of  lime-solution  necessary  to  neutralize 
the  same  amount  of  acid  that  is  used  for  condensing  the  ammonia,  having 
bt*en  ascertained  by  a  preliminary  experiment,  it  is  evident  that  the  dif- 
ference of  the  quantities  used  in  the  two  experiments  gives  the  ammonia 
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collected  in  the  acid  during  the  oombnstion.  The  amount  of  nitrogen  may 
thus  be  calculated.  If,  for  instance,  an  acid  be  prepared,  containing  20 
grains  of  pure  hydrogen  sulphate  (H,S04)  in  1000  grain-measures,  then 
200  grain-measures  of  this  acid — the  quantity  introduced  into  the  bulbs 
—will  correspond  with  1.38  grains  of  ammonia,  or  1.14  grains  of  nitrogen. 
The  alkaline  solution  is  so  graduated  that  1000  grain-measures  will  exactly 
neutralize  the  200  grain-measures  of  the  standard  acid.  If  we  now  find 
that  the  acid,  partly  saturated  with  the  ammonia  disengaged  during  the 
combustion  of  a  nitrogenous  substance,  requires  only  700  grain-measures 

200  X  300 
of  the  alkaline  solution,  it  is  evident  that  — TOOO — ■=*  60  grain-measures 

were  saturated  by  the  ammonia,  and  the  quantity  of  nitrogen  is  obtained 

1.14  X  60 
by  the  proportion — ^200  :  1.14=60  ;  j;,  wherefore  x  ss — o^^a —  «a  0.342 


grain  of  nitrogen. 


2.  By  measurement  as  free  Nitrogen, — ^When  the  nitrogen  exists  in  the 
organic  substance  in  the  form  of  an  oxide,  as  in  nitrobenzene,  CqHj(NO,), 
ethyl  nitrite,  CjH5(N0)0,  etc.,  the  preceding  method  cannot  be  employed, 
because  these  nitrogen  oxides  are  not  completely  converted  into  ammonia 
by  heating  with  alkaline  hydrates :  it  fails  also  in  the  case  of  certain 
organic  bases.  In  such  cases  the  nitrogen  must  be  evolved  in  the  free 
state  by  heating  the  organic  body  with  copper  oxide  ;  and  its  volume  de- 
termined by  collecting  it  over  mercury  in  a  graduated  jar.  There  are 
several  ways  of  effecting  this  :  the  one  most  frequently  employed  is  that 
of  Dumas,  as  simplified  by  Melsens. 

A  tube  of  Bohemian  glass,  28  inches  long,  is  securely  sealed  at  one  end ; 
into  this  enough  dry  acid  sodium  carbonate  is  put  to  occupy  6  inches.  A 
little  pure  copper  oxide  is  next  introduced,  and  afterwards  the  mixture 
of  oxide  and  organic  substances,  the  weight  of  the  latter,  between  4.5 
and  9  grains,  in  a  dry  state,  having  been  correctly  determined.    The 

Fig.  171. 


remainder  of  the  tube,  amounting  to  nearly  one-half  of  its  length,  is 
then  filled  up  with  pure  copper  oxide  and  spongy  metal,  and  a  round 
cork,  perforated  by  a  piece  of  narrow  tube,  is  securely  adapted  to  its 
mouth.  This  tube  is  connected  by  means  of  a  caoutchouc  joint  with  a 
bent  delivery-tube,  a,  and  the  combustion-tube  is  arranged  in  the  furnace. 
Heat  is  now  applied  to  the  further  end  of  the  tul>e,  so  as  to  decompose  a 
portion  of  the  acid  sodium  carbonate,  the  remainder  of  the  carbonate,  as 
well  as  of  the  other  part  of  the  tube,  being  protected  from  the  heat  by  a 
screen,  n.  The  current  of  carbon  dioxide  thus  produced  is  intended  to 
expel  all  the  air  from  the  apparatus.  In  order  to  ascertain  that  this 
object,  on  which  the  success  of  the  whole  operation  depends,  is  accom- 

40* 
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plished,  the  delivery-tube  ia  depressed  under  the  level  of  a  meronrlal 
trough,  and  the  gas,  which  is  evolved,  collected  in  a  test-tube  filled  with 
concentrated  potash-solution.  If  the  gas  l>e  perfectly  absorbed,  or,  if  after 
the  introduction  of  a  considerable  quantity,  only  a  minute  bubble  be  left, 
the  air  may  be  considered  as  expelled.  The  next  step  is  to  fill  a  graduated 
glass  Jar  two-thirds  with  mercury  and  one-third  with  a  strong  solution  of 
potash,  and  to  invert  it  over  the  delivery-tube,  as  represented  in  fig.  171. 

This  done,  heat  is  applied  to  the  tube,  commencing  at  the  front  end, 
and  gradually  proceeding  to  the  closed  extremity,  which  still  contains 
some  uudecom posed  acid  sodium  carbonate.  This,  when  the  heat  at  length 
reaches  it,  yields  up  carbon  dioxide,  which  chases  forward  the  nitrogen 
lingering  in  the  tube.  The  carbon  dioxide  generated  during  the  combus- 
tion is  wholly  absorbed  by  the  potash  in  the  Jar,  and  nothing  is  left  but 
tlie  nitrogen.  When  the  operation  is  at  an  end,  the  Jar,  with  its  contents, 
is  transferred  to  a  vessel  of  water,  and  the  volume  of  the  nitrogen  read 
ofif.  This  is  properly  corrected  for  temperature,  pressure,  and  aqueous 
vapor,  and  its  weight  determined  by  calculation.  When  the  operation 
has  been  very  successful,  and  all  precautions  minutely  observed,  the  result 
still  leaves  an  error  in  excess,  amounting  to  0.3  or  0.5  per  cent.,  due  to 
the  residual  air  of  the  apparatus,  or  that  condensed  in  the  pores  of  the 
copper  oxide. 

A  modification  of  the  process,  by  which  this  error  is  considerably  dimin- 
ished, has  been  devised  by  Dr.  Maxwell  Simpson.* 

The  method  just  described  is  applicable  to  the  estimation  of  nitrogen  in 
the  oxides  and  oxygen-acids  of  nitrogen,  in  metallic  nitrates  and  nitrites, 
and,  in  fact,  to  the  analysis  of  all  nitrogenous  bodies  whatever. 

Analytsis  of  Chlorinated  Compounds. — In  the  case  of  a  volatile  liquid  con- 
taining chlorine,  the  combustion  with  copper  oxide  must  be  very  carefully 
conducted,  and  2  or  3  inches  of  the  anterior  portion  of  the  tube  kept  cool 
enough  to  prevent  volatilization  of  the  copper  chloride  into  the  calcium- 
chloride  tube.     Lead  chromate  is  much  better  for  the  purpose. 

The  chlorine  is  determined  by  placing  a  small  weighed  bulb  of  liquid  in 
a  combustion-tul)e,  which  is  afterwards  filled  with  fragments  of  pure 
quicklime.  The  lime  is  brought  to  a  red  heat,  and  the  vapor  of  the  liquid 
driven  over  it,  when  the  chlorine  displaces  oxygen  from  the  lime,  and 
gives  rise  to  calcium  chloride.  When  cold,  the  contents  of  the  tube  are 
dissolved  in  dilute  nitric  acid,  the  liquid  is  filtered,  and  the  chlorine  pre- 
cipitated by  silver  nitrate. 

Bromine  and  iodine  are  estimated  in  a  similar  manner. 

Analysis  of  Organic  Compounds  containing  i6tW/iAMr.— When  a  body  of  this 
nature  is  burned  with  copper  oxide,  a  small  tube  containing  lead  oxide 
may  be  interposed  between  the  calcium-chloride  tube  and  the  potash  ap- 
paratus, to  retain  any  sulphurous  acid  that  may  be  formed.  It  is  better, 
however,  to  use  lead  chromate  in  such  cases.  The  proportion  of  sulphur 
is  determined  by  oxidizing  a  known  weight  of  the  substance  with  strong 
nitric  acid,  or  by  fusion  in  a  silver  vessel  with  ten  or  twelve  times  its 
weight  of  pure  potassium  hydrate  and  half  as  much  nitre.  The  sulphur 
is  thus  converted  into  sulphuric  acid,  the  quantity  of  which  can  be  deter- 
mined by  dissolving  the  fused  mass  in  water,  acidulating  with  nitrio  acid, 
and  adding  a  barium  salt.  Phosphorus  is,  in  like  manner,  oxidized  to 
phosphoric  acid,  the  quantity  of  which  may  be  determined  by  precipita- 
tion as  ammonio-magnesian  phosphate. 

An  easier  method  of  estimating  sulphur,  phosphorus,  chlorine,  etc.,  in 
organic  compounds,  consists  in  heating  the  substance  with  nitric  acid,  of 
specifip  gravity  about  1»2,  in  a  sealed  tube.     Sulphur  is  thereby,  in  nearly 
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all  cases,  completely  converted  into  sulphuric  acid,  and  may  be  precipi- 
tated by  chloride  of  barium  ;  phosphorus  and  arsenic  are  converted  into 
phosphoric  and  arsenic  acids,  and  may  be  precipitated  as  ammonio-magne- 
sium  salts  ;  chlorine  is  partly  oxidized,  partly  separated  in  the  free  state, 
but  may  be  completely  converted  into  hydrochloric  acid  by  means  of  a  di- 
lute solution  of  sulphurous  acid  or  sulphite  of  sodium,  and  then  precipi- 
tated by  nitrate  of  silver ;  bromine  and  iodine  are  completely  separated  in 
the  free  state,  and  may  be  estimated  in  like  manner ;  lastly,  metals  are 
converted  into  oxides  or  nitrates,  and  may  be  estimated  by  the  ordinary 
methods  of  mineral  analysis. 

This  method  of  oxidation  by  nitric  acid  in  sealed  tubes,  is  likewise  ap- 
plicable to  many  inorganic  compounds,  the  sulphides  of  arsenic,  for  ex- 
ample. 


EMPIRICAL  AND  MOLECULAR  FORMULAE. 

A  chemical  formula  is  termed  empirical  when  it  merely  gives  the  simplest 
possible  expression  of  the  composition  of  the  substance  to  which  it  refers. 
A  molecular  formula,  on  the  contrary,  expresses  the  absolute  number  of 
atoms  of  each  of  its  elements  supposed  to  be  contained  in  the  molecule,  as 
well  as  the  mere  numerical  relations  existing  between  them.  The  empi- 
rical formula  is  at  once  deduced  from  the  analysis  of  the  substance,  reck- 
oned to  100  parts. 

The  case  of  sugar,  already  cited,  may  be  taken  as  an  example.  This 
substance  gives  by  analysis — 

Carbon 41.98 

Hydrogen 6.43 

Oxygen 51.59 

100.00 

If  each  of  these  quantities  be  divided  by  the  atomic  weight  of  the  cor- 
responding element,  the  quotients  will  express  the  relations  existing  be- 
tween the  numbers  of  atoms  of  the  three  elements :  these  are  afterwards 
reduced  to  their  simplest  expression.  This  is  the  only  part  of  the  calcu- 
lation attended  with  any  difficulty.  If  the  numbers  were  rigidly  correct, 
it  would  only  be  necessary  to  divide  each  by  the  greatest  divisor  common 
to  the  whole ;  but  as  they  are  only  approximative,  something  is  of  neces- 
sity left  to  the  judgment  of  the  experimenter. 

In  the  case  of  sugar,  we  have— 

41.98  64.3  51.59 

-y^'=^^M\   -y-  =  6.43;    -jg-=:3.42, 

or  350  atoms  carbon,  643  atoms  of  hydrogen,  and  342  atoms  oxygen.  Now 
it  is  evident,  in  the  first  place,  that  the  hydrogen  and  oxygen  are  present 
nearly  in  the  proportions  to  form  water,  or  twice  as  many  atoms  of  the 
former  as  of  the  latter.  Again,  the  atoms  of  carbon  and  hydrogen  are 
nearly  in  the  proportion  of  12  :  22,  so  that  the  formula  C^H^O,!  appears 
likely  to  be  correct.  It  is  now  easy  to  see  how  far  this  is  admissible,  by 
reckoning  it  back  to  100  parts,  comparing  the  result  with  the  numbers 
given  by  the  actual  analysis,  and  observing  whether  the  difference  falls 
fairly,  in  direction  and  amount,  within  the  limits  of  error  of  what  may  be 
termed  a  good  experiment,  viz.,  two  or  three-tenths  per  cent,  deficieficy  in 
the  carbon,  and  not  more  than  one-tenth  or  two-tenths  per  cent,  excess  in 
the  hydrogen :— 
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Carbon 12  X  12  s  144 

Hydrogen        .        .         .         .      1  x  22  s    22 
Oxygen 16  X  H  =  176 

342 
342  :  144  =  100  :  42.11 
342  :  222  »  100:    6.43 
342  :  176  Bs  100  :  51.46 

To  determine  the  molecular  formula,  several  considerations  must  be 
taken  into  account,  namely,  the  combining  or  saturating  power  of  the  com- 
pound, if  it  is  acid  or  basic ;  the  number  of  atoms  of  any  one  of  its  ele- 
ments (generally  hydrogen)  which  may  be  replaced  by  other  elements ; 
the  law  of  even  numbers,  which  requires  that  the  sum  of  the  numbers  of 
atoms  of  all  the  perissad  elements  (hydrogen,  nitrogen,  chlorine,  etc.) 
contained  in  the  compound  shall  be  divisible  by  2 ;  and  the  vapor-density 
of  the  compound  (if  it  be  volatile  without  decomposition)  which,  in  nor- 
mally constituted  compounds,  is  always  half  the  molecular  weight  (p.  230). 

The  molecular  formula  may  either  coincide  with  the  empirical  formula^ 
or  it  may  be  a  multiple  of  the  latter.  Thus,  the  composition  of  acetic  add 
is  expressed  by  the  formula  CH,0,  which  exhibits  the  simplest  relations 
of  the  three  elements ;  but  if  we  want  to  express  the  quantities  of  these, 
in  atoms,  required  to  make  up  a  molecule  of  acetic  acid,  we  have  to  adopt 
the  formula  C2H4O, :  for  only  one-fourth  of  the  hydrogen  in  this  acid  is 
replaceable  by  metals  to  form  salts,  C^UsKOg,  for  example :  and  its  vapor- 
density,  compared  with  hydrogen,  is  nearly  30,  which  is  half  the  weight  of 
the  molecule,  CsH^O,  es  2x  12  +  4x1  +  2x  16.  Again,  the  empirical  formula 
of  benzene  is  CH ;  but  this  contains  an  uneven  number  of  hydrogen-atoms ; 
moreover,  if  it  expressed  the  weight  of  the  molecule  of  benzene,  the  vapor- 

12-f  1 
density  of  that  compound  should  be  — 5 —  **  ^-^t  whereas  experiment 

shows  that  it  is  six  times  as  great,  or  equal  to  39 :  hence  the  molecular 
formula  of  benzene  is  CgHg. 

Organic  acids  and  salt-radicles  have  their  molecular  weights  most  fre- 
quently  determined  by  an  analysis  of  their  lead  and  silver  salts,  by  burn- 
ing these  latter,  with  suitable  precautions,  in  a  thin  porcelain  capsule, 
and  noting  the  weight  of  the  lead  oxide  or  metallic  silver  left  behind.  If 
the  lead  oxide  be  mixed  with  globules  of  reduced  metal,  the  quantity  of 
the  latter  must  be  ascertained  by  dissolving  away  the  oxide  with  acetic 
acid.  Or  the  lead  salt  may  be  converted  into  sulphate,  and  the  silver 
compound  into  chloride,  and  both  metals  thus  estimated.  An  organic 
base,  on  the  contrary,  has  its  molecular  weight  fixed  by  observation  of  the 
quantity  of  a  mineral  acid  or  organic  salt-radicle,  required  to  form  with  it 
a  compound  having  the  characters  of  neutrality. 

The  rational  and  constitutional  formuls  of  organic  compounds  will  be 
considered  further  on. 

It  is  scarcely  necessary  to  observe  that  the  methods  Just  described  for 
determining  the  empirical  and  molecular  formula  of  an  organic  compound 
from  the  results  of  its  analysis,  together  with  its  physical  properties  and 
chemical  reactions,  are  equally  applicable  to  inorganic  compounds. 
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CLASSIFICATION  OF  ORGANIC  COMPOUNDS.—ORGANIC  SERIES. 

The  classification  of  organic  compounds  is  based  upon  the  quantivalence 
or  atomicity  of  carbon.  This  element  is  a  tetrad,  being  capable  of  uniting 
with  at  most  four  atoms  of  hydrogen  or  other  monatomic  elements.  Methane 
or  marsh  gas,  CH^,  is  tlierefore  a  saturated  hydrocarbon,  not  capable  of 
uniting  directly  with  chlorine,  bromine,  or  other  monad  elements,  but 
only  of  exchanging  a  part  or  the  whole  of  its  hydrogen  for  an  equivalent 
quantity  of  another  monad  element.  It  may,  however,  as  already  explained 
(p.  237),  take  up  any  number  of  dyad  elements  or  radicles,  because  such 
a  radicle  introduced  into  any  group  of  atoms  whatever,  neutralizes  one 
unit  of  equivalency,  and  adds  another,  leaving  therefore  the  combining 
capacity  or  equivalence  of  the  group  just  the  same  as  before.  Accordingly, 
the  hydrocarbon,  CH^,  may  take  up  any  number  of  molecules  of  the  biva- 
lent radicle,  CU^,  thereby  giving  rise  to  the  series  of  saturated  hydro- 
carbons, 

CH4,  CjHq,  ^l^st  ^i^lO    •    •    •    ^n^»n+2* 

A  series  of  compounds,  the  terms  of  which  differ  from  one  another  by 
CH„  is  called  a  homologous  series.  There  are  many  such  series  he- 
sides  that  of  the  hydrocarbons  just  mentioned  ;  thus  methyl  chloride, 
CH3CI,  gives,  by  continued  addition  of  CHj,  the  series  of  chlorides, 

CHjCl,         CjHjCl,         CsH^Cl,         C,H^,C1  .  .  .  C„H.^+iCl ; 

and  from  methyl  alcohol,  CH^O,  is  derived  in  like  manner  the  series  of 
homologous  alcohols, 

CH,0,        C,H,0,        CsHgO,        C,Hi,0  .  .  .  C„H^+gO. 

The  terms  of  the  same  homologous  series  resemble  one  another  in  many 
respects,  exhibiting  similar  transformations  under  the  action  of  given  re- 
agents, and  a  regular  gradation  of  properties  from  the  lowest  to  the  highest ; 
thus,  of  the  hydrocarbons,  C„Hj„+2,  the  lowest  terms  CH^,  C^Hj,  and  CjHg, 
are  gaseous  at  ordinary  temperatures,  the  highest  containing  20  or  more 
carbon  atoms,  are  solid,  while  the  intermediate  compounds  are  liquids, 
becoming  mere  and  more  viscid  and  less  volatile,  as  they  contain  a  greater 
number  of  carbon  atoms,  and  exhibiting  a  constant  rise  of  about  2(P  C.  (3bO 
F.)  in  their  boiling  points  for  each  addition  of  CH,  to  the  molecule. 

The  saturated  hydrocarbons  C^H^n-hiy  ''^^Yi  under  various  circumstances, 
be  deprived  of  two  atoms,  or  one  molecule,  of  hydrogen,  thereby  producing 
a  new  homologous  series, 

CHj,        CjH^,        CgHg,        C^Hg  .  .  .  C^Hj^. 

These  are  imsaturated  molecules,  having  two  units  of  equivalency  uncom- 
bined,  and  therefore  acting  as  bivalent  radicles,  capable  of  taking  up  2 
atoms  of  chlorine,  bromine,  or  other  univalent  radicles,  and  1  atom  of 
oxygen  or  other  bivalent  radicle. 

The  first  term  of  this  last  series  cannot  give  up  2  atoms  of  hydrogen 
without  being  reduced  to  the  atom  of  carbon  ;  but  the  remaining  terms 
may  each  give  up  2  atoms  of  hydrogen,  and  thus  give  rise  to  the  series, 

CjHf,         C3H4,         C^Hj  .  .  .  CqH.^— I, 

each  term  of  which  is  a  quadrivalent  radicle. 
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These  nitrils  have  no  baaio  properties,  bat  are  all  neutral,  except  the 
first,  which  is  a  monobasic  acid,  capable  of  exchanging  its  hydrogen  for 
metals,  and  this  character  may  be  regarded  as  a  compound  of  hydrogen 
with  the  equivalent  radicle  cyanogen  — C=N  ;  it  is  accordingly  named 
hydrogen  cyanide,  or  hydrocyanic  acid,  and  the  other  nitrila 
homologous  with  it  are  the  ethers  of  this  acid ;  thus  : 

Methenyl  nitril,  (CH)N     =  CN.H,  Hydrogen  cyanide, 
Ethenyl  nitril,  (C2H,)N    =  CN.CH,,  Methyl  cyanide, 
Propenyl  nitrU,  (C8U5)N  =  CN.CjHj,  Ethyl  cyanide. 

By  the  combination  of  amines  with  the  chlorides,  hydroxides,  etc.,  of 
alcohol  radicles,  compounds  are  formed  containing  pentad  nitrogen,  and 
having  the  composition  of  ammonium  salts,  in  which  the  hydrogen  is  more 
or  less  replaced  by  alcohol  radicles ;  thus  : 

N(C2H5)H,C1,  Ethylammonium  chloride, 
NCCjHj^^HjCl,  Diethylammouium  chloride, 
NCCjHj^jHCl,  Triethylammonium  chloride, 
N(C,H5)4Cl,  Tetrethylammonium  chloride, 
NCCjHj^^OH,  Tetrethylammonium  hydroxide. 

This  last  compound  and  its  analogues,  containing  methyl,  amyl,  etc.,  are 
powerful  alkalies,  obtainable,  by  evaporation  of  their  aqueous  solution,  as 
white  deliquescent  crystalline  masses  resembling  caustic  potash. 

Analogous  to  the  amines  are  the  phosphines,  arsines,  and  sti* 
bines, — «•  <^*i 

(C,H5),.PH  (C,H,),As  (C,H.)Sb 

Diethyl-phoBphine.       Trietayl-arsiDe.         Triethyl-stibine. 

5.  Alcohols.— Compounds  of  hydrocarbons  with  hydroxyl :  6.  ^., 

C.Hj.OH  C,H4.(0H),  CsHj.COH),*^ 

Ethyl-alcohoL  Ethene  alcohol  Propenyl  alcohol 

(Qlycol).  (Glycerine). 

6.  The  replacement  of  the  hydroxylic  hydrogen  in  an  alcohol  by  hydpcv- 
carbon-radicles  (alcohol-radicles),  or  oxygenated  hydrocarbon  radicles 
(acid  radicles),  gives  rise  respectively  to  oxygen-ethers  and  com- 
pound ethers,  e,g,f 

C-Hj.O.CjHb  C-H-.O.CH,  CjH^O 

Ethyl  oxide.  Ethyl-methyl  Ethene  oxide. 

oxide. 

CjHg.O.CaHjO  ^a^4<CoC2HsO  ^»^*'*CoC*h|o 

Ethyl  acetate.        Ethene  mono-aoetate.        Ethene  dl-acetate. 

7.  Sulphur  and  Selenium  Alcohols  and  Ethers. —Compounds 
analogous  to  the  oxygen  alcohols  and  ethers — ^the  oxygen  being  replaced 
by  sulphur  or  selenium.  The  sulphur  and  selenium  alcohols  are  called 
mercaptans. 

8.  Compounds  of  hydrocarbon  radicles  with  various  elements,  metallic 
and  uon -metallic  :  e.  g., 

NaCjH.  Zn(C,H5),  Sn(CH3)4 

Sodium  ethlde.  Zinc  ethide.  Stannic  methldei 

B(r,H,),  Si(C,H,)4 

Trlethyllo  borlde.  Tetrothylic 

Blllcide. 

Those  containing  metals  are  called  Organo-metallio  Compounds. 
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9.  Aldoliydes . — Compounds  intermediate  between  alcohols  and  acids. 

Thus: 

C,HeO  C,H,0  CjH^O, 

Ethyl  Acetic  Acetic 

alcohol.  aldehyde.  acid. 

10.  Ketones  . — Bodies  derived  from  aldehydes  by  the  replacement  of  1 
atom  of  hydrogen  by  an  alcohol-radicle  ;  e,  g,f 

Acetone,  C,H,0  =  C2Ha(CH3)0. 

« 
Organic  Acids . — ^Compounds  of  oxygenated  radicles  with  hydroxyl ; 

C  JLO.HO  (C,H,0,) .  (IIO),  (C.HjO,) .  (HO), 

Acetic  acid.  Succinic  acid.  Citric  acid. 

The  hydrogen  in  the  radicles  of  these  acids  may  be  more  or  less  replaced 
by  chlorine,  bromine,  nitryl,  amidogen,  etc.  :  thus  from  benzoic  acid, 
C^lljO.OH,  are  derived : 

C^H^CIO.OH  C7H/N0,)0.0H  C.H3(NH2)jO.OH 

Ohlorobenzoio  Nltrobenzoic  acid.  Diamidobenzolc 

acid.  acid. 

11.  Acid  Halides,  also  called  Chlor-anhydrides,  Broman- 
hydridos,  etc. — Compounds  of  oxygenated  radicles  (acid  radicles)  with 
halogen-elements,  and  derived  from  the  acids  by  substitution  of  those 
elements  for  the  hydroxyl ;  e,  g,j 

CjHjO.Cl  CjH^Oj.Clj  CeHjO^.d., 

Acetyl  chloride.       Succlnyl  chloride.        Citryl  chloride. 

12.  Acid  Oxides,  sometimes  called  Anhydrous  Acids  or  Anhydrides ; 
e.g.f 

(c,H,o),o  c,HA.o  c'h'o}^ 

Acetic  oxide.  Succinic  acid.  Aoeti-beuzoio 

oxide. 

13.  Amides.— Compounds  analogous  to  the  amines,  but  containing 
acid-radicles  instead  of  alcohol-radicles :  those  which  contain  bivalent 
radicles  combined  with  imidogen,  NU,  are  called  imides  ;   e,  g,. 


Acetamide,  C|H,O.NH, 
Diacetamide,  (C2H80),.NH 
Succinimide,  C^U^Oj.NU 


Succinamide,  C4H402(NHj), 
Trisucciuamide,  (C^H^Oj),^, 
Citramide,(CoUjO^)N 


Each  of  the  classes  of  carbon  compounds  above  enumerated  may  be 
divided  into  homologous  and  isologous  series,  though  in  most  cases  these 
series  are  far  from  being  complete. 

Further,  organic  compounds  may  be  divided  into  two  great  groups, 
c<alled  the  Patty  and  Aromatic  groups,  each  including  hydrocarbons, 
alcohols,  acids,  bases,  etc.,  those  of  the  first  group  being  derived  from 
methane,  CII4,  and  those  of  the  second  from  benzene,  Cgll^.  The 
corresponding  compounds  in  these  two  groups  are  distinguished  from  one 
another  by  well-marked  characters,  supposed  to  depend  upon  the  arrange- 
ment of  the  oarlx>n-atoms  in  their  molecules. 

The  preceding  classes,  most  of  which  have  their  analogues  amongst 
inorganic  compounds,  include  nearly  all  artificially  prepared  organic 
bodies,  and  the  majority  of  those  produced  in  the  living  organism.  There 
are  still,  however,  many  compounds  formed  in  the  bodies  of  plants  and 
animals,  the  chemical  relations  of  which  are  not  yet  sufficiently  well  made 
41 
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out  to  enable  us  to  classify  them  with  certainty.  Such  is  the  case  with 
many  vegetable  oils  and  resins,  with  most  of  the  alkaloids  or  basic  nitro- 
genized  compounds  found  in  plants,  such  as  morphine,  quinine,  strych- 
nine, etc.,  and  several  definite  compounds  formed  in  the  animal  organism, 
as  albumin,  fibrin,  casein,  and  gelatin. 

Rational  Formula  of  Organic  Compounds. — It  must  be  distinctly  under- 
derstood  that  the  formulae  above  given  are  not  the  only  ones  by  which  the 
constitution  of  the  several  classes  of  organic  compounds  may  be  repre- 
sented. Rational  formulse  liro  intended  to  represent  the  mode  of  formation 
and  decomposition  of  compounds,  and  the  relation  which  allied  compounds 
bear  to  one  another :  hence,  if  a  compound  can,  under  varying  circum- 
stances, split  up  into  different  atomic  groups  or  radicles,  or  if  it  can  be 
formed  in  various  ways  by  the  combination  of  such  radicles,  different 
rational  formulse  must  be  assigned  to  it.  This  point  has  been  already 
noticed  in  connection  with  the  constitution  of  metallic  salts,  and  illus- 
trated especially  in  the  case  of  the  sulphates  (p.  28r));  but  organic  com- 
pounds, which,  for  the  most  part,  contain  larger  numbers  of  atoms,  and 
are  therefore  capable  of  division  into  a  greater  number  of  groups,  afford 
much  more  abundant  illustration  of  the  same  principle.  Take,  for  ex- 
ample, acetic  acid,  the  molecular  formula  of  which  is  C,H^O,.  This  may 
be  resolved  into  the  following  rational  formulse : — 

1.  CjHjOj.H. — ^This  formula,  analogous  to  that  of  hydrochloric  acid, 
Cl.H,  indicates  that  a  molecule  of  acetic  acid  can  give  up  one  atom  of  hy- 
drogen in  exchange  for  a  univalent  metal  or  alcohol-radicle,  forming,  for 
example,  sodium  acetate,  C^HjO^.Na,  ethyl  acetate,  CjU^CCjIis,  etc.;  that 
two  molecules  of  the  acid  may  give  up  two  hydrogen  atoms  in  exchange 
for  a  bivalent  metal  or  alcohol-radicle,  forming  barium  acetate,  {CjUiO^)^^^, 
ethene  acetate,  {C.iHfi^)^'^^!^*)*  ^^^*  >  ^  other  words,  that  acetic  acid  is 
a  monobasic  acid  (p.  2&5). 

2.  CjHjO.HO. — ^This  formula,  analogous  to  that  of  water,  H.IIO,  indi- 
cates such  reactions  as  the  formation  of  acetic  acid  from  acetic  chloride  by 
the  action  of  water  :— 

CjHaO.Cl  +  H.nO  =  HCl  +-  CjH,O.HO. 

3.  CjIIjO.H.O. — ^This  formula,  also  comparable  with  that  of  water,  II.H.O, 
indicates  tlie  conversion  of  acetic  acid  into  acetic  chloride,  by  the  action  of 
phosphorus  pentachloride  : — 

CjHjjO.H.O  +  PCI3.CI,  =  CaHaO.Cl  +  HCl  +  PCI3O ; 

also,  the  formation  of  thiacetic  acid,  CjHjO.II.S,  by  the  action  of  phos- 
phorus pentasulphide  on  acetic  acid  : — 

SCCjHjO.H.O)  +  PA  ==  SCCjHjO.H.S)  +  P,Oj. 

4.  (C,Hj)'".HO.O. — ^This  represents  the  formation  of  acetic  acid  from 
ethenyl  nitril,  (C^U^)'^'Nf  by  heating  with  caustic  alkalies  :— 

(C,H,)N  +  11^-^  }  =  NH,  -h  (C,H0.O.HO . 

Ethenyl         water 
nitril.  water. 

6.  (CO.CHj).HO.— This  formula,  in  which  the  radicle  acetyl,  C,H,0,  is 
resolved  into  carbonyl,  (CO)",  and  methyl,  represents  : — 

«.  The  decomposition  of  acetic  acid  by  electrolysis,  in  which  hydrogen 
is  evolved  at  the  positive  pole,  while  carbon  dioxide  and  ethane,  C|Hg, 
appear  at  the  negative  : — 

2(co.cH,.uo)  =  n,  -f-  c,n«  -f-  2co,. 
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6.  The  production  of  methane  (marsh-gas)  hy  heating  potassium  ace- 
tate with  exoesa  of  potassium  hydroxide  (p.  165). 

C0.CHs.K0,4-     HKO    =     CH^     -f     (CO)".(KO)j. 
PotaBaiam  acetate.    PotasBium     Methane.  PotasBlum 

hydroxide.  carbonate. 

y.  The  production  of  acetone  and  barium  carbonate  bj  the  dry  distilla- 
tion of  barium  acetate  : — 

(CO.CH3)8.BaO,  =  (C0)(CH3),  +  (CO).BaO,. 
Barium  acetate.  Acetone.  Barium 

carbonate. 

Now,  on  comparing  these  several  rational  formulae,  it  will  be  seen  that 
they  are  all  included  under  .the  constitutional  formula, 

H    0 


II— <-'— C— 0— II, 
U 

in  which  the  molecule  is  resolved  into  its  component  atoms,  and  these 
atoms  are  grouped,  as  far  as  possible,  according  to  their  different  equiva- 
lences, or  combining  capacities.  These  constitutional  formulas  are  the 
nearest  approach  to  the  representation  of  the  true  constitution  of  a  com- 
pound that  our  knowledge  of  its  reactions  enables  us  to  give :  but  the 
student  cannot  too  carefully  bear  in  mind  that  they  are  not  intended  to 
represent  the  actual  arrangement  of  the  atoms  in  space,  but  only,  as  it 
were,  their  relative  mode  of  combination,  showing  which  atoms  are  com- 
bined together  directly,  and  which  only  indirectly,  that  is,  through  the 
medium  of  others.  Thus,  in  the  formula  of  acetic  acid,  it  is  seen  that 
three  of  the  hydrogen  atoms  are  united  directly  with  the  carbon,  while  the 
fourth  is  united  to  it  only  through  the  medium  of  oxygen  ;  that  one  of  the 
two  oxygen  atoms  is  combined  with  carbon  alone,  the  other  both  with  car- 
bon and  with  hydrogen ;  and  that  one  of  the  carbon  atoms  is  combined 
with  the  other  carbon  atom  and  with  hydrogen  ;  the  second  with  carbon 
and  with  oxygen.  Abundant  illustration  of  these  principles  will  be 
afforded  by  the  special  descriptions  of  organic  compounds  in  the  following 
pages. 

iBomerlsm. — ^Two  compounds  are  said  to  be  isomeric,  when  they  have 
the  same  empirical  formula  or  percentage  composition,  but  exhibit  different 
properties.  A  few  examples  of  isomerism  are  met  with  amongst  inorganic 
compounds  ;  but  they  are  much  more  numerous  amongst  organic  or  carbon 
compounds. 

Isomeric  bodies  may  be  divided  into  two  principal  groups,  namely : — 

A. — ^Thoso  which  have  the  same  molecular  weight ;  and  these  are  sub- 
divided into : — 

«.  Isomeric  bodies,  strictly  so  called,  namely,  those  which  exhibit 
analogous  decompositions  and  transformations  when  heated,  or  subjected 
to  the  action  of  the  same  reagents,  and  differ  only  in  physical  properties. 
Such  is  the  case  with  the  volatile  oils  of  turpentine,  lemons,  juniper,  etc., 
all  of  which  have  the  composition  r,„H,g,  resemble  each  other  closely  in 
their  chemical  reactions,  and  are  distinguished  chiefly  by  their  odor  and 
their  action  on  polarized  light. 

6.  Me  tamer  ic  bodies,  which,  with  the  same  percentage  composi- 
tion and  molecular  weight,  exhibit  dissimilar  transformations  under  simi- 
lar circumstances.    Thus  the  molecular  formula,  C^H^O,,  represents  three 
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different  bodies,  all  exhibiting  different  modes  of  decomposition  under  the 
influence  of  caustic  alkalies,  viz. : — 

(1)  Propionic  acid,  CjHjO.OH,  which  is  converted  by  caustic  potash,  at 
ordinary  temperatures,  into  potassium  propionate,  CsHgO.OK. 

(2)  Methyl  acetate,  CjHjO.OCH,,  a  neutral  liquid  not  acted  upon  by 
})otash  at  common  temperatures,  but  yielding,  when  heated  with  it,  potas- 
sium acetate  and  methyl  alcohol : — 

CjHjO.OCHs  +  KOH  =  CaHjO.OK  +  CH,.OH. 

(3)  Ethyl  formate,  CHO.OCjHg,  converted  in  like  manner,  by  heating 
with  potash,  into  potassium  formate,  CHO.OK,  and  ethyl  alcohol,  C^IIj-OIl. 

These  three  compounds  may  be  represented  by  the  following  constitu- 
tional formulae,  the  dotted  lines  marking  the-  division  into  radicles  indi- 
cated by  the  rational  formulae  above  given  : — 

H.C  •  H3C  •  H  •        H 

H,C  •  0=C— 0— GH,.         0=C-^— C— CH,. 

I :  :  :      I 

0  =  0— O—H,  .  .        U 

Propionic  acid.  Methyl  acetate.  Ethyl  formfite. 

Another  kind  of  metamerism  is  exhibited  by  the  normal  and  iso-alcohols 
and  their  derivatives,  the  structure  of  which  will  be  explained  hereafter. 

B. — Compounds  which  have  the  same  percentage  composition,  but  diifer 
in  molecular  weight;  such  bodies  are  called  polymeric.  The  most 
striking  example  of  polymerism  is  exhibited  by  the  hydrocarbons  CnHjn, 
all  of  which  are  multiples  of  the  lowest,  namfly,  methene,  CH,.  Another 
example  is  afforded  by  certain  natural  volatile  oils,  which  are  polymeric 
with  oil  of  turpentine,  CioH,g,  and  have  the  formulje,  GjoHj,,  CjoH^g,  etc. 
All  polymeric  compounds  exhibit  regular  gradations  of  boiling  point,  vapor 
density,  and  other  physical  characters,  from  the  lowest  to  the  highest. 
Some  are  chemically  isomeric,  exhibiting  analogous  transformations  nnder 
similar  circumstances,  while  others  are  metameric,  exhibiting  dissimilar 
reactions  under  given  circumstances. 
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1.  Density  and  Specific  Volume. — It  has  been  already  pointed  out 
(p.  228)  that — ^with  a  few  apparent  exceptions  depending  on  decomposi- 
tion or  dissociation  at  high  temperatures — the  densities  of  all  compounds 
in  the  gaseous  state  are  proportional  to  their  molecular  weights  ;  further 
tliat,  taking  hydrogen  as  the  unit,  both  of  density  and  of  atomic  weight, 
the  density  of  any  compound  gas  or  vapor  is  equal  to  lialf  its  molecular 
weight ;  and  consequently  that  the  specific  volume  of  any  compound  gas 
or  vapor — that  is  to  say,  the  quotient  of  its  molecular  weight  by  its  density 
— is  equal  to  2. 

In  the  liquid  and  solid  states  the  relations  between  density  and  mole- 
cular weight  are  less  simple  ;  nevertheless  some  very  remarkable  laws 
have  been  made  out,  depending,  in  the  case  of  solid  bodies,  chiefly  on 
isomorphism  (p.  230). 

In  the  case  of  carbon  compounds,  it  is  principally  with  reference  to  the 
liquid  state  that  general  relations  between  density,  molecular  weight,  and 
atomic  constitution  have  been  discovered. 
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The  specific  volumes  of  liquids  are  comparable  only  at  those  tempera- 
tures for  which  their  vapor-tensions  are  equal,  as  at  the  boiling  points. 
If  the  molecular  weights  are  compared  with  the  densities  at  equal  tempe- 
ratures, no  regular  relations  can  be  perceived  ;  but  when  the  same  com- 
parison is  made  at  the  boiling  points  of  the  respective  liquids,  several 
remarkable  laws  become  apparent.  The  density  of  a  liquid  at  its  boiling 
point  cannot  be  ascertained  by  direct  experiment,  but  when  the  density 
at  any  one  point,  say  at  15.50  C.,  has  been  determined,  and  the  rate  of  ex- 
pansion is  also  known,  the  density  at  the  boiling  point  may  be  calculated. 

The  most  important  of  these  relations  are  the  following  : — 

1.  In  homologous  series  a  difference  of  CH,  in  the  composition  answers 
to  a  difference  of  22  in  the  specific  volume ;  thus  : 

Molecular     Spedfio        Tki«»«.«„«^ 
Weight.     Volume.       Difference. 

Formic  acid,       CHgO,  46  42  I  22 

Acetic  acid,        C^H^O,  60  ^  1  22 

Propionic  acid,  CjH^O,  74  86  \ 

Butyric  acid,     C^HjO,  88  108  1  ^^ 

Valeric  acid,      CsHjoO,  102  130  |  22 

Hence  it  follows  that  the  group  CHj  has  the  specific  volume  22. 

2.  The  substitution  of  1  atom  of  carbon  for  2  atoms  of  hydrogen  makes 
no  alteration  in  the  specific  volume  of  a  liquid  compound : 

Mol.  Wt.    Speoifio  Volume. 
^  Octane,  C^Ej^  114  187 

Cymene,  C^ffiu  1^  187 

Ethylic  ether,  C^HjoO  74  106.8 

Phenol,  CgHjO  94  106.8 

Now,  since  the  specific  volume  of  CHj  is  22,  and  that  of  1  carbon-atom 
is  the  same  as  that  of  2  hydrogen- atoms,  it  follows  that  the  specific  volume 
(or  atomic  volume)  of  carbon   is  11  and  that  of  hydrogen   5.5. 

Calculating  in  a  similar  manner  the  specific  volume  of  oxygen  in 
various  carbon-compounds,  it  is  found  tliat  this  element  has  two  specific 
or  atomic  volumes,  according  as  it  is  united  by  both  its  units  of  affinity 
to  one  carbon-atom,  as  in  the  group  C^O,  in  which  case  its  specific  volume 

is  12.2 ;  or  to  two  different  atoms,  in  methyl  alcohol,  0<^u  ' ,  and  methyl 

ether,   0<^jt*  ,  in  which  case  the  specific  volume  is  7.8.     In  acetic  acid, 

CH, 

,  the  0-atom  which  is  connected  with  a  carbon-atom  alone 
0=C— 0— H 

has  the  specific  volume  12.2,  while  that  joined  to  both  C  and  H  has  the 
specific  volumes  7.8.    If  this  compound  be  represented  as  acetyl-hydroxide, 

'  Ti  f  ^»  or  '  \i  f  ^»  *^**  is  to  say,  as  water  in  which  1  atom  of  hy- 
drogen is  replaced  by  the  radicle  acetyl,  C^HjO,  we  may  say  that  the  spe- 
cific volume  of  the  intra-radical  oxygen  is  12.2,  and  that  of  the  extra- 
radical  oxygen  7.8 

The  specific  volume  of  dyad  sulphur  varies  in  a  similar  manner, 
being  28.6  or  23  accordingly  as  the  sulphur-atom  is  united  to  one  atom  of 
another  element  by  both  its  combining  units,  or  to  two  separate  atoms, 

as  in  thiocarbonic  acid,  „    j-  Sj,  or  S~C<^g     „  ,    where    the    sulphur- 

41* 
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atom  united  with  the  C  alone  has  the  specific  volume  28.6,  and  the  two 
others,  each  of  which  is  connected  both  with  C  and  U,  have  the  specific 
volume  23. 

The  specific  volume  of  nitrogen  in  the  amines,  e.  g,^  HgC — NHj  (me- 
thyl amine),  is  2.3 ;  in  cyanogen-compounds,  17 ;  and  in  nitroxyl,  NO,, 
17.4.  The  specific  volumes  of  the  halo'id  elements  are  the  same  in 
all  their  compounds,  viz.,  CI  =  22.8  ;  Br  ==  2^.8  ;  I  =  37.5. 

From  these  data  the  specific  volumes  of  compounds  may  be  calculated 
with  very  near  approach  to  the  values  directly  obtained  by  dividing  the 
molecular  weights  by  the  specific  gravities.  A  comparison  of  the  observed 
and  calculated  values  of  a  few  compounds  is  given  in  the  following 
table :— 


Formula. 

Specific  YolumeB  at  the  Boiling  Point 

SubBtanoeT 

^^'A 

^^^ 

Gsleulated. 

Quotlei 
Mol. 
by  Sp. 

Water   .     .     . 

H.O 

2X5.5+  7.8 

=    18.8 

18.8 

Methyl  alcohol  CH3.O.H 

11-1-4x5.54-  7.8 

»    40.8   42 

Ethyl  alcohol .  iCjH^.O.H 

2X114-«X5.54.  7.8 

B    62.8 

62.5 
63.? 

Acetic  acid      .   C^HjO.O.H 

2x11+4x5.5+  7.8+12.2 

64 

Acetone      .     .   COCCHg), 

3x11+6x5.54-             12.2 

=    78.2 

77.6 

Butyric  acid    .  C^H^O.OH 

4X11+8X5.5+  7.8+12.2 

a  108 

107 

Ethyl  acetate .   CjUaO.O.CjHj 

4X11+8X5.5+  7.8+12.2 

e=108 

107.6 

Mercaptan .     .  C2II5S.U 

2x11+6x5.5+23 

=    78 

76.1 

Aniline.     .     .   CeHj.NH, 

6X11+7X5.5+  2.3 

=  106.8 

106.8 

Ethyl  cyanide    CjH^.CN 

3x11+5x5.5+17 

=    77.5 

77.2 

Ethyl  nitrate  .  iCxHj.O.NO, 

2x11+5x5.5+17.4+3x7.8 

«=    90.3 

90.1 

Chloroform      .  CHCl, 

11     5X5    +  3.2    2x8 

r=z    84.9 

84.8 

Ethyl  bromide  \CfifiT 

2x11+5x5.5+27.8 

=    77.3 

78.4 

Ethyl  iodide   .  C^H^I 

2x11+5x5.5+37.5 

=    87.0 

86.4 

Melting  Point  and  Boiling  Point. — Solid  carbon-compounds  are  for 
the  most  part  capable  of  melting  without  decomposition,  and  exhibit  fixed 
melting  points.  Many  of  those  which  are  liquid  at  ordinary  temperatures 
boil  and  volatilize  without  decomposition  under  the  ordinary  atmospheric 
pressure,  and  their  boiling  temperatures  are  constant  under  any  given 
pressure.  Many  others,  on  the  contrary,  when  heated  under  the  ordinary 
pressure,  decompose  before  they  boil,  but  some  of  these  are  found  to  boil 
without  decomposition  under  pressures  more  or  less  reduced. 

Generally  speaking,  the  boiling  point  of  a  compound  is  higher  as  its 
constitution  is  more  complex.  This  is  seen  (l)in  polymeric  com- 
pounds :  for  example,  formic  aldehyde,  CHjO,  is  a  gas  ;  but  acetic  acid, 
C^HA,  is  a  liquid  Iwiling  at  1180  C.  (244.40  F.)  ;  lactic  acid,  Cj,Hj()„  boils 
at  200^.  (3920  F.),  but  at  the  same  time  decomposes  to  a  great  extent ; 
and  grape  sugar,  C^Hj^O^,  is  not  volatile  at  all,  but  undergoes  complete  de- 
composition when  strongly  heated. 

2.  In  the  successive  terms  of  a  homologous  series  ,  the  boiling  point 
rising  successively  for  every  addition  of  CH,*    In  some  cases  this  increase 
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is  very  regular :  thus  in  the  series  of  normal  alcohols,*  C„Hgn+xO,  the  suc- 
cessive members,  up  to  the  8-carbon  alcohol,  differ  in  boiling  point  by 
nearly  190  C.  (34.20  p.),  and  in  the  normal  fatty  acids,  C^H^^Oa,  the  dif- 
ference from  the  second  to  the  sixth  term  is  very  nearly  22^,  but  afterwards 
becomes  less ;  as  shown  by  the  following  table  : — 

Alcohols,  GoHte+sO. 

78.40C.  073.10  F.) 
970  c.  (206.GOF.) 
IIGOC.  (240.8  F.) 
1370  c.  (278.60F.) 
156  60  C.  (313.90  F.) 
1770  c.  (350.60  F.) 
190-192OC.  (374-337.60  F.) 
2000  c.  (3920  F.) 

1180C.  (244.40  F.) 
140.60  C.  (2850F.) 
163.20  C.  (325.90F.) 
184.50C.  (364.10F.) 
204.50  c.  (408.20  F.) 
223-2240  c.  (434.2-435.20  p.) 

232-2340C.  (449. 6-453. 20  F.) 
253-2540C  (487.4-489.20  F.) 

In  other  cases,  the  differences  between  the  boiling  x>oints  of  the  succes- 
sive members  of  a  series  decrease  by  a  regular  amount  up  to  a  certain 
term,  beyond  which  they  become  constant.  Thus^  in  the  normal  paraffins, 
C^Hjn-|-j,  the  differences  decrease  regularly  by  about  40  C.  (7.20  F.)  till  a 
constant  difference  of  190  C.  (34.20  F.)  is  attained  ;  thus — 


Ethylic, 

C,H,0 

Propylic, 

c,u,o 

Butylic, 

C,H„0 

Pentylic, 

CsH„0 

Hexylic, 

C,H,»0 

Heptylic, 

C,H„0 

Octylio, 

C,H„0 

Nonylic, 

C,H„0 

Adds, 

Acetic, 

C^Bfi^ 

Propionic, 

C,HA 

Butyric, 

C^HgO, 

Valeric, 

CsH.oOa 

Caproic, 

CeH»0, 

Oenanthylic 

,  C,H,,0 

Rutic, 

^8^10^1 

Pelargonic, 

CjHjgO, 

Boiling  point. 

Difference 

Butane, 

C^HjQ 

10 

Pcntane, 

C,1I„ 

380 

370 

Hexane, 

CeHu 

700 

320 

Heptane, 

^7^16 

990 

290 

Octane, 

^8^18 

1240 

250 

Dodccane, 

C12H3J 

2020 

4xlJ>Q 

Hexdecane, 

^16^84 

2710 

4X15><^ 

In  the  haloid  ethers  and  acetic  ethers  of  the  alcohol-radicles,  CnHan-|-i, 
the  differences  of  boiling  point  decrease  by  about  20,  as  shown  in  the  fol- 
lowing table  : — 


Radicles. 


Methyl, 

Ethyl, 

Propyl, 

Butyi, 

Pentyl, 

Hexyl, 

Octyl, 


CsH} 
OaHr 
O4II9 

OsHii 
C<i«» 
C«H,T 


Chlorides, 
OuHto+iCl. 


12.6^0. 
46  4° 
77. 6^ 
105.0= 

180^" 


64.60F. 
116  6° 
171.7° 
222° 

36GP 


Bromides, 
OnHto+iBr. 


71° 
10040 
128  7° 

199°' 


102.2?F. 
169.8° 
212.7° 
2C3.7° 

890.1° 


Iodides, 
OoH^-J-i  I 


40^. 

72^ 
102^ 
129.6° 
163.4° 
179.4° 
221° 


10I°F. 
161.8° 
216  6° 
206.3° 
808  1° 
864  9= 
429.8° 


Acetates, 


74°C. 

l(^2° 
126  1° 
14S.4° 
168.7° 
107° 


166. 2=F. 

216.6° 

267.2° 

299.1° 

334.6° 

404.6° 


*  Normal  carbon-compounds  are  those  in  which  all  the  carbon-atoms  are  linked 
together  in  a  sing^le  chain,  e.  g.,  normal  butyl  alcohol,  OU3— GUs— OUs— CH^OH. 
(See  HYDBocAEBOsia,  ALCouoLa,  etc.) 
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the  components  being  known)  affords  the  means  of  estimating  the  quantity 
of  each.  For  example,  a  mixture  of  81.3  per  cent,  amyl  alcohol,  Cgili,0, 
and  18.7  ethyl  alcohol,  C^UfO,  was  found  to  have  an  index  of  refraction 

which  gave .  bs  0.4940.    Now  the  mode  of  calculation  above  explained 

d 

gives  for  ethyl  alcohol  '^    as    0.4528,   and  for   amyl  alcohol,   0.5033. 

d 

Hence,  putting  x  and  y  for  the  relative  quantities  of  ethyl  and  amyl  alco- 
hols in  the  mixture,  we  have  the  two  equations— 

X    +    y    =    100 
0.4528  X     +    0.5033  y    =  49.4 : 

whence  x  =s  18.4 ;  y  =:  81.5,  values  agreeing  very  nearly  with  the  quan- 
tities actually  mixed. 

This  method  of  optical  analysis  affords  a  convenient  method  of  deter- 
mining the  proportions  in  which  any  two  substances  are  mixed,  in  cases 
when  a  separation  of  the  two  cannot  easily  be  effected  by  chemical  or 
physical  means,  as  when  they  differ  but  slightly  in  boiling  point,  solu- 
bility, or  other  quality  which  might  otherwise  be  available  for  their 
separation. 

The  composition  of  chemical  compounds  may,  in  many  cases,  be  deter- 
mined in  a  similar  manner. 

In  certain  series  of  carbon  compounds,  viz.,  the  hydrocarbons  of  the 
aromatic  group,  including  benzene,  CgH^,  and  its  homologues — in  the 
series  of  organic  bases  homologous  with  pyridine,  C^UsN,  and  cliinoline, 
CjH^N— and  in  certain  oxidized  essential  oils,  the  refraction-equivalents 
are  found  to  be  considerably  higher  than  those  calculated  as  above  from 
the  values  of  the  elements.  The  deviations  from  the  normal  values  ex- 
hibit a  certain  regularity,  depending  on  the  coniposition,  which,  for  the 
typical  hydrocarbons  of  the  several  series,  may  be  represented  as  follows  :— 

Befraetlon  equivalent. 

Paraffins,               CnH-^-i-,  Normal 
Olefines,                 C„H^ 

Terpenes,               C^H^-4  "  +3 

Benzene  and  its  \  p  „  ,<  \_    a 

homolognes,  J^n"2a-ni  -h    o 

Naphthalene,        CjoHg  "  + 14 

Anthracene,           C^^Hj^  "  +17 

Similar  relations  are  exhibited  by  a  series  of  oxidized  compounds,  dif- 
fering from  one  another  only  in  their  amount  of  hydrogen  : — 

Peppermint  camphor,        Cj^H^O  Normal 

Dihydrate  of  cajeputene,  CioHjgO  " 

Wormwood  oil,                   Cio^ie^  "                +1 

Carvol,                                 CjoHuO  "                -f-    6 

Anethol,                              CjoHuO  "                +13 

Circular  Polarisation. — The  power  of  turning  the  plane  of  polariza- 
tion of  a  ray  of  light  to  the  right  or  to  the  left,  possessed  by  many  carbon 
compounds,  even  in  the  liquid  state  or  in  solution,  has  already  been  men- 
mentioned  in  the  chapter  on  Light  (p.  93),  which  also  contains  a  descrip- 
tion and  figure  of  an  instrument  used  for  measuring  the  amount  of  this 
X>ower.  Substances  possessing  this  power  are  said  to  be  optically 
active,  or  to   possess    optical    rotatory   power,    dextro-,  or 


OPTICAL   PROPERTIES.  491 

l»vo-;  such  are  amyl  alcohol,  turpentine  oil,  camphor,  various  kinds  of 
sugar,  and  several  vegetable  acids  and  alkaloids. 

The  angle  of  rotation  («)  for  any  particular  ray  of  the  spectrum,  the 
line  D,  for  example — produced  by  any  particular  liquid,  is  proportional  to 
the  length  of  the  column  of  liquid  traversed  by  the  ray,  and  to  the  quan- 
tity of  active  substance  contained  in  it;  and  the  quantity  [a],  given  by 
the  expression 

in  which  «  is  the  observed  angle  of  rotation,  i  the  weight  of  substance  in 
1  gram  of  the  solution,  >  the  specific  gravity  of  the  solution,  and  /  the 
length  of  the  colunm  (in  decimeters),  is  called  the  specific  rotatory 
power.     It  is  constant  for  each  substance  at  a  given  temperature. 

For  example,  by  dissolving  11.347  grams  of  grape-sugar  in  88.653  grams 
of  water,  a  solution  is  obtained,  having  a  specific  gravity  of  1.048,  and 
producing  in  a  tube  2  decimeters  long,  a  rotation  of  13. 70.  Hence,  the 
molecular  rotatory  power  of  grape-sugar  is  given  by  the  equation, 

13.7 

^*^  ""  0.11347  X  2  X  1.048  ""  ^'•^• 

The  power  of  circular  polarization  appears  to  depend  on  a  certain  want 
of  symmetry  in  the  molecules  of  the  active  substance,  and  in  crystallized 
bodies  it  is  usually  associated  with  the  existence  of  hemihedral  faces. 
This  connection  is  strikingly  exhibited  by  the  isomeric  bodies,  tartaric 
and  racemic  acid,  C^H^Og.  Racemic  acid,  the  crystals  Qf  which  are  holo- 
hedral,  has  no  action  or  polarized  light ;  but,  by  certain  processes  to  be 
explained  hereafter  (see  Tartaric  Acid),  it  may  be  separated  into  two 
isomeric  acids,  called  dextro-  and  Isevo- tartaric  acids,  the  former  of  which 
(ordinary  tartaric  acid)  turns  the  plane  of  polarization  to  the  right,  the 
latter  to  the  left ;  and  the  crystals  of  these  acids  are  perfectly  similar  in 
form,  excepting  that  they  possess  certain  hemihedral  faces,  occupying 
opposite  positions  on  the  crystal,  so  that  the  two  crystals  are  not  super- 
posible,  but  are  related  to  one  another  like  the  two  hands,  or  the  two  sides 
of  the  face,  or  an  object  and  its  reflected  image.  Moreover,  the  union  of 
these  two  oppositely  active  tartaric  acids  preprodnces  racemic  acid  with 
its  original  properties,  optically  inactive,  and  forming  holohedral  crystals. 

Artificially  prepared  carbon  compounds  are,  for  the  most  part,  active  or 
inactive,  according  to  the  character  of  the  compounds  from  which  they  are 
derived.  Thus  malic  acid,  prepared  by  the  action  of  hydriodic  acid  on 
tartaric  acid,  or  by  that  of  nitrous  acid  on  asparagin  or  on  optically  active 
aspartic  acid,  is  itself  optically  active,  like  the  malic  acid  of  fruits  ;  but 
inactive  aspartic  acid  heated  with  nitrous  acid,  yields  a  malic  acid  which 
has  no  action  on  polarized  light.  Recently,  however,  it  has  been  found 
that  inactive  tartaric  acid  may  be  converted  by  a  strong  heat  into  dextro- 
tartaric  acid. 
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Methane-Derivatives,  or   Fatty  Groap. 

HYDROCARBONS. 

F1B8T  Series,  C„H,^_|-,. — Paraffins.* 

This  series,  as  already  observed,  consists  of  saturated  hydrocarbons. 
The  names  and  formuls  of  the  first  six  are  given  in  the  table  on  page  478  ; 
the  following  terms  may  be  called,  heptane^  octane j  nonane,  decane,  endecane^ 
dodecane,  etc. 

Occurrence  and  Formation, — Many  of  the  paraffins  occnr  ready  formed  in 
American  petroleum  and  other  mineral  oils  of  similar  origin.  They  are 
formed  artificially  by  the  following  processes  : — 

1.  By  the  simultaneous  action  of  zinc  and  water  on  the  alcoholic  iodides 
(p.  479),  compounds  derived  from  these  same  hydrocarl)on8  by  the  substi- 
tution of  one  atom  of  iodine  for  hydrogen. 

Til  is  reaction,  which  appears  to  be  applicable  to  the  formation  of  the 
whole  series  of  paraffins,  is  represented  by  the  general  equation  : — 

2C  H  t  J  +  Zn,  +  2H,0  =  ZnH,0,  -K  Znl,  +  2C„Hjjp+, 
Alconolio  Paraffla. 

iodide. 

As  an  example,  we  may  take  the  formation  of  ethane  from  ethyl 
iodide : — 

2C2HaI  =  Zn,  4-  2H,0  =  ZnH.,Oj  +  Znl,  +  2G2H«. 

2.  All  the  paraffins  may  be  produced  by  heating  the  alcoholic  iodides 
with  zinc  alone.  Generally  speaking,  however,  two  of  these  hydrocarbons 
are  obtained  together,  the  first  product  of  the  reaction  being  a  paraffin 
containing  twice  as  many  carbon  atoms  as  the  alcoholic  iodide  employed  ; 
and  this  compound  being  then  partly  resolved  into  the  paraffin  containing 
half  this  number  of  carbon  atoms,  and  the  corresponding  olefiue,  C^H^  ; 
thus : — 

2C2H.I    4-    Zn    =    Znl,    +     C^Hio 
Ethyl  ioaide.  Quartane. 

and  ^4^10  **    ^t^4    4"     Cg^e 

Q,uartikiie.  Ethane.       Ethane. 

Oenerallv  '""^ 

2C„H,„+,I  +  Zn  =  Znl,    +  C,„H,„+, 

and,  C,„H4„4^  =  C„H,„  +  C„Hj„+, . 

3.  By  the  electrolysis  of  the  fatty  acids  (CqIIjoOj).  For  example,  a  so- 
lution of  potassium  acetate,  divided  into  two  parts  by  a  porous  diaphragm 
yields  pure  hydrogen,  together  with  x>otash,  at  the  negative  electrode,  and 
at  the  positive  electrode  (if  of  platinum)  a  mixture  of  carbon  dioxide 
and  ethane  gases : — 

2C,H^0,    =    2C0,    -I-     CjHe    +     H,. 

*  From  parum  affinU^  Indlcatine  their rhemiciil  indifference.  The  name  paraffin 
h»»8  lonj?  been  applied  to  the  solid  compounds  of  the  series,  on  account  of  this 
character;  and  m«ny  of  the  liquid  compounds  of  the  same  serJos  are  known  com- 
mercially aspar^^n  oilt.  It  is  convenient,  therefore,  to  employ  the  term  paraffin 
as  a  generic  name  for  the  whole  scries. 
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We  may  suppose  that  the  two  molecules  of  acetic  acid  are  resolved  by  the 
current  into  H,  and  C^HjO^,  and  that  the  latter  then  splits  up  into  2C0, 
and  CjHj.     The  general  reaction  is  : — 

2CJ1^0,    +     2C0,    +     C,„-^H^-,    +     H,. 

4.  Some  of  the  paraffins  are  obtained  from  the  acids  of  the  series 
H  Hj„Oj  and  C^fi^u^fiv  ^^  *^^  action  of  alkalies,  which  abstract  cariwn 
dioxide  from  th°)se  acids,  the  hydrocarbon  thus  eliminated  containing  one 
or  two  atoms  of  carbon  less  than  the  acid  from  which  it  is  produced.  In 
this  manner  methane  (marsh-gas)  is  obtained  by  heating  potassium  ace- 
tate with  potassium  hydroxide  (p.  164). 

C,H,0,K    +     HKO    +     COjK,    +     CH^. 

Also,  hexane  and  octane,  by  similar  treatment  of  the  potassium  salts  of 
suberic  acid,  CgHj^O^,  and  sebacic  acid,  CioH|gO^ : — 

G,H,,0,    +     2HK0    =    2C0,K,    +     C«H„ 
Suberate.  Hexane. 

C,oH,«0,K,   +  .  2HK0    =    2C0,Ka    +     CgHjg 
Sebate.  Octane. 

Generally  speaking,  however,  a  farther  decomposition  takes  place,  result- 
ing in  the  formation  of  hydrocarbons  containing  a  smaller  proportion  of 
hydrogen  than  the  paraffins. 

6.  The  paraffins  may  also  be  produced  from  the  oleflnes,  CqIIjo,  by  com- 
bining the  latter  with  bromine,  and  heating  the  resulting  compound, 
C„H^Brj,  with  a  mixture  of  potassium  iodide,  water,  and  metallic  copper. 
The  bromine  compound  is  then  decomposed,  and  the  hydrocarbon,  C^Hj^, 
is  partly  reproduced  in  the  free  state,  partly  converted,  by  addition  of 
hydrogen,  into  a  paraffin. 

6.  Several  of  the  paraffins  are  produced  by  the  dry  or  destructive  distil- 
lation of  butyrates  and  acetates. 

7.  They  are  also  found  amongst  the  products  of  the  dry  distillation  of 
coal,  especially  Boghead  and  Cannel  coal,  and,  as  already  observed,  they 
constitute  the  principal  portion  of  many  mineral  oils,  called  petroleumy 
naphtha,  or  rock-oil,  formed  by  the  gradual  decay  or  decomposition  of  vege- 
table matter  beneath  the  earth's  surface.  By  far  the  largest  quantities 
of  these  oils  are  obtained  from  Canada,  Pennsylvania,  and  other  parts  of 
North  America.  Abundant  petroleum  springs  exist,  also,  on  the  north- 
west of  the  Caspian  Sea,  near  Baku,  at  Rangoon  in  Burmah,  and  in 
various  parts  of  Italy.  Tlie  American  petroleum  consists  almost  wholly 
of  paraffins.  Burmese  tar  contains,  also,  small  quantities  of  hydrocarbons 
belonging  to  other  series,  especially  homologues  of  benzene. 

Properties  and  Reasons  of  the  Paraffins, — ^Methane,  ethane,  propane,  and 
butane  are  gaseous  at  ordinary  temperatures  ;  most  of  the  others  are 
liquids,  regularly  increasing  in  specific  gravity,  viscidity,  boiling  point, 
and  vapor-density,  as  their  molecular  weight  becomes  greater  ;  those  con- 
taining 20  carbon-atoms  or  more  are  crystalline  solids. 

The  paraffins  are  saturated  hydrocarbons,  incapable  of  uniting  directly 
with  monatomic  elements  or  radicles,  but  they  easily  yield  substitution- 
derivatives.  When  subjected  to  the  action  of  chlorine  or  bromine,  they  give 
up  a  part,  or  in  some  cases  the  whole,  of  their  hydrogen  in  exchange  for 
the  halogen  element.  Thus  equal  volumes  of  chlorine  and  methane,  CH^, 
exposed  to  diffused  daylight,  yield  the  compound  CHaCl,  called  chloro- 
m  ethane  or  methylchlorido;  and  by  further  subjecting  this  product 
to  the  action  of  an  excess  of  chlorine  in  direct  sunshine,  it  may  be  succes- 
42 


494  FATTT  GROUP:  HTDBOCABBONS. 

sivcly  converted  into  the  more  highly  chlorinated  oomponnds  CH^Cli, 
CUCI3,  CCI4.  Ethane,  C^U^,  also  yields,  by  a  series  of  processes  to  be  pre- 
sently described,  the  products  C,HgCl,  CjH^Cl,,  C,H,Clg,  CjUjGl^,  C,HC1„ 
and  CjCIq  ;  and  similarly  for  the  other  compounds  of  the  series.  These 
bodies,  which  may  be  regarded  as  compounds  of  chlorine  and  other 
halogen  elemente  with  the  radicles  (CH,)',  (CU,)",  (CH)'",  etc.,  are  called 
haloid  ethers.  When  treated  with  water  or  aqueous  alkalies,  they 
exchange  the  haloid  element  for  an  equivalent  quantity  of  hydroxyl,  (HO), 
thereby  producing  alcohols  (p.  480)  ;  and,  on  the  other  hand,  they  may  be 
formed  from  the  alcohols  by  the  action  of  the  chlorides,  bromides,  and 
iodides  of  hydrogen  or  phosphorus. 

Nitric  acid  attacks  the  higher  members  of  the  paraffin  series,  forming 
nitro-compounds  ;  octane,  CgH,,,  thus  treated,  yields  the  compound, 
CgHifCNO,).  The  lower  paraffins,  on  the  other  hand,  are  not  affected  by 
nitric  acid  ;  but  by  indirect  means  compounds  may  be  formed,  having  the 
composition  of  paraffins  in  which  the  hydrogen  is  more  or  less  replaced  by 
nitril :  for  example,  nitro-metliane,  ClijCNO,)  ;  trinitromeUuine  or  nitrqform, 
CU(NO,)s. 

The  first  three  hydrocarbons  of  the  series,  viz.,  CH^,  CgH,,  C9H3,  exhibit 
exactly  the  same  physical  and  chemical  properties  in  whatever  way  they 
may  be  prepared ;  and  indeed  the  constitutional  formulsB  of  these  bodies, 
viz: 

CH, 

CH,  I 

CH.  CH, 

CH, 

show  that  they  are  not  susceptible  of  isomeric  modifications,  inasmuch  as 
there  is  but  one  way  in  which  the  carbon-atom  in  either  of  them  can  be 
grouped  ;  in  ethane  each  carbon-atom  is  directly  combined  with  three  hy- 
drogen-atoms and  the  other  carbon-atom ;  and  wliether  we  regard  it  as 
ethyl  hydride,  U— OIIjCHj,  or  as  dimethyl,  HjC — Cll,,  this  arrangement 
remains  the  same.  In  propane,  0,11^,  each  carbon-atom  is  directly  com- 
bined with  at  most  two  other  carbon-atoms,  and  there  is  no  other  way  in 
which  the  atoms  can  be  arranged. 

But  if  we  look  at  the  formula  of  tlie  4-carbon  paraffin,  C^Hjo,  we  see  that 
it  may  be  written  in  either  of  the  following  foims  : — 

CH.  H.C^C,. 

CH,  CH 

CH,  CH, 

I 
CH, 

!n  the  first  of  which,  neither  of  the  carbon-atoms  is  directly  united  with 
more  than  two  others,  whereas,  in  the  seoond,  one  of  the  carbon-atoms  is 
directly  combined  with  three  others.  The  first  may  be  represented,  either 
as  propyUmethane,  C  i  CUiCH,CH,  ^  ^  |  CH,C,H,  ^  ^  |  C,H,  ^  ^^  ^  ^.^^^^ 

HgCj.CjHj,  according  to  the  manner  in  which  we  may  suppose  it  to  be  di- 
vided ;  the  seoond  as  trimeihyUmethane^  C  -J  J*     '*•  ,  or  as  isopropyl-methanef 

^rCH(CH,),  ^  the  radicle  CH(CH,) J  being  called  isopropyl,  todistiti- 
gnish  it  from  normal  propyl,  CH,(C,Hg). 
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A  comparison  of  the  modes  of  formation  and  decomposition  of  all  the 
paraffins  which  have  been  obtained  by  definite  reactions  shows  that  they 
may  be  arranged  in  the  four  following  groups  : — * 

1.  Normal  Paraffins,  in  which  each  carbon-atom  is  directly  con- 
nected with,  at  most,  two  other  carbon-atoms,  or  which  contain  the  group 
or  residue  CH,  (metheue),  associated  with  twomonatomio  alcohol-radicles, 
^u^m  + 1»  «•  9'f 

i  CH,  ^CH, 

Dimehthyl-methane,  C  i  CH,    or    HjC<;^ 


.  CjH^  C 

Methyl-propyl  methane,  C  j  C  Hj  or    HjC-*^ 

"2  ^*A^ 


H. 


*a 


2.  laoparaffins,  in  which  one  carbon-atom  is  directly  united  with 
thret  other  carbon-atoms,  or  in  which  the  trivalent  group  or  residue,  CU 
(methenyl),  is  associated  with  three  monatomic  radicles,  C„H,„4i,  c.y., 

Trunethyl-methane  -f  ^^S'^»    or     HC^Ch! 


\CH 


a 


CjHg  .CHjCn, 


Ethyldimethyl-methane,        C  4  (CH,),    or     HC^CH, 


H  \CH 


s 


S.  Neoparaffins,  in  which  one  carbon-atom  is  directly  united  with 
four  other  carbon-atoms,  or,  in  other  words,  with  four  monatomic  radicles, 

cn, 

Tetramethyl-methane,  CCCH,)^        or    HjO— C— CH, 

CH, 
CHoCU* 

Dimethyl-diethyl-methane,  C  {  ^  ^   *  '    or    H3C— C— CH, 

^  (CU,),  I 

CHjCH, 

The  paraffins  of  these  three  classes  are  constructed  on  the  methane  type. 

4.  Mesoparaffins,  in  which  two  methenyl  groups,  having  their  car- 
bon-atoms linked  together  by  one  combining  unit,  are  each  associated  with 
two  monatomic  radicles,  C„H2„-|.i.     These  paraffins  are,  therefore,  con- 

nCHa 
fltructed  on  the  ethane  type,      |       ,  e,g, : 

HCH, 

HC(CHa)g 
Tetramethylethane    .     .     | 

HC(CH3),. 

^  The  paraffins  of  the  first  and  second  class  have  for  some  time  been  dis- 
tinguished as  normal  and  iso-paraffins^  and  Dr.  Odling  has  lately  proposed  to 
distinguish  the  third  class  by  the  prefix  neo  (from  »o?,  new,  as  being  the 
latest  discovered),  and  the  fourth  by  the  prefix  vieso^  intimating  their  in- 

♦  Schorlemmer,  Proceedinga  of  the  Royal  Society,  xvi.  34,  867. 
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termediate  character,  as  associated  with  the  iso-paraffins  in  containing  tho 
residue  CH,  and  with  the  neo-paraffins  in  containing  four  alcohol  radicles.* 
lie  also  suggests  an  abbreviated  notation,  consisting  in  tho  use  of  the  Greek 
letters  0*,  v,  and  /u,  as  indices  of  the  iso-,  ueo-,  and  meso-paraffins  respectively, 
for  example : 

CgHj^  C,HfJ  C,H|4  C,Hi4 

Hexane.  Isohexane.  Neohexane.  Meaohexane. 


HjC 


ten,  "^t^cS  %^  h1I{ch, 


Isomerism  in  the  Substitution-derivatives  of  the  Ihraffins, — It  has  already  been 
stated  that  the  paraffins  can  exchange  one  or  more  of  their  hydrpgen-atotns 
for  various  elements  and  compound  radicles,  CI,  Br,  O,  OH,  NO,,  etc.,  giving 
rise  to  alcohols  and  ethers.  Confining  our  attention  for  the  present  to  tho 
monatomio  derivatives,  that  is  to  say,  those  in  which  1  atom  of  hydrogen 
is  replaced  by  a  univalent  radicle  X,  it  is  obvious  that  the  first  two  hydro- 
carbons of  the  series 

CH, 
Cn^te+s)  '^•}  CH^  and  I       ,  can  each  give  rise  to  only  one  derivative 

oontaining  any  particular  monatomic  radicle,  these  derivatives  being  re- 
spectively represented  by  the  formulas— 

CH, 
CH,X        and         I 

GH,X 

for  supposing,  as  is  most  probable,  that  all  the  hydrogen-atoms  have  the 
same  value,  and  are  attached  to  their  respective  carbon-atoms  in  the  same 
way,  the  result  of  the  substitution  must  be  the  same,  whichever  of  these 
hydrogen-atoms  may  be  thus  replaced.  But  with  all  the  paraffins  contain- 
ing more  than  two  atoms  of  carbon,  the  case  is  different.  Thus,  in  propane, 
CH3 — CHj — CHj,,  the  substitution  may  take  place  either  in  one  of  the  ex- 
terior groups  CH3,  or  in  the  middle  group  CH,,  giving  rise  to  two  deriva- 
tives of  different  structure,  distinguished  by  the  terms  primary  and 
secondary,  viz., 

Primary.  Secondary. 

CH,X  CH, 

I  I 

CH,  CHX 

CH,  CH, 

In  the  primary  derivative,  the  carbon  atom  joined  to  the  radicle  X  is 
connected  immediately  with  only  one  other  carbon  atom ;  in  the  secondary 
derivative,  it  is  linked  to  two  other  carbon  atoms.  These  are  the  only 
possible  modifications  of  a  monatomic  derivative  of  the  3-carbon  paraffin, 
C3U, ;  they  may  be  more  shortly  represented  by  the  formula 

<cn,x  ^CH, 

HXC<^ 
CH,  ^KJH,. 

*  Philoaophioal  Magazine  [5],  i.  206. 
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The  4-carbon  paraffin,  butane,  admits  of  a  greater  number  ol  modes  of 
substitution.  In  the  first  place,  the  hydrocarbon  itself  is  susceptible  of 
two  modifications,  viz  : — 

CHg— CH,— CH,— CH,  CH3— CH< 

Noraial  butane.  Trimethyl-methane. 

From  the  first  may  be  formed  one  primary  and  one  secondary  derivative, 
these  terms  having  the  meaning  above  explained ;  while  the  second  yields 
another  primary  derivative,  and  likewise  a  tertiary  derivative,  in  which 
the  carbon  atom  joined  to  the  radicle  X  is  Joined  also  to  three  other  atoms 
of  carbon.  These  four  derivatives  are  represented  by  the  following 
formulsD  :-^ 

{Normal  CH,—CH,—CHf-CH,X    or      HgCJ^*^*^ 
l^        H,C^CH-^H,X  or       HC{^«.J^ 

Secondary,  CH,— CHX— CH,— CH,     or    HXci^'y* 

C  CH 
Tert  ^>CX— CHj  or       Xc|ch| 

The  two  primary  derivatives  are  distinguished  by  containing  the  radicles 
normal  propyl,  CH, — CH, — CH, —  and  isopropyl  ---CH(CHj)j  respectively. 

Of  the  four  monatomic  butane  derivatives,  the  normal  primary  and  the 
secondary  are  derived  from  normal  butane,  the  iso-primary  and  the  ter- 
tiary from  isobutane. 

The  higher  paraffins  yield  a  larger  number  of  monatomic  derivatives 
according  to  the  nature  of  the  radicles  which  enter  into  their  constitution  ; 
in  other  words,  according  as  they  are  either  normal,  i,  «.,  have  all  their 
carbon  atoms  in  a  single  chain,  or  contain  one  or  more  isopropyl  groups, 

HC<^„*  ;    but  these  derivatives  must  all  be  either  primary,  secondary, 

or  tertiary  ;  for  the  carbon  atom  joined  to  the  radicle  X,  liaving  one  of  its 
combining  units  thus  disposed  of,  has  only  three  remaining,  and  cannot 
therefore  be  joined  to  a  number  of  other  carbon  atoms  greater  than  three. 
In  other  words,  the  replacement  of  an  H-atom  by  the  radicle  X  must  take 
place  either  in  a  methyl  residue,  CH„  a  methene  residue,  CHj,  or  a  me- 
thenyl  residue,  CH,  producing  respectively  a  primary,  secondary,  or  ter- 
tiarv  derivative. 


Dr.  Odling  denotes  the  secondary  and  tertiary  derivatives  by  the  pre- 
fixes pseuffo  and  too,  distinguishing  also  the  latter  by  the  index  x,  and 
the  former  by  the  indices  «•  and  ^f-,  according  as  they  contain  a  normal  or 
an  iso-radicle,  thus — 

Peotyl  (OsHu).  laopentyl  (CjHj;).       Neopentyl  (GjHj'j). 

Primary,         H,C  { W  ^^  ( ^|*^  ^  |  ChJ 


(CH, 
Paeudopentyl  (0»H*).        PBcndi^opentyl  (OsH^). 

{rt  TT  I  CHX.CH3 

plf  T  HC I  CH- 

^"»  (CH, 

42*  ^       ' 


CH, 
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Eatapentyl  (C»h;^). 

Kata        .        .     XC^CHj 

(CH, 


We  now  proceed  to  describe  the  more  important  of  the  individual 
paraffins. 

Methane,  CH4,  also  called  Methyl  hydride  and  Marsh-gas^  is  formed 
by  passing  a  mixture  of  hydrogen  sulphide  and  vapor  of  carbon  disul- 
phide  over  red-hot  copper  : — 

2HaS  +  CSa  +  4Cug  r=  CH^  +  4Cu,S ; 
also,  by  the  action  of  water  on  zinc-methyl : — 

ZnCCHg),  +  H,0  =  2CH^  +  ZnO. 

The  easiest  method  of  preparing  it,  however,  is  to  heat  a  mixture  of 
dry  sodium  acetate  and  soda-lime  (p.  165): — 

CH,  H  ^ 

Methane  is  also  produced  in  the  slow  decay  of  vegetable  substances,  and 
is  found  in  coal  mines  as  fire-damp,  also  in  marshes  and  stagnant  pools, 
from  which  it  may  be  evolved  as  gas  by  stirring  the  mud.  Lastly,  it  is 
formed  by  the  dry  distillation  of  various  organic  substances,  and  forms 
the  chief  constituent  of  coal-gas. 

Methane  is  a  colorless  inodorous  gas  which  bums  with  a  yellow  flame, 

producing  water  and  carbon  dioxide.     Its  density  compared  with  hydrogen 

as  unity  is  8,  showing  that  the  molecule  CH.  has  the  normal  2-volume 

12 -f  4X1 
condensation,  s ^  ^'    When  a  mixture  of  equal  volumes  of 

methane  and  chlorine  is  exposed  to  sunshine,  an  explosion  takes  place, 
hydrogen  chloride  being  formed,  and  carbon  separated ;  but  in  diffused 
daylight  the  action  goes  on  slowly,  and  substitution  products  are  formed, 
viz.,  monochloromethane  or  methyl  chloride,  CH3CI,  and  with  excess  of 
chlorine,  also  the  compounds,  CHjCl,  and  CHClj. 

Ethane,  C,H,  or  H3C — CH;,. — This  compound,  which  may  also  be  re- 
garded as  dimethyl^  or  as  ethyl  hydride j  C2H5.H  (p.  494),  is  formed  by  the 
general  reactions  already  indicated  (p.  492),  viz.,  by  the  action  of  zinc  and 
water  on  ethyl  iodide ;  of  zinc  alone  on  the  same  compound,  and  on  methyl 
iodide;. and  by  the  electrolysis  of  acetic  acid,  or  rather  of  its  potassium 
salt.  lit  may  be  prepared  in  the  pure  state  by  decomposing  zinc-ethyl  with 
water,  or  more  easily  by  heating  acetic  anhydride  with  barium  dioxide  :•— 

2(C,H30),0  +  BaO,  =  C^H,  +  (CaH,0,),Ba  +  2C0,. 

Ethane  is  a  colorless  and  inodorous  gas  which  has  not  been  liquefied.  It 
is  nearly  insoluble  in  water,  soluble  in  about  two-thirds  of  its  volume  of 
alcohol.  Mixed  with  an  equal  volume  of  chlorine,  and  exposed  to  diffused 
daylight,  it  forms  chlorethane  or  ethyl  chloride,  C,HjCl ;  with  excess  of 
chlorine  higher  substitution  products  are  formed. 
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Propane,  €311,  =  CH3 — Clij — CH,,  also  called  Methyl-ethjl,  is  one  of 
the  constituents  of  petroleum,  and  may  be  produced  by  the  action  of  zinc 
and  hydrochloric  acid  on  propyl  iodide  or  isopropryl  iodide.  It  is  a  gas 
which  liquefies  at  —  20O  C.  ( — 4P  F.),  and  cUssolves  in  one-sixth  of  its 
volume  of  alcohol. 

Bntanes,  CiHjo. — Of  these  compounds,  also  called  tetranes  or  guar- 
tanea,  there  are  two  modifications,  viz. : — 

CHj— CHj— CH2— CHj  CHjj— CH^_  riir' 

Normal  butane.  Isobutane  or  Trimethyl-methane. 

1.  Normal  butane^  Diethyl^  or  Methyl-propyl,  occurs  in  natu- 
ral petroleum,  and  in  the  distillation-products  of  Cannel  and  Boghead  coal. 
It  may  be  formed  synthetically  by  heating  ethyl  iodide  to  lOQO  in  sealed 
tubes  with  zinc : 

2C,H5l  +  Zn  =  ZnIg  -f  C.Hip. 

It  is  a  colorless  gas,  which  condenses  below  (P  to  a  liquid  boiling  at  +  1. 
Mixed  with  an  equal  volume  of  chlorine,  and  exposed  to  light,  it  yields  butyl 
chloride  and  other  substitution-products. 

Isohutaney  Trimethyl-methane,  or  Methyl-isopropyl ,  is  formed 
from  tertiary  butyl  iodide,  (CH,)3CI  (p.  497),  by  the  action  of  zinc  and 
hydrochloric  acid.     It  is  a  gas  which  liquefies  at  — 17©  C.  (1.40  F.). 

Pentanes,  CjHi,. — Of  these  hydrocarbons  there  are  three  modifica- 
tions, viz. : — 

1.  Normal  Pentane         .        .    CHg— CHj— CHj— CH,— CH, 

2.  Isopentane.        .        .        .    CHj— CH,— CH<;^]^» 

3 


3.  Neopentone        .        .        .    h'c>^  "^H* 


1.  Normal  Pentane,  or  Ethyl-propyl,  CjHj — CjHy,  occurs  in  pe- 
troleum, and  in  the  light  oils  of  Boghead  and  Cannel  coal,  but  has  not 
been  prepared  synthetically.  It  is  a  liquid  of  specific  gravity  0.6,  and 
boiling  at  37-390  C.  (98.6Q-102.3O  F.).  On  passing  chlorine  into  its  vapor, 
a  primary  and  a  secondary  chloride  are  formed,  from  which,  by  a  reaction 
to  be  hereafter  described,  the  corresponding  alcohols  may  be  prepared. 

2.  Isopentane  likewise  occurs  in  petroleum,  and  may  be  prepared  by 
dehydration  of  isopentyl  alcohol  (ordinary  amyl  alcohol),  or  by  heating 
the  corresponding  iodide  with  water  and  zinc. 

3.  Neopentane,  or  Tetramethyl-methane,  is  formed  by  the  action 
of  zinc-methyl  on  tertiary  butyl  iodide  : — 

2C(CH,),I  +  Zn(CH,),  =  Znl,  -f  2C(CH3),. 

It  is  a  colorless  mobile  liquid,  which  boils  at  9.50  C.  (48.60  F.),  and  solidifies 
at  — 200  C.  ( — 40  F.)  to  crystals  resembling  sal  ammoniac. 

Hexanes,  CgHj^. — Of  these  paraffins,  five  are  possible,  and  four  are 
known : — 

1.  Normal  Hexane    .    CHj— CH,— CH^— CH^— CH,— CH, 
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CH3— CHj— CH,-.CH<^2* 


2.  Isohexane, 


3.  Neohexane  .        .     h'c^^^M^H* 

HC(CH,), 

4.  Mesohexane.  | 

HC(CH,), 

1.  Normal  Hexane^  or  Dipropyl,  occurs  in  the  light  oils  of  Bog- 
head and  Cannel  coal,  and  abundantly  in  Pennsylvanian  petroleum.  It  is 
formed  by  the  action  of  sodium  on  normal  propyl  iodide,  or  by  that  of  zinc 
and  hydrochloric  acid  on  secondary  hexyl  iodide ;  also  by  distilling  suberic 
acid  with  barium  oxide : — 

CsHuO^  +  2BaO  =  2C08Ba  +  C^Hj^. 

It  has  a  density  of  0.63  at  170  C.  (62.(jO  p.),  and  boils  at  70-710  C.  (1580 
-159.80  F.). 

2.  Isohexanej  Propyl-dimethyl-methaney  or  Ethyl-isohutyl,  is 
formed  by  the  action  of  sodium  on  a  mixture  of  ethyl  iodide  and  isobutyl 
iodide,  CH,I— CH(CH,)g.  It  has  a  density  of  0.702  at  OO,  and  boils  at 
920  C.  (143.60  F.). 

3.  Neohexane^  or  Eihyl-trimethyl'methane,  produced  by  the 
action  of  zinc-methyl  on  tertiary  butyl  iodide,  boils  at  450  C.(  1130  F.). 

4.  Mesohexane,  or  Di-iaopropyl,  formed  by  the  action  of  sodium 
on  isopropyl  iodide,  IHC(CH,)„  has  a  density  of  0.677  at  OO,  and  boils  at 
580  C.  (136.40  F.). 

Heptanes,  CfHjf.  Of  these  hydrocarbons  nine  are  possible  and  four 
are  known,  viz. : 

1.  Normal  heptane ,  CH3 — (CH2)5 — CH3,  is  contained  in  Pennsyl- 
vanian petroleum,  and  in  the  light  oils  of  Boghead  and  Cannel  coal,  and 
may  be  formed  by  distilling  azelaic  acid,  CgHj^O^,  with  barium  oxide.  It 
has  a  density  of  0.712  at  I60  C.  (6O.8OF.),  and  boils  at  980  C.  (208.4O  p.). 

2.  Ethyl-isopentyly  or  Ethyl-amyl,  CHj.CHj.CHj.CHj.CHCCHj),,  a 
variety  of  isoheptane,  is  formed  by  the  action  of  sodium  on  a  mixture  of 
ethyl-iodide  and  isopentyl  iodide : 

C2H5I  +  CHjI.CH^.CHCCHj)^  +  Na,  =  2NaI  +  CjHj.CHj.CH^.CHCCH,),. 

It  has  a  density  of  0.683  at  I80  C.  (64.4©  P.),  and  boils  at  90O  C.  (1940  p.). 

3.  Triethyl-methane,  CH3— CHj— CH<^|j[2— CHj^    another    variety 

of  isoheptane,  is  formed  by  the  action  of  zino-cthyl  on  orthoformic  ether 
(see  FofiMic  Ethers). 

2CH(0a,H,),    +     3Zn(C2He),    =    3Zn(OC,H0,    +     2CH(C,H5)3. 
Orthoformic  ether.  Zlnc-efhyi.  Zlno-ethyUte.  Trlethyl-methane. 

4.  Dimethyl-diethyl-methane,     or     Neoheptane, 

tt'*p2>  C  <Cy^tt* rtj',  is  formed  by  the  action  of  zinc-ethyl  on  acetone 

chloride,  (CH3)jrri.^ "    It  has  a  density  of  0.689  at  270  C.  (80.60  p.),  and 
boils  at  960  C.  (204.8©  p.). 
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The  higher  paraffins  have  heen  but  little  examined.  Normal  octane, 
CgH,g,  boiling  at  1240  C.  (255. 20  F.),  and  having  a  density  of  0.703,  occurs 
in  petroleum,  and  is  formed — (1)  by  the  action  of  zinc  and  hydrochloric 
acid  on  normal  octyl  iodide  ;  (2)  by  the  action  of  sodium  on  normal  butyl 
iodide;  hence  it  may  be  regarded  as  di butyl,  C^H^.C^Hg. — Di-isobutyl^ 
(CH3)jCH— CHj— CH,— CH(CH3)„  obtained  by  the  action  of  sodium  on 
iaobutyl  iodide,  has  a  density  of  0.705,  and  boils  at  109O  C.  (228.20  F.). 

Di'isopentyl,  CiqH,,,  obtained  from  the  iodide  of  isopentyl  (ordinary 
amyl),  has  a  density  of  0.770,  and  boils  at  1580  C.  (316.40  F.). 

The  paraffins  of  the  higher  orders  are  found,  together  with  those  already 
mentioned,  in  natural  petroleum,  and  in  the  light  oils  obtained  by  the 
action  of  heat  on  various  kinds  of  coal,  especially  Boghead  and  Cannel 
coal. 

In  most  of  these  products,  however,  they  are  mixed  with  hydrocarbons 
belonging  to  other  series ;  and  to  separate  them  from  these,  the  crude 
petroleum  or  coal-tar  oil  is  mixed  with  strong  sulphuric  acid,  which  re- 
moves the  defines  and  other  non-saturated  hydrocarbons,  and  afterwards 
with  fuming  nitric  acid,  or  a  mixture  of  strong  nitric  and  sulphuric  acids. 
The  hydrocarbons  of  the  benzene  series,  and  all  other  compounds  except 
the  paraffins,  are  thereby  oxidized  or  converted  into  nitro-compounds, 
which  are  either  dissolved  by  the  acid,  or  are  much  less  volatile  than  the 
hydrocarbons.  The  oils  are  then  washed  with  water,  dried  over  caustic 
potash,  and  rectified  over  sodium.  The  distillate  thus  obtained  consists 
wholly  of  paraffins,  which  are  separated  by  fractional  distillation. 

When  thus  purified  the  petroleum  and  coal-oil  paraffins,  which  boil  be- 
tween OO  and  130O  C.  (2660  F.)  are  found  to  consist  of  two  series  ;  those 
of  the  first  series,  which  have  the  higher  boiling  points,  being  normal, 
while  those  of  the  second  agree  for  the  most  part  in  boiling  point  with  the 
corresponding  synthetically  prepared  isoparaffins.  The  boiling  points  of 
the  two  series  are  as  follows  :— 

Normal.  Iso. 

Butane,  C^Hjo  OO  C.  (320  F.)  

Pentane,  C^H,,  380       100.40  30O  C.  (  860  F.) 

Hexane,  CgH,^  690       156.20  61©         141.8* 

Heptane,  C^Hja  980       208.4P  910        195.8 

Octane,  CgH,^  1240       255.20  1180        244.4 

The  boiling  x>oints  and  specific  gravities  of  the  higher  paraffins  of  un- 
known structure,  obtained  ^om  the  same  sources,  are  as  follows  : — 

Boiling  point.  Si)eciflc  graTity. 

Nonane,  C^  E^  13(5— 1380  C.  (276.3— 280.20  p.)     0.741  at  150  c. 

Decane,  C^oHj,  160— 1620        320    — 323.60  0.757  "  150 

Endecane,  C^Hj^  180— 1840         356    —363.20  0.765  "  16© 

Dodecane,  C„H«  196— 200O        384.8— 392P  0.776  "  20O 

Tridecane,  C„H„  216— 2180        420.8— 4210  0.792  "  20© 

Tetradecane,  C^Hj^  236— 240O        456.8 — 4640  .... 

Pentadeoane,  C^Hj,  256— 260O        490    — 500O  

American  petroleum  likewise  yields  a  quantity  of  liquid  boiling  above 
300O,  and  doubtless  containing  paraffins  of  still  higher  order.  Some  spe- 
cimens of  the  crude  oil,  as  it  issues  from  the  ground,  contain  ethane,  C^Hg, 
and  propane,  CaHg,  which  are  given  off  from  it  as  gas  at  ordinary  tempera- 
tures. In  boring  for  oil  also,  large  quantities  of.  gas  escape,  exhibiting 
the  characters  of  methane :  hence,  it  is  probable  that,  in  the  great  geo- 
logical changes  which  have  given  rise  to  the  separation  of  the  petroleum, 
the  whole  series  of  paraffins  have  been  formed,  from  marsh-gas  upwards. 
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Solid  paraffin  is  a  colorless  crystalline  fatty  substance,  probably  con- 
sisting of  a  mixture  of  several  of  the  higher  members  of  the  series  C^H^Q-f.^. 
When  heated  for  some  time  in  a  sealed  tube,  it  is  resolved,  with  little  or 
no  evolution  of  gas,  into  a  mixture  of  olefines  and  paraffins  of  lower  mole- 
oiilar  weight,  which  remain  liquid  at  ordinary  temperatures.  This  trans- 
formation is  easily  understood :  the  hydrocarbon,  C^oH^,!  for  example, 
might  be  resolved  into  C^H,, -f-  C,ftHj^,  or  CgHj^-f-  C^H^,  or  C,Hm+  CuH^, 
etc.,  the  general  equation  of  the  decomposition  being, 

Paraffin.  Paraffin.  Oleflne. 

The  product  a«!tually  obtained  is  a  mixture  of  several  paraffins  and  several 
olefines.* 

Paraffin  is  found  native  in  the  coal-measures,  and  other  bituminous 
strata,  constituting  the  minerals  known  as  fossil  wax,  ozocerite,  hatchetlin, 
etc.  It  exists  also  in  the  state  of  solution  in  many  kinds  of  petroleum, 
and  may  be  separated  by  distilling  off  the  more  volatile  portions,  and  ex- 
posing the  remainder  to  a  low  temperature.  In  a  similar  manner  also  may 
solid  paraffin  be  obtained  from  the  tar  of  wood,  coal,  and  bituminous  shale. 
It  was  first  prepared  by  Reichenbach  from  wood-tar.  It  is  tasteless  and 
inodorous,  insoluble  in  water,  slightly  soluble  in  alcohol,  freely  in  ether, 
and  miscible  in  all  proportions,  when  melted,  with  fixed  or  volatile  oils. 
It  burns  with  a  very  bright  flame,  and  those  varieties  of  it  which  melt  at 
temperatures  above  450  C.  (1130  F.)  are  very  hard,  and  well  adapted  for 
making  candles.  Paraffin  is  largely  used  also  as  a  substitute  for  sulphur 
for  dipping  matches ;  and  Dr.  Stonhouse  has  patented  its  application  to 
woollen  cloths,  to  increase  their  strength  and  make  them  waterproof. 
More  extensive,  however,  are  the  uses  of  the  liquid  compounds  of  the 
paraffine  series,  known  in  commerce  as  paraffin  oil,  photogene,  solar  oil, 
eupione,  etc.  These  oils  are  largely  used  for  burning  in  lamps  ;  and,  when 
mixed  with  fatty  oils,  such  as  rape  and  cotton-seed  oils,  form  excellent 
materials  for  lubricating  machinery.  For  the  former  purpose  they  are 
exceedingly  well  adapted,  as,  with  a  proper  supply  of  air,  they  give  a 
much  brighter  light  tlian  that  obtained  from  fatty  oils  containing  oxygen, 
and  are*  much  cleaner  in  use. 

It  is  necessary  to  observe,  however,  that  natural  petroleum  and  the  oils 
obtained  by  the  dry  distillation  of  coal,  nic,  at  low  temperatures,  are 
mixtures  of  a  great  number  of  paraffins  differing  greatly  in  volatility,  and 
that  to  render  them  safe  for  burning  in  lamps  of  ordinary  construction, 
they  must  be  freed  by  distillation  from  the  more  volatile  members  of  the 
series  ;  otherwise  they  will  take  fire  too  easily,  and  when  they  become 
heated,  will  give  off  highly  inflammable  vapors,  which,  mixing  with  the 
air  in  the  body  of  the  lamp,  may  easily  produce  dangerously  explosive 
mixtures  ;  serious  accidents  have  indeed  arisen  from  this  cause.  It  has 
been  found  by  experience  that  it  is  not  safe  to  use  paraffin  oil  which  will 
take  fire  on  the  application  of  a  match  and  burn  continuously  at  a  tem- 
perature below  38  C.  (100.4©  F.). 


Secoitd  Sebies,  CqH^. — Olefines. 

The  hydrocarbons  of  this  series  are  polymeric,  as  well  as  homologous 
with  one  another,  inasmuch  as  their  formulee  are  all  exact  multiples  of 
that  of  the  lowest,  CH^.     The  lower  members  of  the  series  are  gaseous  at 

*  Thorpe  and  Young  (Beriohte  der  deutochen  ohemiBcben  gesellso.,  1872,  p. 
636}. 
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ordinary  temperatures,  the  higher  members  are  solid,  and  the  intermediate 
compounds  liquid.  The  names  and  formulae  of  the  known  members  of  the 
olefine  series  are  given  in  the  following  table  : — 

Ethene        or    Ethylene C^H^ 

Propene      or     Propylene ^s^e 

Tetrene,  Butene,  or  Butylene ^4^9 

Pentene      or     Amylene Cs^Jio 

Hexene       or     Hexylene ^6^19 

Heptene      or     Ucptylene ^t^u 

Octeue         or     Octylene ^s^ie 

Nonene       or     Nonylene ^s^is 

Decene        or     Paramylene ^'10^20 

Hexdecene  or     Cetene ^le^n 

Ceroteue    .........  ^271^54 

Melene        or    Mclissene ^9o^«o 

Methene,  CH,,  the  lowest  term  of  the  series,  does  not  appear  to  be  capa- 
ble of  existing  in  the  separate  state. 

Formation  of  the  Ol^nes, — 1.  By  abstraction  of  the  elements  of  water 
from  the  alcohols  of  the  series  CqH2„+,0,  homologous  with  ooumion  alco- 
hol, under  the  iniluence  of  |>owerful  dehydrating  agents,  such  as  oil  of 
vitriol,  phosphoric  oxide,  or  zinc  chloride ;  thus  : — 

CjHgO  —  HgO  ^B  ^2'^4 

Ethyl  alcohol.  Water.  Ethene. 

2.  By  heating  the  monatoraic  halo'id  ethers,  C„Hj^,-|-,Br,  etc.,  with  alco- 
holic solution  of  potash,  or  by  passing  their  vapors  over  lime  at  a  dull 
red  heat : — 

C^HjBr    +     KOH     ==    C-H^     +     E.fi    -j-    KBr. 
Ethyl  bromide.  Ethene. 

2C3n„Cl    +     CaO    =    2C.H,o    +    Bfi    +     CaCl,. 
Pentyl  chloride.  Pentene. 

The  secondary  and  tertiary  alcohols,  and  their  haloid  ethers  are  con- 
verted into  olefines,  by  this  and  the  preceding  reactions,  more  readily  than 
the  primary  alcohols.  The  higher  alcohols  of  the  series,  CqHj^-i-^O,  un- 
dergo this  change  when  merely  heated  ;  cetyl  alcohol,  CjgUj^O,  for  example, 
is  resolved  by  distillation  into  HjO  and  cetene,  C^^U^, 

3.  By  the  decomposition  of  the  paraffins,  at  the  moment  of  their  forma- 
tion, by  the  action  of  zinc  or  sodium  on  the  alcoholic  iodides  of  the  monad 
alcohol-radicles,  CnHj^-f  i  (seep.  402). 

4.  By  the  action  of  the  same  iodides  on  the  sodium-compounds  of  the 
same  radicles ;  for  example : 

C,HJ        +        C^HgNa      =      NaT      +      C^H^      +      C^Hg. 
Ethyl  Sodium  Sodium  Ethene.  Ethane, 

iodide.  ethyl.  iodide. 

5.  By  decomposition  of  the  hydroxides  of  ammonium  bases  containing 
four  atoms  of  a  monad  alcohol-radicle  (p.  480),  these  compounds  when 
heated  splitting  up  into  a  tertiary  monamine  (p.  487)  and  an  define ;  thus : 

N(C,H,),(HO)      =      N(C,H,),      +      H,0      +      C,H,. 
Tetrethylammon-  Triethyl-  Water.  Ethene. 

lum  hydroxide.  amine. 

6.  Olefines  are  formed  by  the  decomposition  of  acetates  and  butyrates  at 
a  red  heat,  distilling  over,  together  with  several  other  products,  from  which 
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they  are  separated  by  combining  them  with  bromine,  and  heating  the  re- 
sulting bromine-compounds,  C^H^Br,,  to  2750  with  copper,  water,  and 
potassium  iodide.  In  this  manner  Berthelot  has  obtained  ethene,  propeue, 
buteue,  and  pentene. 

7.  By  electrolysis  of  the  alkali-salts  of  bibasic  acids.-  e.  g,^ 

C.HjO^        =        C,H^        +        2C0g        +        H,. 
Succinic  aoid. 

8.  By  heating  the  diatomic  haloid  ethers,  C,^H^G1,,  etc.,  with  sodium : 

CjH^Cl,  +  Na,  =  2NaCl  +  C,H^. 

9.  Several  of  the  defines  may  be  produced  by  direct  synthesis  from  other 
hydrocarbons  of  simpler  constitution,  or  their  haloid  derivatives. 

a.  Ethene  is  formed  by  the  action  of  nascent  hydrogen  upon  ethine  or 
acetylene : 

CjH,  4-  H,  ssa  CjH^ 

6.  Propene,  CgH,,  is  formed  by  passing  a  mixture  of  methane  and  carbon 
monoxide  (oxymethene)  through  a  red-hot  tube : 

2CH4  -f  CO  =  H,0  +  C,H«. 

Also  by  the  action  of  trichloromethane  (chloroform)  on  zinc  ethide; 
2CHC1,  +  3Zn(C,H5),  »  SZnQ,  +  4CjH^  -f  2CH4. 

y,  Pentene,  CjHiq,  or  a  compound  isomeric  or  polymeric  with  it,  is  formed 
by  the  action  of  zinc  ethide  on  propenyl  (allyl)  iodide : 

2C,H5l  +  Zn(C,H6),  =  Znl,  +  2C,ll,^. 

Constitution  and  Reactions  of  the  Olefines, — ^Tliese  hydrocarbons  in  the  free 
state  may  be  supposed  to  have  one  pair  of  their  carbon-atoms  linked  to- 
gether by  tw^o  combining  units  ,  thus : 

CH, 

CH,  II 

H  CH 

CH,  B 

CH, 
Ethene.  Propene. 

Tn  all  the  higher  members  of  the  series  this  structure  admits  of  isomeric 
modifications  ;  three  for  butene,  five  for  pentene,  etc.,  as  will  presently  bo 
further  considered. 

With  two  carbon-atoms  thus  doubly  linked,  the  olefines  present  the  ap- 
pearance of  saturated  molecules  incapable  of  uniting  with  monatomic 
elements  or  radicles.  Under  the  influence  of  chlorine,  bromine,  and  iodine, 
however,  they  undergo  a  change  of  structure,  the  double  linking  of  the 
two  carbon-atoms  being  partly  broken  up,  so  that  these  atoms  remain 
united  by  one  combining  unit  only,  and  the  hydrocarbon  becomes  a  biva- 
lent radicle,  capable  of  taking  up  2  atoms  of  chlorine,  bromine,  etc.,  thus : 

CH,  CH,C1 

II        +      CI,       =        I 
CH,  CH,C1 

The  resulting  diatomic  ethers,  treated  with  silver  acetate  or  potassium 
acetate,  exchange  their  bromine  for  an  equivalent  quantity  of  the  halogenio 
residue  of  the  acetate,  C^HjO,  (p.  481),  giving  rise  to  diatomic  acetic  ethers ; 
thus: 
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« 

(C,n,)Br,      +      2C,H,0,K      »      2KBr      +      (C^H/)  (C.H.O^, ; 
£theQe  PotAtalum  FotasBium  £thene 

bromide.  acetate.  bromide.  dlacetate. 

and  these  ethers,  distilled  with  a  oaostic  alkali,  yield  diatomic  alcohols  or 
glycols ;  for  example : 

(C,H.)(C,H30,),     +      2KH0     =     2C„H,0,K     +      (C,H,)(OH),. 

Ethene  Pofaselum  Ethene 

diaoetate.  acetate.  alcohol. 

5.  The  bromides,  C„H,„Br„  heated  to  2750  C.  (5270  F.)  with  a  mixture 
of  potassium  iodide,  copper,  and  water,  give  up  their  bromine  and  repro- 
duce the  original  olefine,  together  with  other  hydrocarbons  (p.  493). 

6.  Some  olefines,  when  briskly  shaken  up  with  strong  sulphuric  acid, 
unite  with  it,  forming  acid  ethers  of  sulphuric  acid,  which  contain  the 
monatomic  alcohol-radicles  analogous  to  the  olefines  ;  thus : 

C.H^  +  H,SO^  a=  CgHj.HSO^; 

Ethene.  Sulphuric  acid.  Ethyl-eulphurlc  add. 

and  these  acid  ethers  distilled  with  water  reproduce  sulphuric  acid  and 
the  monatomic  alcohol  analogous  to  the  olefine  : 

CjHj.HSO^        +        H(OH)        =        HjSO^        +        C,H,(OH). 
Ethyl-Aulphuric  acid.  Water.  Ethyl  alcohol. 

With  fuming  sulphuric  acid  (which  contains  sulphuric  oxide  in  solu- 
tion) the  olefines  yield  sulpho-acids  which  are  isomeric  with  the  preceding, 
but  are  not  decomposed  by  water  with  formation  of  an  alcohol. 

7.  Olefines  unite  with  hydrochloric,  hydrobromiCf  and  hydriodic  acids ;  and 
the  resulting  compounds,  treated  with  silver  oxide  in  presence  of  water, 
give  rise  to  two  different  reactions  which  go  on  simultaneously,  one  part 
of  the  compound  exchanging  its  halogen  element  for  hydroxyl,  and  thereby 
producing  an  alcohol,  while  another  portion  gives  up  hydrochloric,  hydro* 
bromio,  or  hydriodic  acid,  reproducing  the  original  olefine : — 

2(aH„.HI)  +  Agfi  +  H,0  =  2AgI  +  2aH,,0 
Hexene  Hexyl 

hydrlodlde*  alcohol. 

2(CeH„.HI)    +    Agfi    =    2AgI   +    H,0    +    2C,H,, 
Hexene  hydrlodlde.  Hexene. 

Olefines  'also  unite  with  hypochlorous  acid,  forming  compounds  called 
glyoolio    chlorhydrins  ;   e.g.: — 

CH,  CHaCl 

II  +         ClOH  =         I 

CH,  CH,OH 

By  nascent  hydrogen  (evolved  by  zinc  and  hydrochloric  acid)  they  are 
converted  into  paraffins ;  e.  g.,  C,H^+  H,  =  C,Hj. 

They  also  yield  paraffins  when  heated  with  concentrated  hydriodic  acid, 
the  moniodoparaffin  formed  in  the  first  instance  being  reduced  by  a  second 
molecule  of  hydriodic  acid ;  e.  g. : — 

CjH^  -f  HI  =  C,HJ ;  and  CjHJ  +  HI  =  C^H^  +  I,. 

Condensation  of  the  Ol^nes. — ^Tliese  bodies,  under  the  influence  of  sul- 
phuric acid,  zinc  chloride,  boron  fluoride,  and  other  reagents,  even  at 
ordinary  temperatures,  become  polymerized  by  the  linking  together  of  two 
or  more  molecules.  In  this  manner,  isopentene  or  amylene,  CjOjo,  may  be 
converted  into  C,oH„,  CjsHj^,  etc.  Propene  and  butone  may  also  be  poly- 
43 
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merized,  but  ethene  is  not  polymerized  either  bj  sulphuric  acid  or  by 
boron  fluoride.  The  polymeric  hydrocarbons  thus  formed  are  dyad  radi- 
cles, capable  of  uniting  directly  with  chlorine,  etc. 

The  following  diagram  exhibits  the  conversion  of  isopentene  or  amylene 
into  di-amylene,  showing  that  the  latter  also  has  two  of  its  carbon  atoma 
doubly  linked,  and  may  therefore  act  as  a  dyad  radicle : — 


Hc<^2; 


HC 
II 


H,C- 


CH, 

II 
CH 


L 


Amylene  (2  mol.) 


HC<f^» 


H,C 


^CH, 


CBL 

I  II 

H-C        CH 

I 
H,C- 


J. 


CH, 

Blamylene. 


Bthene  or  Ethylene,  C2H4,  also  called  Olefiant  gas,  is  produced 
in  the  dry  distillation  of  many  organic  bodies,  and  is  found,  to  the  amount 
of  about  6  per  cent.,  in  coal  gas.  It  is  most  easily  prepared  by  heating 
strong  alcohol  with  three  or  four  times  its  weight  of  strong  sulphuric  acid 
(p.  165).  It  is  a  colorless  inflammable  gas,  which  burns  with  a  bright 
white  flame.  When  exposed  to  a  strong  pressure  at  a  temperature  of 
— 1100  C.  ( — I66O  F.),  it  condenses  to  a  liquid  which  does  not  solidify. 
Its  specific  gravity,  referred  to  hydrogen  as  unity,  is  14,  showing  that  the 
molecule  Cfi^  has  the  normal  2-volume  condensation  : — 

2xl24-4xl_i4 

Ethene  unites  readily  with  chlorine,  bromine,  and  iodine,  forming  oily 
liquids.  Fuming  hydriodic  acid  absorbs  it,  with  formation  of  ethyl  iodide 
C2H5I.  It  dissolves  also  in  strong  sulphuric  acid,  after  prolonged  agita- 
tion at  ordinary  temperatures,  easily  and  completely  at  160-175O  C.  (320- 
3470  F.).  The  product  is  ethylsulphuric  acid,  CjHg.SO+H,  which,  when 
boiled  with  water,  yields  ethyl  alcohol.  Ethene  is  oxidized  ^y  chromic 
acid  to  aldehyde,  CjH^O,  and  by  potassium  permanganate  to  oxalic  and 
formic  acid. 

Pr  opene,  CgHg  =  CHj— CHIZCH,,  is  formed  (1)  By  heating  propyl 
iodide  or  isopropyl  iodide  with  alcoholic  potash  solution : — 

C,H,I  4-  KOH  =  C,H«  +  KI  -I-  H,0 ; 

(2)  By  the  action  of  nascent  hydrogen  (from  zinc  and  hydrochloric  acid), 
or  of  hydriodic  acid,  on  allyl  iodide  : — 

C,HJ  +  HI  =  C3He+  I,; 

(3)  Together  with  other  products,  by  passing  the  vapor  of  ordinary  amyl 
alcohol  or  butyl  alcohol  through  a  red-hot  tube.     It  also  occurs  in  coal  gas. 

Propene  is  a  colorless  gas,  condensable  to  a  liquid  by  strong  pressure. 
It  dissolves  readily  in  strong  hydriodic  acid,  forming  secondary  propyl 
iodide : 

CHj— CH=CH8    4-    IH    s=    CH,— CHI— CH,. 
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Bntene,  orButylene,  C^Hg.  Of  this  hydrocarbon  there  are  three 
modiiications,  represented  by  the  following  formulae  : — 

1.  Butene,  CH3— CH,— CH-TCHj ; 

2.  Psendobutene,  CH3— CHZICH— CHj ; 

3.  Isobutene,  g'^CHCHj . 

1 .  No rmal  butene  is  produced  by  abstraction  of  HI  (action  of  alcoholic 
potash)  from  normal  primary  butyl  iodide,  CH, — CHg — CU, — CU^Ii  and  by 
the  action  of  zino-ethide  on  bromethene  : 

2(CHi— CUBr)  +  Zn<^g'^y»  =s  ZnBr,  +  2(CH3--CH2— CH=CHj). 

It  is  gaseous  at  ordinary  temperatures,  and  condenses  at  — KP  C.  (14°  F.) 
to  a  liquid  which  boils  at  — 50  C.  (23^  F.).  It  unites  with  hydriodio 
acid,  forming  secondary  butyl  iodide,  CHj — CHj — CHI — CHj. 

2.  Psendobutene  is  formed  by  heating  secondary  or  pseudobutyl 
iodide,  or  the  corresponding  alcohol,  with  alcoholic  potash,  or  with  silver 
iodide.  It  boils  at  -\-3^C,  (31 A^  F.))  and  solidifies  at  low  temperatures. 
It  unites  with  HI,  reproducing  secondary  butyl  iodide. 

3.  Isobutene  is  produced  by  the  action  of  alcoholic  potash  on  isobutyl 

iodide,  ^»^CH— CHJ,  or  on  tertiary  butyl  iodide,  *|»^CI— CH,,    or 

3  3 

by  that  of  sulphuric  acid  on  the  corresponding  alcohols.     It  is  also  formed 

by  passing  the  vapor  of  isopentyl  alcohol  through  a  red-hot  tube,  and  by 

the  electrolysis  of  isovaleric  (ordinary  valeric)  acid. 

Isobutene  is  gaseous  at  ordinary  temperatures,  but  condenses  at  very 

low  temperatures  to  a  liquid,  which  boils  at  —  6^.     Strong  hydriodic  acid 

absorbs  it,  with  formation  of  tertiary  butyl  iodide.     With  sulphuric  acid 

it  forms,  together  with  polymeric  butenes,  tertiary  butylsulphuric  acid, 

h'c-^^^^0  H  »^^^°^»  when  boiled  with  water,  yields  tertiary  butyl  al- 
cohol. 

The  dibromides  of  the  three  isomeric  butenes,  C^HgBr,,  boil  at  the  fol- 
lowing temperatures : — 

Normal.  Iso.  Pseudo. 

1660  C.  (330.80  F.).        1590  C.  (318.20  F.).        1490  C.  (300.2O  F.). 

Pentenes,  C^H ,0.  Of  the  four  possible  modifications  of  these  hydro- 
carbons, viz., 

1.  2.  3.  4. 

CHa  HaC  CHa  CH*  HqC  CH« 

J        V       I        V 

CH,  CH  CHj  C 

CH,  CH  CH  CH 

i  "  "  1 

CH  CH,  CH  CH, 

"  i 

CH,  CH, 

1.  Norhial  Pentene,  or  Ethyl-aUyl^  CjHg.CjHj,  is  formed  by  the 
action  of  sodium  on  a  mixture  of  the  iodides  of  ethyl  and  allyl,  or  of  zinc- 
ethyl  on  allyl  iodide.    It  boils  at  370  C.  (98.60  F.)  ;   unites  with  hydri- 
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odic  acid  to  form  the  seoondary  iodide,  CH,— CH^— CITj— CHI— CH,  or 
lUC  <^*||   .    Its  bromide,  CfitffiT^y  ^^  *'  ^750  C.  (347©  F.). 

2.  Itopentenef  or  Amylene,  is  obtained,  together  with  isopentane, 
bj  distilling  ordinary  amyl  alcohol,  g'^CH— CHf-CH,OH,  with  sul- 
phuric acid  or  zinc  chloride.  It  is  a  colorless  mobile  liquid  having  a  fra- 
grant odor,  a  density  of  0.663  at  (P,  and  boiling  at  350  C.  (95©  F.).  Its 
bromide  boils  at  170-180O  C.  (338-3560  P.),  with  partial  decomposition. 
Isopentene  unites  with  hydriodic  acid,  forming  another  secondary  pentyl 
iodide,  (CH3)jCH— CHI— CH,. 

Isopentene  shaken  up  with  sulphuric  acid  (previously  diluted  with  half 
its  bulk  of  water,  and  cooled)  is  converted  into  several  polymerides,  viz., 
diamylene,  C,oH»,  boiling  at  1560  C.  (312.80  F.)  ;  triamylene, 
CisHjo,  at  240-250O  C.  (460-4820  p.)  ;  tetramylene,  CaoH«,  at  360©  C. 
(644P  F.).    They  are  oily  liquids,  uniting  directly  with  bromine. 

3.  The  third  modification  is  not  known  with  certainty,  but  is  perhaps 
identical  with  a  pentene,  boiling  at  25^  C.  (77©  F.),  obtained  by  the  action 
of  concentrated  alcoholic  potash  on  isopentyl  iodide.* 

4.  The  fourth  modification  is  obtained  by  the  action  of  very  strong  alco- 
holic potash  on  tertiary  pentyl  iodide  : 

H«C     CH*  H*G     CH» 

V  V 

CI  I    _  C 

I  "   H    -  II 

CH,  CH 

(Jh,  CH, 

It  boils  at  350  C.  (950  p.),  unites  with  bromine,  and  with  faming  hydri- 
odic acid  at  lOOO,  reproducing  the  tertiary  iodide,  f. 

The  higher  olefines  have  been  but  little  studied.  They  are  obtained 
from  the  corresponding  alcohols  and  iodides  by  the  methods  above  described. 

Hezene,  or  Hezylene,  CfHj,.  Two  hydrocarbons  of  this  com- 
position have  been  obtained,  one  from  secondary,  the  other  from  tertiary 
hexyl  alcohol.  The  former  has  a  specific  gravity  of  0.699  at  OO,  and  boils 
at  65-660C.  (149-150.80  p.);  the  latter,  which  occurs  in  the  light  oils 
from  Boghead  and  Cannel  tar,  boils  at  70O  C.  (158^  F.). 

Heptene,  or  Heptylene,  CfHi^,  also  called  omanMyentf,  is  formed 
from  secondary  hoptyl  chloride ;  also,  by  treating  heptyl  aldehyde  (cenan- 
thol),  C7H14O,  with  phosphorus  pentachloride,  and  decomposing  the  result- 
ing chloride,  C7H,4Cl2,  with  sodium.  It  boils  at  lOOO.  The  same  hydro- 
carbon occurs  in  the  light  oils  from  Boghead  and  Cannel  tar. 

Octene,  or  Ootylene,  CgHi,,  occurs  in  the  same  oils,  and  is 
easily  prepared  by  distilling  secondary  octyl  alcohol  with  zinc  chloride. 
It  boils  at  1250  C.  (2570  F.). 

Cetene,  C^H,,,  Cerotene,  C„E^,  and  Melene,  C^H^,  are 
formed  by  destructive  distillation  of  the  corresponding  alcohols,  or  snb- 

*  Flnvltzky,  JLleblg's  Annalen,  clxlx.  205. 

t  ErmolAiew,  Zeitschrift  fur  Chemle,  1871, 276. 
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stances  containing  them ;  cetene  from  spermaceti,  cerotene  from  Chinese 
wax,  melene  from  beeswax. 

Cetene  is  an  oily  ^liquid,  boiling  at  2750  C.  (5270  F.);  cerotene,  a  crys- 
talline solid  ;  melene  crystallizes  from  hot  alcohol  in  scales,  which  melt  at 
620  o.  (143. 60  F.). 


Thibd  Series. — C„Hj„ ^. 

Ethine  or  Acetylene  Series, 

These  hydrocarbons  may  be  arranged  in  two  collateral  series  differing 
from  one  another  in  structure  and  in  properties.   The  following  are  known : 


A  Series. 


Ethine 

Propine 

Pen  tine 

Eexine 

Heptine 

Octine 

Decine 

Pentadecine 

Hexdecine 


or  Acetylene, 

"  Allylene, 

"  a  Valerylene, 

**  Hexoylene, 


"    Deoenylene, 
"     Benylene, 
**     Cetenylene, 


CjH, 

CgH^ 

CeHxo 
C,Hi, 

CjoHia 


Boiling  Point. 


50OC. 

80OC. 
107O  C. 
1330C. 
1650  C. 
2260  C. 
280OC. 


(122  OF.) 
(170  OF.) 
(224.GO  F.) 
(271.4P  F.) 
(329  OF.) 
(437  OF.) 
(536    OF.) 


R  Series. 
B  Allylene, 
Crotonyleno, 
B  Valerylene, 
Diallyl,      - 
Rutylene, 


C3H, 

CeH,o 
C,oHi8 


Boiling  Point. 

180  C.  (  64.40  F.) 

450  C.  (113    O  F.) 

590  C.  (138.20  F.) 

150O  C.  (302    o  F.) 


A  general  method  of  preparing  the  hydrocarbons  of  the  a  series,  consists 
in  heating  the  dibromides  or  di-iodidcs  of  the  olefines  with  alcoholic  pot- 
ash, the  reaction  taking  place  by  two  stages,  a  monobrominated  define 
being  first  formed,  and  then  deprived,  by  the  further  action  of  the  potash, 
of  the  elements  of  hydrobromic  acid  ;  tlius — 


and 


C^Hj^Br,  +  KOH  =  KBr  +  H,0  +  C„H,^iBr, 
C^H^^^iBr  +  KOH  =  KBr  +  H,0  +  C^H^.^,. 


The  reaction  amounts  to  the  abstraction  of  2HBr  from  the  olefine  dibro- 
mide,  and  shows  that  the  hydrocarbons  of  this  series  have  two  of  their 
carbon  atoms  united  by  three  combining  units  ;  thus — 


CHjBr 


CH 


i 


—        2HBr 


H,Br 


Ethane  dibromlde. 
CH, 

;HBr 


i 


CH 
Acetylene. 

CH. 


—        2HBr 


-  i 


H^Br 


Propene  dibromlde. 


43* 


CH 

Allylene. 
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Acetylene  does  not  admit  of  any  other  modification,  at  least  in  the  free 
state ;  but  in  aliylene,  and  the  higher  members  of  the  series,  another 
mode  of  grouping  is  possible,  as  shown  by  the  following  formula  :— 

CH,=:C— CH,  CH^CH— Clla— CH,--CH=CH, 

^Allylene.  Diallyl. 

The  hydrocarbons  of  this  latter  {&)  subseries  are  formed  by  varions 
reactions,  /3-aliylene,  for  example,  by*the  electrolysis  of  itaoonic  acid : — 


CH-— COOH  CH, 

II 
«    2C0,    +    H,    +      C 


:H,— COOH  CH, 

Itaconio  acid.  ^-AUylene. 

The  hydrocarbons  of  the  two  subseries  likewise  differ  in  certain  of  their 
properties.  Those  of  the  a  series,  when  treated  with  an  ammoniacal  solu- 
tion of  argentic  or  cuprous  chloride,  yield  metallic  derivatives,  in  the  form 
of  crjrstalline  precipitates,  which,  when  heated  with  hydrochloric  acid,  re- 
produce the  original  hydrocarbons.  This  reaction  affords  a  convenient 
method  of  separating  acetylene  and  allylene  from  other  gases.  The  hydro- 
carbons of  the  6  subseries  do  not  yield  these  metallic  derivatives. 

When  the  hydrocarbons  of  the  a  subseries  are  subjected  to  the  action  of 
chlorine,  bromine,  and  other  powerful  reagents,  the  connection  between 
the  trebly-linked  carbon  atoms  becomes  loosened— -as  in  the  case  of  the 
defines — so  that  the  molecule  which  was  previously  saturated  becomes 
bivalent  or  quadrivalent :  thus,  in  the  case  of  acetylene, 

C-^H  — C— -H 

ri  II 

C— H  — O^— H 

Saturated.  Bivalent. 

When  agitated  with  hydrobromic  or  hydriodic  acid,  they  take  up  one  or 
two  molec^es  of  these  acids.  The  dihydrobromides  and  dihydriodides  thus 
produced  have  the  same  composition  as  the  dibromides  of  the  olefines ;  thus : 

CnH^-^.2HBr  »  C„n,„Br,. 

The  two  classes  of  bodies  are,  however,  isomeric,  not  identical. 

Aoetylene,  or  Bthine,  C^H,. — ^This  hydrocarbon  is  one  of  the 
constituents  of  coal  gas. — It  is  produced — 1.  By  synthesis  from  its  elements. 
When  an  electric  arc  from  a  powerful  voltaic  battery  passes  between  carbon 
poles  in  an  atmosphere  of  hydrogen,  the  carbon  and  hydrogen  unite  in  the 
proportion  to  form  ethine. 

2.  By  the  action  of  heat  upon  ethene,  or  the  vapor  of  alcohol,  ether,  or 
wood-spirit,  or  by  passing  induction-sparks  through  marsh-gas. 

3.  By  passing  the  vapor  of  chloroform  over  ignited  copper : 

2CHC1,  -f  Cue  =  3Cu,Cl,  +  C,H,. 

4.  By  the  incomplete  combustion  of  bodies  containing  carbon  and  hydro- 
gen ;  for  example : 

4CH4  4-  O^  =s  6H,0  +  2C,H, 
2C,H4  4-  Oj  =  2U,0  +  2C,H,. 
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It  is  produced  in  considerable  quantity  in  the  imperfect  combustion  which 
takes  place  in  a  Bonsen's  gas-burner,  when  the  flame  strikes  down  and 
the  gas  boms  at  the  small  orifice  at  the  bottom  of  the  tube ;  it  may  be  col- 
lected and  purified  by  aspirating  the  gas  through  an  ammoniacal  copper  or 
silver  solution. 

5.  By  passing  a  mixture  of  marsh-gas  and  carbon  monoxide  through  a 
red-hot  tube : 

CH^  +  CO  =  H,0  -f  C,H,. 

6.  By  the  action  of  alcoholic  potash  on  monobromethene : 

CaHjBr  +  HKO  =  KBr  -f  H,0  +C,H,, 

7.  By  the  electrolysis  of  fumario  or  maleic  acid : 

CA<^C|h  -  2C0,  +  H,  +  C,H,. 

The  crude  acetylene  obtained  by  either  of  these  processes  is  purified  in 
the  manner  above  mentioned. 

Acetylene  is  a  colorless  gas  of  specific  gravity  0.92,  having  a  peculiar 
and  unpleasant  odor,  moderately  soluble  in  water,  not  condensed  by  cold 
or  pressure.  It  burns  with  a  very  bright  and  smoky  flame,  one  volume  of 
the  gas  consuming  2^  volumes  of  oxygen,  and  producing  2  volumes  of  car- 
bon dioxide.  When  mixed  with  ddorincy  it  detonates  almost  instantly, 
even  in  diffused  daylight,  with  separation  of  carbon. 

Acetylene  passed  into  an  ammoniacal  solution  of  cuprous  chloride  forms  a 
red  precipitate  consisting  of  cuproso-vinyl  oxide,  C^(Cu2)sU)0,  or 
[C,(Cu,)H]gO,  that  is  to  say,  vinyl-oxide,  {Cfi^fij  having  four  of  its 
hydrogen-atoms  replaced  by  four  atoms  of  (apparently)  univalent  copper 
(see  p.  361).  The  constitution  of  this  compound  may  be  understood  from 
the  following  formulie : 

H   H  H    H  H  H 

^=C— 0— C=C  I  >C=C— 0— C=(    ^  '^ 


^>C=A-0-i=C<J^ 


c: 

Yinyl  oxide.  Ouproso-vlnyl  oxide. 


Its  formation  from  cuprous  chloride  and  acetylene  is  represented  by  the 
equation : 

2Cu,Cl,  +  2C,H,  -f  H,0  =  4HC1  -f  C^Cu^HjO. 

On  heating  it  with  hydrochloric  acid,  the  opposite  reaction  takes  place, 
cuprous  chloride  and  water  being  reproduced,  and  pure  acetylene  evolved 
as  gas. 

When  this  copper  compound  is  heated  with  zinc  and  dilute  ammonia, 
the  nascent  hydrogen  thereby  evolved  unites  with  the  elements  of  ethine, 
producing  ethene : 

C^Cu^HaO  +  2H,  =  Cu^  +  H,0  -f  2C,H, 
and 

Acetylene,  briskly  agitated  with  strong  sulphuric  add,  is  absorbed,  pro- 
ducing vinyl-sulphuric  acid,  CsH^SO, : 

C,H,  +  H,SO,  =  (C,H,)HSO, ; 
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and  this  acid,  distilled  with  water,  is  resolved  into  salphurio  acid  and 
yinyl  alcohol : 

(C,H3)HS0^     +      H,0  =  HjSO^     CoHgCOH) 
Vinyl-Bulphurio  Vinyl 

acid.  alcohol. 

Acetylene  unites  with  bromine,  forming  a  dibromide,  C^HjBrj. 

When  a  series  of  strong  induction  sparks  is  passed  through  a  mixture 
of  acetylene  and  nitrogen^  the  two  gases  unite  and  form  hydrocyanic 
acid:  C2H,  +  Nj  =  2CNH. 

Bromacetylene,  C^UBr,  is  produced  by  the  action  of  alcoholic  potash  on 
dibromethene  dibromide : 

C,H,Br,.Br,  =s  HBr  +  Br,  +  C,HBr. 

It  is  a  spontaneously  inflammable  gas,  which  liquefies  under  a  pressure 
of  three  atmospheres,  is  soluble  in  water,  and  very  soluble  in  dibromethine. 
It  unites  with  bromine,  forming  the  compound  CjHBr.Br,,  and  when  passed 
into  an  ammoniacal  solution  of  cuprous  chloride,  yields  a  precipitate  of 
cuproso-vinyl  oxide. 

Allylene  or  Propine,  C3H4. — ^Thls  compound  is  produced  by  the  action 
of  sodium  ethylate  on  bromopropene : 

CjHjBr  +  CjH^NaO  =  NaBr  +  C^H^CflO)  +  C,H^, 

Its  formation  being  a  particular  case  of  the  general  reaction  given  on  page 
509.  It  is  a  colorless  gas,  having  an  unpleasant  odor,  burning  with  a 
smoky  flame,  and  forming,  with  mercurous  salts,  a  gray  precipitate  ;  with 
silver  salts,  a  white  precipitate  ;  and  with  cuprous  chloride,  a  yellow  pre- 
cipitate, analogous  in  composition  to  that  formed  by  ethine.  With  bromine 
it  forms  the  compounds  CsH^Br,  and  CjH^Br^,  the  former  boiling  at  130O 
C.  (2660  F.),  the  latter  decomposing  when  distilled.  With  iodine  it  forms 
the  compound  CsH^I^,  which  boils  at  1980  C.  (388.40  F.).  It  unites  with 
2  molecules  of  hydriodic  acid,  forming  the  com})Ound  CU^-^CIj — CH„  and 

similarly  with  HBr  and  HCl^ 

B  Allylene,  or  Allene,  CU, CZTCH^,  is  formed,  as  already  stated,  by  the 

electrolysis  of  itaconic  acid ;  also  by  the  action  of  sodium  on  the  modifica- 
tion of  dichloropropene  obtained  from  dichlorhydrin  (see  Glycerin)  ;  pro- 
bably also  from  allyl  iodide.  With  bromine  it  forms  a  crystalline  tetra- 
bromide,  CgH^Br^. 

Crotonylene,  C^Hj  or  CH^— CHIICZICHj,  is  formed  by  abstraction  of 
BrH  from  monobromobutene,  CHj— CH^— CBrZlCH,  ;  also  by  distilling  ery- 
thrite,  C4H,oO^,  with  formic  acid.  It  is  a  liquid  boiling  at  20-250  C. 
(68-770  F.) ,  and  forming  a  tetrabromide  which  crystallizes  in  shining  rhom- 
bic plates,  melting  at  II6O  C.  (240.80  p.).  It  does  not  form  any  metallic 
derivative  with  copper  or  silver,  whence,  and  from  its  mode  of  formation, 
it  may  be  referred  to  the  &  series. 

Valerylene  or  Pentine,  CgHg. — Of  this  hydrocarbon  two  modifications 
are  known,  a  Valerylene,  probably  HC=C-— CjH^,  is  formed  by  abstrac- 
tion of  HjClj  from  methylpropyl-ketonio  chloride,  H3C — CClj— CjH,.  It  boils 
at  50O  C.  (1220F.),  and  yields  metallic  derivatives  with  silver  and  copper. 

B  Valerylene,  probably  tt'J^CZIC~CH„  is  formed  by  abstraction  of 
HBr  from  bromisopentene,  y^^^CUCH — CBrUCH,.     It  is  a  liquid  hav- 
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ing  an  alliaxjeons  odor,  a  specific  gravity  of  0.700,  and  boiling  at  450  C. 
(II30  F.)*  It  does  not  form  compounds  with  silver  and  copper.  It  forma 
a  dibromide  which  boils  at  170^  C.  (338^  F.),  and  a  liquid  tetrabromide. 


C^Un'—Hexoylene,  probably  CH^— (CHj),— C^CH,  obtained 
by  abstraction  of  HBr  from  monobromhexene,  boils  at  76-80^  C.  (168.8- 
1760  F.). 

Dialltflf  HjCZlCH— CHj— CH,— CH=:CH„  is  formed  by  the  action  of 
sodium  or  silver  on  allyl  iodide.  It  is  a  volatile,  pungent  liquid,  boiling 
at  590  C.  (138.20  F.),  and  forming  a  crystalline  tetrabromide  and  tetri- 
odide,  the  former  melting  at  630  C.  (146.4P  F.).  When  shaken  with 
aqueous  hypochlorous  acid,  it  forms  the  compound  C, HjoCl,(OH)2.  Heated 
with  concentrated  hydriodio  acid  it  yields  the  compound  CqHi,!,  or  HjC — 
CHI — CHj — CHj — CHI — CHg,  as  a  heavy  oily  liquid  ;  and  on  heating  this 
compound  with  silver  acetate,  it  is  converted  into  the  corresponding 
dlacetate,  which,  when  heated  with  caustic  potash,  yields  the  correspond- 
ing hexene  glycol, 

H3C— CHOH— CH,— CH,— CHOH— CHj. 

The  higher  members  of  the  series  C^Hj^.-,  are  obtained  either  from  the 
dibromides  of  the  corresponding  defines,  or  from  substitution-products 
isomeric  therewith.  Thus  heptine,oroenanthidene,  is  formed  by 
the  action  of  potash  on  cenanthidene  dibromide  (obtained  by  treating 
oenanthyl  with  phosphorus  pentaohloride) ;  rutylene  is  prepared  from 
diamylene;  and  the  isomeric  body  d e c i n e  or  decenylene  from  the 
dibrominated  derivative  of  the  hydrocarbon  C^qH,,,  which  exists  in  petro- 
leum. 


Series  C^H^,^. 

The  only  known  member  of  the  fatty  group  belonging  to  this  series  is 
Talylene  or  pent  one,  C^Hg,  which  is  formed  by  the  action  of  alcoholic 
potash  on  valerylene  dibromide,  CsHgBr,.  It  is  a  light  oil,  smelling  like 
garlic,  and  boiling  at  50^.  It  forms  precipitates  with  ammoniacal  copper 
and  silver  solutions.  With  bromine  in  a  freezing  mixture,  it  yields  a 
crystalline  mass  consisting  of  CgH^Br^,  saturated  with  a  thick  liquid  which 
is  a  mixture  of  the  same  compound  with  CgH^Br^,  and  probably  CcHgBr,. 

The  terpenes,  C,oH,g,  also  come  under  the  formula  C^H,,,-^,  but  they 
belong  rather  to  the  aromatic  group. 


Series  C^H 

Dipropargyl,  CgH,  or  HC=C--CH2— CHj— C=CH,  the  only  known 
hydrocarbon  of  the  fatty  group  belonging  to  this  series,  is  isomeric  with 
benzene,  but  differs  greatly  from  that  body  in  its  properties.  It  is  pre- 
pared by  distilling  diallyl  tetrabromide,  CgH,oBr4,  with  a  large  excess  of 
caustic  potash,  whereby  it  is  converted  into  dibromodiallyl,  CgHgBr,,  and 
boiling  the  latter  with  alcoholic  potash : 

H,C— CH=CHBr  H,C— C^CH 

I  —       2HBr        =a  I 

H.C— CHZlCHBr  HjC— C^CH 

]>ibromodiallyi.  Dipropargyl. 

Dipropargyl  is  a  mobile,  limpid,  highly  refractive  liquid,  having  an  in- 
tensely pungent  odor,  a  specific  gravity  of  0.81  at  180  C.  (64.40  F.),  and 
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,    Propene  yields  three  series  of  mon  atomic  haloid  ethers :  e.  g.^ 

(1.)  (2.)  (3.) 

CH,  CHg  CH,Br 

CH  CBr  CH 

II  0  II 

CHBr  CH,  CH, 

1.  The  only  known  ether  of  the  first  group  is  the  bromide,  which  is  a 
liquid  boiling  at  48^  C.  (118.4P  F.),  produced  by  addition  of  hjdrobromic 
acid  to  allylene : 

CH,— C=CH  +  HBr  =  CH,— CH" CHBr. 

2.  The  ethers  of  the  second  group,  called  chloropropene,  etc.,  are 
formed  bj  the  action  of  alcoholic  potash  on  the  chloride,  etc.,  of  propene, 
the  action  consisting  in  the  abstraction  of  HCl,  etc.  (p.  515)  : 

CH,— CHCl— CHjCl  —  HCl  =  CHf-CClzzCH, ; 

also  from  acetone  chloride  (p.  519)  ; 

CH,— CCl,— CH,  —  Ha  =  CH,— CairCH,. 

Chloropropene  has  a  specific  gravity  of  0.918  at  90  C.  (48.20  F.),  and  boila 
at  230  G.  (73.40  p.).  Bromopropene  has  a  specific  gravity  of  1.411  at  ISO  c. 
(590  F.),  and  boils  at  67.60  C.  (135.70  F.).  It  unites  directly  with  hydro- 
gen bromide,  forming  propene  bromide,  CH, — CHBr — CH,Br,  and  ace- 
tone bromide,  CH, — CBr, — CH,. 

3.  The  ethers  of  the  third  group,  called  allyl  ethers,  are  analogous 
in  constitution  to  allyl  alcohol,  CH,OH — CHizCH,,  and  will  be  described 
in  connection  therewith. 
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Diatomic  Halofd  Ethers^  C^H^^X,. 

These  ethers  are  formed :  1.  From  the  paraffins,  by  direct  substitution 
of  ClgBr,,  etc.,  for  H,.  2.  From  the  defines,  C„H,„,  by  direct  addition  of 
CI,,  etc.  3.  By  the  action  of  the  chlorides,  bromides,  and  iodides  of  phos- 
phorus on  aldehydes  and  ketones ;  thus, 


CjH^O 
Aldehyde. 

+ 

PCI, 

=        CjH^Cl, 
Diohlorethane. 

+ 

POCl, 

C,H,0 
Acetone. 

+ 

PCI4 

=         C,H-C1, 
Bichloro- 
propane. 

+ 

POCl, 

Methane  Derl^atlTes. — Dichloromethane ^  CH,C1„  is  formed 
by  chlorination  of  methyl  chloride,  CH,C1 ;  and  by  the  aotion  of  chlorine 
on  di-iodomethane  or  on  methyl  iodide : 

CH,I  +  CI,  =  CH,a,  -f  HI. 

It  is  a  colorless  liquid,  having  a  specific  gravity  of  1.36  at  OO,  and  boil- 
ing at  40O  C.  (IO40  Fi). 

Di-xodomeiKane^  OH,I„  is  produced  by  heating  trichloro-  or  tri-iodo- 
methane  to  130O  C.  (2660  F.)  with  fuming  hydriodic  acid : 

CHCl,  4-  4HI  =  CH,T,  +  I,  +  3HC1. 
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It  crystallizes  in  colorless  shining  Iamin»  of  specific  gravity  3.34  at  (P, 
melts  at  60  C.  (42.8  F.),  and  boils  at  1820  C.  (359.60  F.). 

Bthane  DerivatlveB,  C^H^X,. — These  ethers  admit  of  two  modi- 
fications, accordingly  as  the  two  atoms  of  the  chlorous  radicle  X  are  attached 
to  different  atoms,  or  to  the  same  atom  of  carbon ;  thus 


CH,X 
CH,X 


CH, 


HX,. 


The  ethers  of  the  first  modification  are  formed  by  direct  addition  of 
chlorine,  bromine,  or  iodine,  to  ethene ;  the  double  linking  of  the  two  car- 
bon-atoms in  the  molecule  of  free  ethene  being  loosened  by  the  entrance  of 
the  two  chlorine-atoms  into  the  group,  and  the  ethene  then  becoming  a 
bivalent  radicle ;  thus, 


CH, 

II        + 
CH, 


CI, 


CH,C1 

I 
CH,C1. 


These  ethers  are  accordingly  regarded  as  chloride,  bromide,  or  iodide  of 
ethene. 

The  ethers  of  the  second  modification  are  produced  by  the  action  of  the 
perchloride,  etc.,  of  phosphorus  on  aldehyde,  the  reaction  consisting  in  the 
replacement  of  the  oxygen-atom  of  this  compound  by  2  atoms  of  chlorine, 
etc*  I  €,  g.f 


CH, 


i 


;ho 


+       PClj.Cl, 


CH, 

=        I  + 

CHCl, 


PC1,0. 


Fig.  172. 


They  may  be  supposed  to  contain  the  bivalent  radicle  ethidene,  CH3 
CHZI ;  but  this  radicle  has  not  been  isolated. 

CH,a 
Bthene  Chloride,  I  — ^This  compound  has 

CH^a 
long  been  known  by  the  name  of  Dutch  liquid,  having 
been  discovered  by  four  Dutch  chemists  in  1795. 
When  equal  measures  of  ethene  gas  and  chlorine 
are  mixed  over  water,  absorption  of  the  mixture 
takes  place,  and  a  yellowish  oily  liquid  is  produced, 
which  collects  upon  the  surface  of  the  water,  and 
ultimately  sinks  to  the  bottom  in  drops.  It  may  be 
easily  prepared,  in  quantity,  by  causing  the  two 
gases  to  combine  in  a  glass  globe  (fig.  172)  having  a 
narrow  neck  at  the  lower  part,  dipping  into  a  small 
bottle,  to  receive  the  product.  The  two  gases  are 
conveyed  by  separate  tubes,  and  allowed  to  mix  in 
the  globe,  the  ethene  gas  being  kept  a  little  in  ex- 
cess. The  chlorine  should  be  washed  with  water, 
and  the  ethene  passed  through  strong  oil  of  vitriol, 
to  remove  vapor  of  ether :  the  presence  of  sulphu- 
rous and  carbonic  acids  is  not  injurious.  Combina- 
tion takes  place  very  rapidly,  and  the  liquid  product 
trickles  down  the  sides  of  the  globe  into  the  receiver. 
When  a  considerable  quantity  has  been  collected,  it 
is  agitated,  first  with  water,  and  afterwards  with 
concentrated  sulphuric  acid,  and,  lastly,  purified  by  distillation. 
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Pure  ethene  chloride  is  a  thin,  colorless  liquid,  of  fragrant  odor  and 
sweet  taste :  it  is  slightly  soluble  in  water,  and  readily  so  in  alcohol  and 
ether.  It  has  a  specific  gravity  1.271  at  0©,  and  boils  at  85©  c.  (1850  p.). 
It  is  unaffected  by  oil  of  vitriol  or  solid  potassium  hydrate.  When  in- 
flamed it  burns  with  a  greenish,  smoky  light.  When  treated  with  an 
alcoholic  solution  of  potash,  it  is  slowly  resolved  into  potassium  chloride, 
which  separates,  and  chlorethene,  C2H3CI,  whose  vapor  requires  to  be 
cooled  down  to  — 180  C.  ( — 0.4P  F.)  before  it  condenses  ;  at  this  tempera^ 
ture  it  forms  a  limpid,  colorless  liquid.  Chlorine  is  absorbed  by  this  lat- 
ter substance,  and  a  compound  is  produced,  which  contains  C3H3CI3 ;  and 
this  is  in  turn  decomposed  by  an  alcoholic  solution  of  potash  into  potas- 
sium chloride  and  another  volatile  liquid,  C^H^Cl,.  This  series  of  reactions 
is  analogous  to  that  already  noticed  in  the  case  of  the  bromine  compounds 
(p.  515). 

Ethidene  Chloride,  CH3 — CHCl,,  is  host  prepared  by  the  action  of 
phosphoric  chloride  on  aldehyde :  it  is  also  formed  by  the  action  of  chlo- 
rine on  ethyl  chloride.  It  is  a  colorless  liquid  smelling  like  chloroform, 
having  a  specific  gravity  of  1.198,  and  boiling  at  58CL-590  C.  (130.4-138.20 
F.).  When  subjected  to  the  action  of  chlorine,  it  yields  the  compounds 
CHj.CClj  and  CHjCl.CHClj,  together  with  other  products. 

Bthene  Bromide,  CHjBr — CHjBr,  obtained  by  saturating  bromine  with 
olefiant  gas,  is  an  oily  fragrant  liquid,  of  specific  gravity  2.163  at  21©  C. 
(69.80  F.),  boiling  at  1290  C.  (264.20  F.),  and  soUdifying  at  0©  to  a  crys- 
talline mass  which  melts  at  90  C.  (48.20  F.). 

Etbidene  Bromide,  CH«-^HBr,,  obtained  similarly  to  the  chloride, 
is  a  liquid  boiling  at  110-1140  C.  (230-237.20  F.),  and  decomposing  when 
heated  with  water. 

These  two  bromides  are  also  formed  by  heating  monobromethene, 
CH^^CHBr,  with  hydrobromic  acid,  the  ethene  compound  when  the  acid 
is  highly  concentrated,  the  ethidene  compound  when  it  is  more  dilute. 

Bthene  Iodide,  CHjI — CH^I,  is  produced  by  the  direct  combination  of 
iodine  with  ethene  in  sunshine  or  under  the  influence  of  heat,  also  by 
passing  ethene  gas  into  an  alcoholic  solution  of  iodine.  It  crystallizes  from 
alcohol  in  shining  needles,  melts  at  730  C.  (163.4P  F.),  and  decomposes  at 
higher  temperatures  into  ethene  and  iodine. 

Bthidene  Iodide,  CH3I — CHI,,  is  obtained  by  heating  the  chloride  with 
aluminium  iodide : — 

SC^n^Cl,  +  2AII3  =  2AICI3  +  3C,HJj ; 

also  by  addition  of  hydriodic  acid  to  acetylene  :  C^H,  -|-  2HI  ^CjH^I,.  It 
is  a  liquid  having  a  specific  gravity  of  2.84  at  OO,  and  boiling  at  1780  C. 
(352.40  F.). 

Propane  Derivatives,  CjH^X,. — ^The  diatomic  ethers  derived 
from  propane  admit  of  four  modifications,  as  exhibited  by  the  following 
formulae  of  the  bromide  :— 

1.  Propidene         2.  Propene     &  Methylbrom-   4.  Trimethene 
bromide.  bromide.  Acetol.  bromide. 

CHj  CH3  CHj  CHjBr 

CH,  CHBr  CBr,  CH, 

J,  ]  I  I 

CHBra  CH,Br  CH3  CH,Br 
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1.  The  propideno  or  propylidene  ethers  are  formed  by  the  action 
of  phosphorus  peiitacliloride,  etc.,  on  propylic  aldehyde,  CHj — C'H, — CllO. 
The  chloride  is  a  liquid  having  an  alliaceous  odor,  and  boiling  at  84-87°  C. 
(183.2-188.60  F.).     The  bromide  and  iodide  are  not  known. 

2.  The  propene  or  propylene  ethers  are  formed  by  direct  com- 
bination of  propene  with  chlorine,  bromine,  and  iodine.  When  treated 
with  silver  oxide  and  water  they  are  converted  into  propene  alcohol  or  pro- 
pylene glycol,  CH3— CHOH— CHjOH. 

The  dUoride,  CU,p-CliCl— CH,C1,  is  also  formed  by  the  action  of  chlo- 
rine, in  sunshine  and  in  presence  of  iodine,  on  pseudopropyl  chloride, 
CH3 — CHCl — CHj.  If  iodine  is  not  present,  acetone  chloride  is  formed  at 
the  same  time,  Propene  chloride  has  a  specific  gravity  of  1.166  at  140  C. 
(57.20  F.),  and  boils  at  98©  C.  (208.40  F.).  The  bromide,  formed  by  direct 
combination  or  by  the  action  of  bromine  on  pseudopropyl  bromide,  is  a 
liquid  of  specific  gravity  1.946  at  17^  C.  (62.60  F.),  and  boUing  at  1420 
C.  (287. 6O  F.).  The  iodide^  produced  by  direct  combination  of  propene 
with  iodine  at  50O  C.  (1220  F.),  is  a  colorless  oil  not  distillable  without 
decomposition. 

The  chloride  or  bromide  of  propene  heated  with  water  at  200O  C.  (3920 
F.)  is  converted  into  propionic  aldehyde  and  acetone  :«- 

CH*  CHa  CH« 

I  11 

2  CHCl    +    2H,0    =r     CH,    +    CO    +    4Ha 

I  I  i 

ClLCl  CHO  CH. 


•^8 


Pro|#ene  Proplooio    Aoetone. 

ohloride.  aldehyde. 

3.  The  propene  derivatives  of  the  form  CHj — CXj — CH3,  are  produced 
from  acetone  by  substitution  of  CI2  or  Br^  for  0,  the  substitution  being 
effected  by  the  action  of  PCI5  or  PBr^. 

Acetone  chloride,  or  Methylchloracetol,  CHj — CCl^ — CHj,  is  also  produced, 
together  with  propene  chloride,  by  addition  of  HCl  to  allylene,  C3II4,  thus : 


CH.  CH,  CH, 

i  I  I 

2C        +  4HC1     =     CCL  +    CHCl 

III  J,  i 

CH  CH.  CH,C1 


and  by  chlorination  of  pseudopropyl  chloride.  It  is  a  colorless  liquid  of 
specific  gravity  1.827  at  16©  C.  (60.80  F.),  and  boiling  at  70O  C.  (1580 
F.).  Sodium  reduces  it  to  ordinary  propene.  With  alcoholic  potash  it 
gives  chloropropene,  CH3 — CCl  "CHj,  which  is  also  formed  in  the  same 
manner  from  propene  dichloride.  Heated  to  150O  C.  (302O  F.)  with  water, 
it  is  partially  converted  into  acetone. 

4.  Trimethene  Bromide,  CH.^Br—CHj—CHjBr,  is  formed  by  heat 
ing  allyl  alcohol,  CH,i::CH — CH^OH,  witli  hydrobromic  acid  ;  also,  together 
with  propene  bromide,  by  heating  allyl  bromide  to  lOOO  with  hydrobromic 
acid.  It  is  a  colorless  liquid,  of  specific  gravity  1.93  at  190  C.  (66.20  F.), 
and  boiling  at  1620  C.  (323.60  F.);  converted  by  alcoholic  potash  into  allyl 
bromide  and  allyl-ethyl  oxide,  CHj^CH— CH^— 0— CjHg. 

Trimethene  chloride,  CH^C  1— CHj— CH^Q ,  formed  by  heating  the 
bromide  to  1690  C.  (336.20  F.)  with  mercuric  chloride,  is  a  fragrant  liquid 
having  a  specific  gravity  of  1.201  at  150  C.  (590  F.),  Iwiling  at  1170  C. 
242,60  F,);  converted  by  alcoholic  potash  into  allyl-ethyl  oxide. 
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Triatomic  HaloXd  Ethers ^  C„Hjn__iXj. 

Methenyl  Chloride  or  Chloroform,  CHCI3. — ^This  compound  is  pro- 
duced :  1.  Together  with  methane  chloride,  CHjCl,,  when  a  mixture  of 
chlorine  and  gaseous  methyl  chloride  is  exposed  to  the  sun's  rays.  2.  By 
the  action  of  alkalies  on  chloral  (trichloraldehyde) : — 

CjHClaO    -f    KOH    =     CHCl,    +    CHKO, 
dnloral.  Ohloroform.     PotassiuoL 

formate. 

3.  By  boiling  trichloracetic  acid  with  aqueous  alkalies  :— 

CjHa,0,    +  2K0H     =    CHCl,    +    K,CO,    +    H,0. 

4.  By  the  action  of  nascent  hydrogen  on  carbon  tetrachloride  :— 

CCI4    +     H,     =    HCl    4-    CHClj. 

6.  By  the  action  of  hypochlorites,  or  of  chlorine  in  presence  of  alkalies, 
on  various  organic  substances,  as  methyl-,  ethyl-,  and  amyl-alcohols, 
acetic  acid,  acetone,  etc.  The  reaction  is  complicated,  giving  rise  to  several 
other  products  ;  with  common  alcohol  and  calcium  hypochlorite  the  prin- 
cipal reaction  appears  to  be^ 

2C,H^0  4-  5CaCl,0,  =  2CHC1,  -{-  2CaC08  -f  2CaClj  +  CaH,0,  +  4H,0. 

Chloroform  is  prepared  on  the  large  scale  by  cautiously  distilling  to- 
gether good  commercial  chloride  of  lime,  water,  and  alcohol.  The  whole 
product  distils  over  with  the  first  portions  of  water,  so  that  the  operation 
may  be  soon  interrupted  with  advantage.  The  chloroform,  which  consti- 
tutes the  oily  portion  of  the  distillate,  is  purified  by  agitation  with  water, 
desiccation  with  calcium  chloride,  and  distillation  in  a  water-bath. 

Chloroform  is  a  thin  colorless  liquid  of  agreeable  etliereal  odor,  much 
resembling  that  of  Dutch  liquid,  and  of  a  sweetish  taste.  Its  density  is 
1.525  at  00,  and  it  boils  at  6I0  C.  (141.8  F.):  the  density  of  its  vapor 
(compared  with  air)  is  4.20.  Chloroform  is  difficult  to  kindle,  and  burns 
with  a  greenish  flame.  It  is  nearly  insoluble  in  water,  and  is  not  affected 
by  concentrated  sulphuric  acid.  When  boiled  with  aqueous  potash  in  a 
closed  tube,  it  is  converted  into  potassium  chloride  and  formate  :— 

CHCl,  -I-  4nOK  ==  3KC1  +  CHKO,  +  2HjO. 

Chloroform  is  well  known  for  its  remarkable  effects  n})on  the  animal  system 
n  producing  temporary  insensibility  to  pain  when  its  vapor  is  inhaled. 

Bromoform,  CHBr,,  is  a  heavy,  volatile  liquid,  prepared  by  the  simul- 
taneous action  of  bromine  and  aqueous  alkalies  on  alcohol,  wood-spirit, 
and  acetone.  It  has  a  density  of  2.9  at  120  C.  (53.60  F.),  solidifies  at  — 90 
C.  (15.80  F.),  and  boils  at  150-152O  C.  (302-305.60  F.).  It  is  converted 
by  caustic  potash  into  potassium  bromide  and  formate. 

Iodoform,  CHI3,  is  a  solid,  yellow,  crystallizable  substance,  easily  ob- 
tained by  adding  alcoholic  solution  of  potash  to  tincture  of  iodine,  avoid- 
ing excess,  evaporating  the  whole  to  dryness,  and  treating  the  residue 
with  water.  It  melts  at  1190  C.  (246.20  F.),  and  distils  with  vapor  of 
water.  It  is  nearly  insoluble  in  water,  but  dissolves  in  alcohol,  and  is 
decomposed  by  alkalies  in  the  same  manner  as  the  preceding  compounds. 
Bromine  converts  it  into  bromiodoform,  CHBr,I,  a  colorless  liquid 
which  solidifies  at  OO.    Iodoform  distilled  with  phosphorus  pentachloride 
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or  merourio  chloride,  is  converted  into  chloriodoform,  CHCljI,  a 
colorless  liquid  of  specific  gravity  1.90,  which  does  not  solidify  at  any 
temperature. 

Trlohlorethane,  C2H3CI3,  admits  of  two  modifications,  viz. :  (1)  OH, 
-^CClj,  formed  by  the  action  of  chlorine  in  sunshine  on  ethyl  chloride. 
It  is  a  liquid  smelUng  like  chloroform,  boiling  at  74.50  c.  (167.90F.),  and 
oonverted  by  alcoholic  potash  into  acetic  acid  :^ 

CHj.CGtt,  +  4K0H  =  CHj.CO.OK  +  3KC1  +  2H,0. 

(2)  CHjCl — CHCl,,  obtained  by  the  action  of  chlorine  on  vinyl  chloride, 
H,a=CHCl  (see  Viutl  Alcohol).  It  boils  at  1150  C.  (2390  F.),  and  has  a 
specific  gravity  of  1.422  at  (P.  Alcoholic  potash  solution  converts  it  into 
dichlorethene,  C^H^Cli. 

Tribromethane,  CsHgBr,,  is  obtained  by  adding  bromine  to  bromethene, 
CsHjBr,  cooled  by  a  freezing  mixture.  It  is  a  colorless  liquid,  which 
smells  like  chloroform,  has  a  specific  gravity  of  2.620  at  230  C.  (73.40  p.), 
and  boils  at  186.50  C.  (367.7<^  F.).  Alcoholic  potash  abstracts  UBr,  con- 
verting it  into  dibromethene,  CjUsBr,. 

Triohloropropane,  C,H5C1,,  admits  of  four  modifications,  represented 
by  the  following  formuls  : — 

(1)  CH,— CH,— CCI5.  (3)  CH,— CCI2— CH2CI. 

(2)  CH,— CHCl— CHCl,.  (4)  CH,C1— CHOI— CHjCl. 

The  last  of  these,  which  is  the  most  important,  is  analogous  in  composi- 
tion to  glycerin,  C,H5(0U)j,  and  will  be  described,  together  with  the  cor- 
responding bromine-  and  iodine-derivatives,  in  connection  with  that 
compound. 


Haloid  Ethers  of  Higher   Orders. 

Tetrachloromethane,  or  Carbon  Tetraohloride,  CCI4,  is  formed 
by  passing  the  vapor  of  carbon  bisulpliide,  together  with  chlorine,  through 
a  red-hot  porcelain  tube.  A  mixture  of  sulphur  chloride  and  carbon  tetra- 
ohloride is  formed,  which  is  distilled  with  potash,  whereby  the  chloride  of 
sulphur  is  decomposed,  and  pure  carbon  tetrachloride  passes  over.  It  is 
a  colorless  liquid  of  1.56  specific  gravity,  and  boils  at  770  C.  (170.6OF.). 
The  same  compound  is  formed  by  exhausting  the  action  of  chlorine  upon 
marsh-gas  or  methyl  chloride  in  sunshine.  An  alcoholic  solution  of  pot- 
ash converts  it  into  a  mixture  of  potassium  chloride  and  carbonate. 

Tetrabromomethane,  or  Carbon  Tetrabromide,  CBr^,  is  formed 
by  the  action  of  bromine,  in  presence  of  iodine  bromide  or  antimonious 
bromide,  on  carbon  sulphide,  bromopicrin,  bromoform,  or  chloroform.  It 
is  a  white  crystalline  substance,  having  a  specific  gravity  of  3.42  at  14^ 
C.  (57.20  F.),  melts  at  91©  C.  (195.8  F.),  and  boils  with  slight  decomposi- 
tion at  189.50C.  (373.10F.).  Heated  to  100©  with  alcohol  in  a  sealed 
tube,  it  yields  hydrogen  bromide,  aldehyde,  and  bromoform  : — 

CB^  -I-  C,HgO  =.  HBr  -f  C.H^O  -|-  CHBr,. 

Tetra-iodomethane,  or  Carbon  Tetra-lodide,  CI4,  is  produced  by 
heating  tetrachlorethane  with  iodide  of  aluminium.     It  crystallizes  from 

44* 
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ether  in  dark-red  regular  octohedrons  of  speciJQo  gravity  4.32  at  20O  C. 
(680  P.),  and  decomposes  on  exposure  to  the  air,  especially  at  high  temper 
atures,  yielding  iodine  and  carbon  dioxide. 

Tetrabromethanoi  CjHjBr^,  formed  by  direct  combination  of  bromine 
with  dibromethane,  CjHjBr,,  or  with  acetylene,  C,Hg,  is  a  liquid  having  a 
specific  gravity  of  2.88  at  220  C.  (71.6^^  F.),  boiling  at  200©  C.  (3920  F.), 
and  solidifying  in  a  freezing  mixture  to  a  white  crystalline  mass.  By 
heating  with  alcoholic  potash  it  is  converted  into  tribromethene. 
CHBrg.  ' 

Tetrabromethene,  or  Carbon  Dibromide,  C^Br^,  is  formed  by  the 
action  of  alcoholic  potash  on  pentabromethane  :— 

CjHBrj  +  KOH  =  C^r^  +  KBr  +  H,0, 
or  by  treating  common  alcohol  or  ether  with  bromine  : — 

CjHeO  +  8Br  =  CjBr^  +  4HBr  +  ELO 
Alcohol. 

C4H10O  4-  16Br  =  2C,Br.  +  8HBr  +  H,0. 
Ether.  ' 

It  crystallizes  in  white  plates,  melts  at  50O  C.  (120.20  F.),  and  sublimes 
without  alteration. 

Tetraohlorethene,  or  Carbon  Dlchloride,  CjCl^,  obtained  by  pass- 
ing the  vapor  of  the  trichloride  or  tetrachloride  through  a  red-hot  tube, 
either  alone  or  mixed  with  hydrogen,  or  by  the  action  of  nascent  hydro- 
gen (zinc  and  dilute  sulphuric  acid)  on  the  trichloride,  is  a  mobile  liquid 
of  specific  gravity  1.629,  boiling  at  II70  C.  (242.60  F.).  When  heated  to 
2000  C.  (3920  F.)  with  potassium  hydroxide,  it  is  completely  converted 
into  potassium  chloride  and  oxalate,  with  evolution  of  hydrogen : 

C,C1^    +    6K0H    B    4KCI    +    C^K^O^    +    2H,0    +    H.. 

It  absorbs  chlorine  and  bromine  in  sunshine,  forming  in  the  one  case  the 
trichloride,  C^Cl^,  and  in  the  other  the  chlorobromide,  G^Cl^Br,. 

Fentabromethene,  CjHBr^,  obtained  by  slowly  distilling  tribrome- 
thene, CjUBr,,  wi£h  bromine,  or  by  the  action  of  bromine  on  acetylene, 
crystallizes  from  alcohol  in  prisms  smelling  like  camphor,  melting  at  45- 
50O  C.  (120.2-122O  F.),  and  decomposed  by  distillation. 

Hezbromethene,  or  Carbon  Tribromide,  C^Br^,  is  formed  by  heat- 
ing the  dibromide  with  bromine  in  a  sealed  tube,  or  by  heating  either  of 
the  compounds,  CjH^r^,  C^HBr^,  with  bromine  in  a  sealed  tube : 

CjHjBr^  -I-  Br^  s=  2HBr  +  CjBrg 
CjHBrj    +  Br,  =a    HBr  +  C,Br,. 

This  compound  dissolves  sparingly  in  alcohol  or  ether,  easily  in  carbon 
sulphide,  from  which  it  separates  on  evaporation  in  hard,  rather  thick  rec> 
tangular  prisms.  At  200-210O  C.  (392-410O  F.)  it  melts  and  decomposes, 
yielding  carbon  dibromide  and  free  bromine. 

Hezchlorethane,  or  Carbon  Trichloride,  0,01,  =  CCl^ — CCI3,  is  the 
final  product  of  the  action  of  chlorine  in  sunshine  on  ethyl  chloride, 
C^HgCl,  or  etheno  chloride,  CjH^Cl,.    It  is  a  white,  crystalline  substance, 
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of  aromatic  odor,  insoluble  in  water,  but  easily  dissolved  by  alcohol  and 
ether  :  it  melts  at  1G(P  C.  (320O  F.),  and  boils  at  1820  C.  (369. 6©  F.).  It 
bums  with  difficulty,  and  is  not  altered  by  distillation  with  aqueous  or 
alcoholic  potash.  Its  vapor,  passed  through  a  red-hot  porcelain  tube  filled 
with  fragments  of  glass  or  rock-crystal,  is  decomposed  into  free  chlorine, 
and  the  diohloride,  C^Cl^. 

Tetraohlorodlbromethane,  or  Carbon  Chlorobromide,  C^Cl^Br,, 
formed  by  the  action  of  bromine  in  sunshine  on  the  dichloride,  CjCl^,  is  a 
white  crystalline  body  resembling  the  trichloride. 

Ctfrbon  monoohloride,  CjCl,,  analogous  to  ethine  or  acetylene,  is 
obtained  by  passing  the  vapor  of  chloroform  or  of  carbon-dichloride  through 
a  red-hot  tube.  It  forms  white  needles,  subliming  between  1750  and  200O 
C.  (347-3920  F.). 


NITROFARAFFINS,  C^Ha^+^CNOj). 

These  compounds,  isomeric  with  the  nitrous  ethers  of  the  fatty  series, 
are  produced,  together  with  the  latter,  by  the  action  of  silver  nitrite  on 
the  iodoparaffins  or  alcoholic  iodides, — ^nitromethane,  for  example,  from 
methyl  iodide : 

H,CI    +    AgNO,    «    Agl    +    H,CNO,. 

They  are  also  formed  by  the  action  of  nitrogen  tetroxide,  or  of  fuming 
nitric  acid,  on  the  hydrocarbons  of  the  ethene  series  ; 

C,H,    +    N,0,    =    C,H/NO,), 
Ethene.  Dinitroethane. 

They  have  their  nitrogen-atom  in  direct  union  with  a  carbon-atom,  and 
are  consequently  converted  by  nascent  hydrogen  (evolved  from  water  by 
sodium-amalgam)  into  amidoparaffins  or  amines;  e. g,. 


H, 
Nitromethane.  Methylamlne. 


c{Nb.    +     H.    -    2H,0    +     C{j,jj_ 


The  nitrous  ethers,  on  the  other  hand,  which  are  formed  by  the  action 
of  nitrous  acid  on  the  corresponding  alcohols,  have  their  nitrogen  united 
with  carbon,  only  through  the  mediun^  of  oxygen  ;  e.  g,y 

Methyl  Nitroas  Methyl 

alcohol.  acid.  nitrite. 

and  are  accordingly  converted  by  nascent  hydrogen  into  ammonia  and  the 
corresponding  alcohols  ;  e,  g.f 

0<Q      '     +    He    =     H,0    +     NH,    +    0<^  ' 

Methyl  nitrite.  Methyl  alcohoL 

The  nitroparaffins  are  mostly  decomposed,  with  explosion,  when  rapidly 
heated.     They  are  not  decomposed  by  potash  or  soda,  whereas  the  nitrous 
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ethers  are  quickly  resolved  thereby  into  nitrous  acid  and  the  oorrespond- 
ing  alcohols. 

NitTomethane,  CHg.NO,,  is  formed,  as  above  stated,  by  the  action  of 
silver  nitrite  on  methyl  iodide.  The  action  is  very  violent,  and  the  whole 
of  the  methyl  iodide  is  converted  into  nitromethane,  without  a  trace  of  the 
isomeric  methyl  nitrite.  It  is  also  formed  by  heating  the  potassium  salt 
of  monochloracetic  acid  with  potassium  nitrite : 

2(CHgCl.C0,K)     +    2NO2K    +     H,0    =     2(CH,.N0a) 

-f-COgK,    +    2KC1    +    CO, 

Nitromethane  is  a  heavy  oil,  having  a  peculiar  odor,  and  boiling  at  99— 
1010.  When  treated  with  an  alcoholic  solution  of  soda,  it  yields  trans- 
parent needles  of  the  sodium  derivative,  CH^NaCNOj),  the  aqueous  solu- 
tion of  which  gives  characteristic  precipitates  with  various  metallic 
solutions. 

Bromonitromethanef  CHjBr.NOj,  formed  by  the  action  of  bromine  on  the 
dry  sodium  compound,  is  a  heavy,  pungent,  strongly  refracting  liquid, 
boiling  at  143-1440  C.  (289-291.20  F.). 

Nitroethane,  C^H^NO,  =s  CH^j — CH, — ^NO,,  prepared  like  the  methane- 
derivative,  is  a  colorless,  strongly  refracting  liquid,  having  a  fragrant  ethe- 
real odor,  a  specific  gravity  =  1.0582  at  13-^  C.  (56.4^  F.),  and  boiling  at 
111-1130  C.  (231.8-235.40  F.)  :  ethyl  nitrite  boils  at  16©  C.  (60.80  F.). 
The  vapor  is  inflammable,  and  burns  with  a  pale  yellow  flame,  but  does 
not  explode,  even  when  heated  above  its  boiling  point.  By  nascent  hydro- 
gen it  is  converted  into   amidethane   or  ethylamine,  CjHj.NU,. 

Bromonitroethane,  CjH^Br.NOg,  and  dibromonitroeihane^  C2HjBrj.(N0j),  are 
formed  by  the  action  of  bromine  on  sodium-nitrocthane.  The  former  is  a 
heavy  acid  oil,  boiling  at  145-1480  C.  (293-298.40  F.),  the  latter  a  mobile 
neutral  liquid,  boiling  at  162-1640  C.  (323.6-327.20  F.). 

Nitropropanes,  CgH^NOj. — ^There  are  two  isomeric  bodies  having  this 
composition,  obtained  by  the  action  of  silver  nitrite  on  the  iodides  of  normal 
propyl  and  pseudopropyl  respectively. 

Nitropropane,  CH, — CH, — CH, — NO,,  is  a  limpid  mobile  liquid,  very  little 
heavier  than  water,  and  boiling  at  122-1270  C.  (251.6-260.6O  F.). 

P^eudo-nitropropane,  g»^CH— NOj,  boils  at  112-1170  C.  (233.6-242.60 

w 

F.).     Both  form  crystalline  sodium  compounds. 

Nitro-lBobutane,  C^H^NO,  =  |^s^CH— CH^— NO,,  from  isobutyl  io- 
dide, is  an  oil  smelling  like  peppermint,  boiling  at  136-140O  C.  (275-2840 
F.)  and  converted  by  nascent  hydrogen  into  isobutylamine. 

Nltro-lBopentane,  C^HnNO,  =  g»^CH— CH,— CHj^NO,,  formed 

by  the  action  of  silver  nitrite  on  ordinary  amyl  iodide,  boils  at  155-160O 
C.  (311-320O  F.). 

Reactions  of  Nitroparaffins  with  Metallic  Salts. — ^The  following  table  ex- 
hibits the  reactions  of  various  metallic  salts  with  the  sodium  compounds 
of  nitromethane,  nitroethane,  and  the  two  nitropropanes,  which  are  suffi- 
ciently characteristic  to  be  used  for  distinguishing  these  compounds  one 
from  the  other. 
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Sodium-derivative  of 

Nitromethane. 

Nltro-ethane. 

Nitropropane. 

Pseudonitro- 
propaue. 

Mercuric 
chloride. 

Light  yellow 
precipitate ; 
explosive. 

White  crystal- 
line precipi- 
tate. 

White  crystal- 
line precipi- 
tate. 

White  crystal- 
line precipi- 
tate. 

MercurouB 
nitrate. 

Black  flocculent 
precipitate. 

Dirty-gray  pre- 
cipitate. 

Black  flocculent 
precipitate. 

Black  flocculent 
precipitate. 

Ferric 
chloride. 

Dark  brownish- 
red  precipitate. 

Blood-red  color- 
ation. 

Blood-red   solu- 
tion. 

Blood-red   solu- 
tion. 

Gupric 
Bulphate. 

Or  ass-green  pre- 
cipitate. 

Beep-green  so- 
lution. 

Deep-green  so- 
lution. 

Dcei>-green  so- 
lution. 

Lead 
acetate. 

White  precipi- 
tate. 

0 

White  preeipi- 
tote. 

0 

Silver 
nitrate. 

White  precipi- 
tate, almost 
immediately 
turning  black. 

White  precipi- 
tate, soon  turn- 
ing brown. 

White  precipi- 
tate, gradually 
turning  brown. 

Light  yellow 
precipitate, 
■con  turning 
black. 

Action  of  Nitrous  Acid  on  the  Nitroparaffins, — ^The  reactions  of  these  bodies 
with  nitrons  acid  (or  better,  with  potassium  nitrite  and  sulphuric  acid) 
differ  considerably,  according  as  thej  contain  primary,  secondary,  or  ter- 
tiary alcohol-radicles  (p.  496). 

On  treating  the  nitro-oompounds  of  the  primary  alcohol  radicles,  in 
which  the  NO^-group  is  united  to  the  group  CH„  with  potassium  nitrite 
and  dilute  sulphuric  acid,  the  solution  acquires  a  deep-red  color,  and  com- 
pounds called  nitrolic  acids,  having  the  general  formula — 

are  produced  by  sabstitution  of  nitrosyl,  NO,  for  one  of  the  hydrogen- 
atoms  in  the  group,  CHj ;  thus — 

Nitropropane,     ^ 

^  gives 


C,H,-CH,— NO,  j 


\  C,H,. 


Propyl-nitrolic  acid, 
-C^N-OH 


\ 


NO, 


The  nitrolic  acids  are  colorless,  crystalline  bodies,  soluble  in  ether.  Their 
alkali-salts  have  a  deep-red  color  :  hence  the  red  tint  produced  at  the  com- 
mencement of  the  reaction  above  mentioned,  and  disappearing  when  the 
sulphuric  acid  is  added  in  excess. 

The  nitro-compounds  of  the  secondary  alcohol-radicles,  in  which  the 
NO,  is  linked  to  the  group  CH,  give,  when  similarly  treated,  deep-blue 
solutions,  which  after  a  while  deposit  colorless  compounds  called  ps  o  u  do  - 
nitrols  ;  e.  g. — 

£  Isopropyl-pseudonitrol, 
gives  <H3Cv.  p^NO 
(  nfi^  ^  "^NO, 

These  compounds  are  colorless  in  the  solid  state,  dark-blue  in  the  fused 
state  or  in  solution. 


Isonitropropano,  *} 
H.C>CH-NO.    ]  6" 
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The  nitro-compounds  of  the  tertiary  alcohol-radicles,  in  which  the 
NOj-groap  is  associated  only  with  carbon  :  e.  g.,  (CH3)3C.NO,,  are  neither 
decomposed  nor  colored  by  nitrons  acid. 

These  reactions  afford  a  characteristic  and  delicate  test  for  distinguish- 
ing the  primary,  secondary,  and  tertiary  alcohol-radicles  (in  their  iodides) 
from  one  another. 

Nitroparaffins  of  Higher  Orders. 

Trinitromethane,  or  Nitroform,  CHCNO,),,  is  produced  by  the  action 
of  nitric  acid  on  various  organic  compounds,  but  is  most  conveniently  ob- 
tained as  an  ammonium  salt,  C(N02)3NH4,  by  the  action  of  water  or  alcohol 
on  trinitracetonitril  or  cyanotrinitro-methane :  C(NO,)jCN  -|-  2H,0  ■= 
O(N02)3NH4  -\-  COj ;  and  on  treating  the  yellow  crystalline  salt  thus 
formed  with  strong  sulphuric  acid,  nitroform  is  obtained  in  the  free  state. 

JNitroform,  at  temperatures  above  15^  C.  (59^  F.),  is  a  colorless  oil ;  be- 
low that  temperature  it  solidifies  in  colorless  cubic  crystals.  It  is  mode- 
rately soluble  in  water,  forming  a  dark  yellow  solution.  It  cannot  be  dis- 
tilled, as  it  explodes  with  violence  when  heated. 

The  atom  of  hydrogen  in  nitroform  may  be  replaced  either  by  metals  or 
by  chlorous  radicles,  namely,  bromine  and  nitryl.  The  metallic  deriva- 
tives or  salts  of  nitroform^  are  for  the  most  part  yellow  and  crystallizable : 
they  explode  when  heated. 

Bromonitroform,  C(NO,),Br,  produced  by  exposing  nitroform  to  the 
acMon  of  bromine  for  some  days  under  the  influence  of  direct  sunshine, 
or  more  easily  by  treating  an  aqueous  solution  of  mercuric  nitroform, 
Ca(NO,),Hg,  with  bromine,  is  a  colorless  liquid  above  120  C.  (53.60  F.), 
but  solidifies  below  that  temperature  to  a  white  crystalline  mass.  It  is 
somewhat  soluble  in  water,  and  may  be  distilled  with  aqueous  vapor,  or 
in  a  current  of  air.     It  decomposes  at  14(P  C.  (2840  F.). 

Tetranitro methane,  C(N02)4,  is  produced  by  treating  nitroform  with 
fuming  nitric  and  sulphuric  acids,  heating  the  liquid  to  lOOO,  and  passing 
air  through  it.  A  liquid  then  distils  over,  from  which  water  throws  down 
tetranitromethane  as  a  heavy  oil. 

Tetranitromethane  is  liquid  at  ordinary  temperatures,  but  solidifies  at 
130  c.  (55.4P  P.)  to  a  white  crystalline  mass.  It  is  insoluble  in  water, 
but  soluble  in  alcohol  and  ether.  It  boils  at  12G0  C.  (258.80  F.),  and  un- 
like nitroform,  may  be  distilled  without  decomposition.  When  quickly 
heated  it  decomposes,  with  evolution  of  nitrous  vapors,  but  without  explo- 
sion. It  does  not  take  fire  by  contact  with  flame,  but  a  glowing  coal  on 
which  it  is  poured  burns  with  a  bright  light. 

Nltrotrichloromethane,  NitrocbloToform  or  CUoropicrln, 

C(N02)Cl3,  is  produced  by  the  action  of  nitric  acid  on  various  chlorinated 
organic  compounds-chloral,  for  example  ;  also  by  that  of  chlorine^or  hy- 
pochlorites on  uitro-compounds,  such  as  fulminating  silver,  C^NjOjAg,, 
and  picric  acid,  Cjll3(NOj)30.  To  prepaie  it,  10  parts  of  freshly  prepared 
bleaching  powder,  made  into  a  thick  paste  with  water,  are  introduced  into 
a  retort,  and  a  saturated  solution  of  1  part  of  picric  acid  heated  to  3(P  C, 
(8UO  F.)  is  added.  Reaction  then  generally  takes  place,  without  further 
heating,  and  the  chloropicrin  distils  over  with  vapor  of  water, 

Chloropicrin  is  a  colorless  liquid,  having  a  specific  gravity  of  1.665,  and 
boiling  at  1120  C.  (233. GO  F.).  It  has  a  very  pungent  odor,  and  explodes 
when  suddenly  heated.    By  the  action  of  nascent  hydrogen  (evolved  by 
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the  action  of  iron  on  acetic  acid)  it  is  rcdaced  to  amidomethane  or 
meth/lamine  : 

CClj.NO,  +  12H  =  CHj.NHj  +  3HC1  +  2n,0. 

Bromopicrin,  C(N02)Br,,  is  formed  in  like  manner  hy  heating  picric 
acid  with  calcium  hypobromito  (slaked  lime  and  bromine).  It  closely  re- 
sembles chloropicrin,  solidifies  below  lOO  C.  (50O  F.);  and  may  be  distilled 
in  a  vacuum  without  decomposition. 

Dinitrodichlorometliane,  C(N02)3Cl2  (commonly  called  Marignac't 
o{l)f  obtained  by  distilling  chloronaphthaleue  with  nitric  acid,  is  very 
much  like  chloropicrin. 


AMID  O  PARAFFINS. 


These  are  derivatives  formed  by  the  replAcement  of  1,  2,  or  more  hydro- 
gen-atoms in  a  paraffin  by  the  monatomio  radicle  amidogen,  NH, ;  «.  ^., 

Amido-ethane,     C^H^NH, 
Diamido-ethane,  C,H4(NHj),. 

They  are  volatile  and  strongly  basic  compounds,  exhibiting  in  their  be- 
havior with  acids  and  other  bodies  the  closest  resemblance  to  ammonia : 
they  may  indeed  be  regarded  as  derived  from  one  or  more  molecules  of 
ammonia  by  the  substitution  of  alcohol-radicles,  mono-  or  polyatomic,  for 
equivalent  quantities  of  hydrogen :  hence  they  are  called  amines  ;  e,  g., 

Amidoethane     s=:  N  <  H  Ethylamine. 

Diamidoethane  =  N,  j  ^^^^^^^    Ethene-diamine. 

The  mono-derivatives  are  formed  by  the  action  of  reducing  agents  on  the 
mono-nitroparaffins  :  nitroethane,  for  example,  treated  with  iron  and  acetic 
acid,  is  converted  into  ethylamine : — 

C2H5(NO,)     +    Hg    «    2Rfi    +     CjHjNH,. 

But  they  are  more  readily  prepared  by  other  methods,  which,  together 
with  the  propertietf  and  reactions  of  these  bodies,  will  be  discussed  in  a 
future  chapter. 


AZOPARAFFIN8,  NITRILS,  or  C7ANIDE8, 

These  compounds  may  be  regarded  as  derived  from  the  paraffins  by  sub- 
stitution of  trivalent  nitrogen  for  3  atoms  of  hydrogen,  or  as  compounds 
of  nitrogen  with  trivalent  radicles,  C^U^^  ,  (nitrils),  or  as  compounds 
of  the  univalent  radicle,  N"-C —  (cyanogen)  with  a  univalent  radicle 
Cn-iHto-i  or  CpH^4,  ;*  e.  g,, 

»  If  »  — l-jj,  2n— l-2p  +  l. 
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Azometliane,  Methenyl  Nitril,  or  Hjdrogen  Cyanide,  N=C — H. 
Azoethane,  Ethenyl  Nitril,  or  Methyl  Cyanide,  NHEC — CH,. 

Azopropane,  Propenyl  Nitril,  or  Ethyl  Cyanide,  K  ~C — C^H^. 

There  are  aUo  cyanides  deriyed  from  hydrocarbons  belonging  to  the 
aromatic  group,  e.  y.,  phenyl  cyanide,  C^U^N^sCfHj.CN,  from  tolnene. 

Cyanogen  is  obtained  in  the  free  state,  as  already  described  (p.l75) 
by  the  action  of  heat  on  mercuric  cyanide.  It  is  a  colorless,  inflammable 
gas,  of  specific  gravity  26  (li^l.)  Its  molecular  weight  is  therefore  52, 
and  it  is  represented  by  the  formula, 

C,N,  =  K  =C— C^T^, 

which  gives  2  X  12+ 2  X  14=52. 

The  univalent  radicle  CN  is  often  represented  by  the  shorter  formula  Cy. 

In  the  preparation  of  cyanogen  from  mercuric  cyanide,  a  brownish  or 
blackish  substance,  called  paracyanogen,  is  always  formed  in  small 
quantity.  It  is  insoluble  in  water,  and  when  calcined  in  a  gas  which  does 
not  act  upon  it,  such  as  nitrogen  or  carbon  dioxide,  is  completely  volatil- 
ized in  the  form  of  cyanogen  gas,  without  leaving  any  carbonaceous  resi- 
due :  hence  it  appears  to  be  isomeric  or  polymeric  with  cyanogen. 

Hydrogen  Cyanide;  Hydrocyanic  or  Prnsalc  Acid, 

HCN. — This  very  important  compound,  bo  remarkable  for  its  poisonous 
properties,  was  discovered  as  early  as  1782  by  Scheele. 

Pure  anhydrous  hydrocyanic  acid  may  be  obtained  by  passing  dry  sul- 
phuretted hydrogen  gas  over  dry  mercuric  cyanide,  gently  heated  in  a  glass 
tube  connected  with  a  small  receiver  cooled  by  a  freezing  mixture.  It  is 
a  thin,  colorless,  and  exceedingly  volatile  liquid,  which  has  a  density  of 
0.7058  at  7.20  c.  (450  p.),  boils  at  26.10  C.  (8CO  p.),  and  solidifies  when 
cooled  to  — 180  C.  (O.40  p.)  :  its  odor  is  very  powerful  and  most  character- 
istic, much  resembling  that  of  peach-blossoms  or  bitter  almond-oil ;  it  has 
a  very  feeble  acid  reaction,  and  mixes  with  water  and  alcohol  in  all  pro- 
portions. In  the  anhydrous  state  this  substance  constitutes  one  of  the 
most  formidable  poisons  known,  and  even  when  largely  diluted  with  water, 
its  effects  upon  the  animal  system  are  exceedingly  energetic :  it  is  em- 
ployed, however,  in  medicine,  in  very  small  doses.  The  inhalation  of  the 
vapor  should  be  carefully  avoided  in  all  experiments  in  which  hydrocyanic 
acid  is  concerned,  as  it  produces  headache,  giddiness,  and  other  disagree- 
able symptoms  ;  ammonia  and  chlorine  are  the  best  antidotes. 

The  acid  in  its  pure  form  can  scarcely  be  preserved ;  even  when  enclosed 
in  a  carefully  stoppered  bottle,  it  is  observed  after  a  very  short  time  to 
darken,  and  eventually  to  deposit  a  black  substance  containing  carbon, 
nitrogen,  and  perhaps  hydrogen  :  ammonia  is  formed  at  the  same  time,  and 
many  other  products.  Light  favors  this  decomposition.  Even  in  the  di- 
lute state  it  is  apt  to  decompose,  becoming  brown  and  turbid,  but  not 
always  with  the  same  facility,  some  samples  resisting  change  for  a  grwit 
length  of  time,  and  then  solidifying  in  a  few  weeks  to  a  brown  pasty  mass. 

When  hydrocyanic  acid  is  mixed  with  concentrated  mineral  acids,  hydro- 
chloric acid,  for  example,  the  whole  solidifies  to  a  crystalline  paste  of  sal- 
ammoniac  and  formic  acid  : — 

CNH    +    2H,0    «    NH,    +    CH^Oj. 

On  the  other  hand,  when  dry  ammonium  formate  is  heated  to  200O  C. 
(3920  p.),  it  is  almost  entirely  converted  into  hydrocyanic  acid  and  water. 
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Aqueous  solution  of  hydrocyanic  acid  may  be  prepared  by  various  means. 
The  most  economical,  and  by  far  the  best,  where  considerable  quantities 
are  wanted,  is  to  decompose  yellow  potassium  ferrocyanide  at  boiling  heat 
with  dilute  sulphuric  acid.  500  grains  of  the  powdered  ferrocyanide, 
K^FeCy^,  are  dissolved  in  four  or  five  ounces  of  warm  water,  and  intro- 
duced into  a  capacious  flask  or  globe,  connected  by  a  perforated  cork  and 
wide  bent  tube  with  a  Liebig's  condenser  well  supplied  with  cold  water  ; 
300  grains  of  oil  of  vitriol  are  dilated  with  three  or  four  times  as  much 
water  and  added  to  the  contents  of  the  flask  ;  and  the  distillation  is  car- 
ried on  till  about  half  the  liquid  has  distilled  over,  after  which  the  process 
may  be  interrupted.  The  residue  in  the  retort  is  a  white  or  yellow  mass, 
consisting  of  potassio-ferrous  ferrocyanide,  K^Fe^Cyj  (see  p.  534),  mixed 
with  potassium  sulphate. 

2K^Fe"Cy,  +  311,80^  =  6IICy  +  KiFe^gCy,  +  3^,80^. 

When  hydrocyanic  acid  is  wanted  for  the  purposes  of  pharmacy,  it  is 
best  to  prepare  a  strong  solution  in  the  manner  above  described,  and  then, 
having  ascertained  its  exact  strength,  to  dilute  it  with  pure  water  to  the 
standard  of  the  Pharmacopoeia,  viz.,  2  per  cent,  of  real  acid.  This  ex- 
amination is  best  made  by  precipitating  with  excess  of  silver  nitrate  a 
known  weight  of  the  acid  to  bo  tried,  collecting  the  insoluble  silver  cyanide 
upon  a  small  filter  previously  weighed,  then  washing,  drying,  and  lastly, 
re-weighing  the  whole.  From  the  weight  of  the  cyanide  that  of  the  hydro- 
cyanic acid  can  be  easily  calculated,  a  molecule  of  the  one  (CNAg  =  134), 
corresponding  with  a  molecule  of  the  other  (GNII=m27);  or  the  weight  of 
the  silver  cyanide  may  be  divided  by  5,  which  will  give  a  close  approxi- 
mation to  the  truth. 

Another  very  good  method  for  determining  the  amount  of  hydrocyanic 
acid  in  a  liquid  has  been  suggested  by  Liebig.  It  is  based  upon  the  pro- 
perty possessed  by  potassium  cyanide  of  dissolving  a  quantity  of  silver 
cyanide  sufficient  to  produce  with  it  a  double  cyanide,  KCy.AgCy.  Hence 
a  solution  of  hydrocyanic  acid,  which  is  supersaturated  with  potash,  and 
mixed  with  a  few  drops  of  solution  of  common  salt,  will  not  yield  a  per- 
manent precipitate  with  silver  nitrate  before  the  whole  of  the  hydrocyanic 
acid  is  converted  into  the  above  double  salt.  If  we  know  the  amount  of 
silver  in  a  given  volume  of  the  nitrate  solution,  it  is  easy  to  calculate  the 
quantity  of  hydrocyanic  acid  ;  for  this  quantity  will  stand  to  the  amount 
of  silver  in  the  nitrate  consumed,  as  2  molecules  of  hydrocyanic  acid  to  1 
atom  of  silver,  i.  e. : 

108  :  54  =s  silver  consumed  :  x. 

It  is  a  common  remark,  that  the  hydrocyanic  acid  made  from  potassium 
ferrocyanide  keeps  better  than  that  made  by  other  means.  The  cause  of 
this  is  ascribed  to  the  presence  of  a  trace  of  mineral  acid.  Everitt  found 
that  a  few  drops  of  hydrochloric  acid,  added  to  a  large  bulk  of  the  pure 
dilute  acid,  preserved  it  from  decomposition,  while  another  portioH,  not  so 
treated,  became  completely  spoiled. 

A  very  convenient  process  for  the  extemporaneous  preparation  of  an 
acid  of  definite  strength,  is  to  decompose  a  known  quantity  of  potassium 
cyanide  with  solution  of  tartaric  acid  :  100  grains  of  crystallized  tartaric 
acid  in  powder,  44  grains  of  potassium  cyanide,  and  2  measured  ounces  of 
distilletl  water,  shaken  up  in  a  phial  for  a  few  seconds,  and  then  left  at 
rest,  in  order  that  the  precipitate  may  subside,  will  yield  an  acid  of  very 
nearly  the  required  strength.  A  little  alcohol  may  be  added  to  complete 
the  separation  of  the  cream  of  tartar  ;  no  filtration  or  other  treatment  need 
be  employed. 
45 
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Bitter  almonds,  the  kernels  of  plums  and  peacbeS)  the  seeds  of  the 
apple,  the  leaves  of  the  cherry-laurel,  and  various  other  parts  of  plants 
biilonging  to  the  great  natural  order  Rosacea:,  yield  on  distillation  with 
water  a  sweet-smelling  liquid  containing  hydrocyanic  acid.  This  is  pro- 
bably due  in  all  cases  to  the  decomposition  of  a  sul)8tauce  called  amygdalin 
under  the  influence  of  cmulsin  or  syuaptase,  a  nitrogenized  ferment  pre- 
sent in  the  organic  structure  (see  Glucosldes)  .  The  reaction  is  expressed 
by  the  equation  : 

Qlucoae. 

Hydrocyanic  acid  exists  ready  formed  to  a  considerable  extent  in  the  juice 
of  the  bitter  cassava. 

The  presence  of  hydrocyanic  acid  is  detected  with  the  utmost  ease  :  its 
remarkable  odor  and  high  degree  of  volatility  almost  sufficiently  charac- 
terize it.  With  solution  of  silver  nitrate  it  gives  a  dense  curdy  white  pre- 
cipitate, much  resembling  the  chloride,  but  differing  from  that  substance 
in  not  blackening  so  readily  by  light,  in  being  soluble  in  boiling  nitric 
acid,  and  in  suffering  complete  decomposition  when  heated  in  the  dry  st^ite, 
metallic  silver  being  left :  the  chloride,  under  the  same  circumstances, 
merely  fuses,  but  undergoes  no  chemical  change.  The  protluction  of  Prus- 
sian blue  by  "  Scheele's  test"  is  an  excellent  and  most  decisive  experiment, 
which  may  be  made  with  a  very  small  quantity  of  the  acid.  The  liquid 
to  be  examined  is  mixed  with  a  few  drops  of  solution  of  ferrous  sulphate 
and  an  excess  of  caustic  potash,  and  the  whole  exj^osed  to  the  air  for  10 
or  15  minutes,  with  agitation,  whereby  the  ferrous  salt  is  partly  converted 
into  ferric  salt :  hydrochloric  acid  is  then  added  in  excess,  which  dissolves 
the  precipitated  iron  oxide,  and,  if  hydrocyanic  acid  is  present,  leaves 
Prussian  blue  as  an  insoluble  powder.  The  reaction  will  be  explained  in 
connection  with  the  ferrocyanides  (p.  534). 

Anotlier  very  delicate  test  for  hydrocyanic  acid  will  be  mentioned  in 
connection  with  thiocyanic  acid. 

Metallio  Cyan  idee. — The  most  important  of  the  metallic  cyan- 
ides are  the  Ibllowiug  :  they  bear  the  most  perfect  analogy  to  the  haloi'd- 
salts. 

Jhtasmim  Cyanide,  CNK  or  KCy. — Potassium  heated  in  cyanogen  gas, 
takes  lire  and  burns  in  a  very  beautiful  manner,  yielding  potassium  cyanide : 
the  same  substance  is  produced  when  potassium  is  heated  in  the  vapor  of 
hydrocyanic  acid,  hydrogen  l)eing  liberated.  When  pure  nitrogen  is 
transmitted  through  a  white-hot  tube  cont<aiuing  a  mixture  of  potassium 
carbonate  and  charcoal,  a  small  quantity  of  potassium  cyanide  is  formed, 
which  settles  on  the  cooler  portions  of  the  tube  as  a  white  amorphous 
powder  :  carbon  monoxide  is  at  the  same  time  evolved.*  When  azotized 
organic  matter  of  any  kind,  capable  of  furnishing  ammonia  by  destruc- 
tive distillation,  as  horn-shavings,  parings  of  hides,  etc.,  is  heated  to 
redness  with  potassium  carbonate  in  a  close  vessel,  a  very  abundant  pro- 
duction of  potassium  cyanide  results,  which  cannot,  however,  be  advan- 
tageously extracted  by  direct  means,  but  in  practice  is  always  converted 
into  ferrocyanide,  which  is  a  much  more  stable  substance,  and  crystallizes 
better. 

•  AccordlD}!^  to  the  experiments  of  Mar^ueritte  and  De  SourdevAl,  the  formation 
of  cyanide  appeirs  to  be  more  Abundnnt  if  the  potash  be  replaced  by  baryta.  If 
\\\e  birium  cyanide  thus  formed  be  exposed  to  a  stream  of  superheated  steam  at 
800^  C.  {blip  K),  the  nitrogen  of  the  salt  is  eliminated  in  the  form  of  ammonia. 
Marffueritte  and  I)c  Sourdeval  recommend  this  process  as  a  method  of  preparing 
ammonia  by  means  of  atmospheric  nitrogen. 
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Potassium  cyanide  may  bo  prepared  by  passing  the  vapor  of  liydrocy- 
anic  acid  into  a  cold  alcoholic  solation  of  potash  :  the  salt  is  then  deposited 
in  the  crystalline  form,  and  may  be  separated  from  the  liquid,  pressed 
and  dried.  But  it  is  more  generally  made  from  the  ferrocyanide,  which, 
when  heated  to  whiteness  in  a  nearly  close  vessel,  evolves  nitrogen  and 
other  gases,  and  leaves  a  mixture  of  carbon,  iron  carbide,  and  potassium 
cyanide,  which  latter  salt  is  not  decomposed  unless  the  temperature  is  ex- 
cessively high. 

Liebig  has  given  a  very  easy  and  excellent  process  for  making  potassium 
cyanide,  which  does  not,  however,  yield  it  pure,  but  mixed  with  potassium 
cyanate.  For  most  of  the  applications  of  potassium  cyanide,  electro-plat- 
ing and  gilding,  for  example,  for  wliich  a  considerable  quantity  is  now 
required,  this  impurity  is  of  no  consequence.  Eight  parts  of  potassium 
ferrocyanide  are  rendered  anhydrous  by  gentle  heat,  and  intimately  mixed 
with  three  parts  of  dry  potassium  carbonate :  this  mixture  is  thrown  into 
a  red-hot  earthen  crucible,  and  kept  in  fusion,  with  occasional  stirring, 
until  gas  ceases  to  be  evolved,  and  the  fluid  portion  of  the  mass  becomes 
colorless.  The  crucible  is  left  at  rest  for  a  moment,  and  then  the  clear 
salt  is  decanted  from  the  heavy  black  sediment  at  the  bottom,  which  is 
principally  metallic  iron  in  a  state  of  minute  division.  The  reaction  is 
represented  by  the  equation  : — 

K^FeCy,    +     KjCO,    =     5KCy    +    KCyO    -f    Fe    +     CO,. 
Ferrocyanide.      Oarbonate.       Cyanide.         Cyanate. 

The  product  may  be  advantageously  used,  instead  of  potassium  ferro- 
cyanide, in  the  preparation  of  hydrocyanic  acid,  by  distillation  with 
diluted  oil  of  vitriol. 

Potassium  cyanide  is  often  produced  in  considerable  quantity  in  blast- 
furnaces in  which  iron  ores  are  smelted  with  coal  or  coke. 

Potassium  cyanide  forms  colorless,  cubic  or  octohedral,  anhydrous  crys- 
tals, deliquescent  in  the  air,  and  exceoilingly  soluble  in  water  :  it  dissolves 
in  boiling  alcohol,  but  separates  in  great  measure  on  cooling.  It  is  readily 
fusible,  and  undergoes  no  change  at  a  moderate  red  or  even  white  heat, 
when  excluded  from  air ;  otherwise,  oxygen  is  absorbed  and  the  cyanide 
becomes  cyanate.  Its  solution  always  has  an  alkaline  reaction,  and  when 
exposed  to  the  air  exhales  the  odor  of  liydrocyanic  acid  :  it  is  decomposed 
by  the  weakest  acids,  even  the  carbonic  acid  of  the  air,  and  when  boiled 
in  a  retort  is  slowly  converted  into  potassium  formate,  with  separation  of 
ammonia.     It  is  said  to  be  as  poisonous  21s  hydrocyanic  acid  itself. 

Soiiiuiii  ctfanidey  NaCy,  is  a  very  soluble  salt,  corresponding  closely  with 
the  foregoing,  and  obtained  by  similar  means. 

Ammonium  cyanide,  Nll^Cy,  is  a  colorless,  cry s tall izable,  and  very  vola- 
tile substance,  prepared  by  distilling  a  mixture  of  jwtassium  cyanide  and 
gal-ammoniac ;  or  by  mingling  the  vapor  of  anhydrous  hydrocyanic  acid 
with  ammoniacal  g&s  ;  or,  lastly,  by  pjissing  ammonia  over  red-hot  char- 
coal. It  is  very  soluble  in  water,  subject  to  spontaneous  decomposition, 
and  is  slightly  poisonous. 

Mercuric  cyanide,  Hg(CN)j,  or  HgCyj.— One  of  the  most  remarkable  pro- 
perties of  cyanogen  is  its  powerful  attraction  for  certain  of  the  less  oxidable 
metals,  as  silver,  and  more  particularly  for  mercury  and  palladium.  Dilute 
hydrocyanic  acid  dissolves  finely-powdered  mercuric  oxide  with  the  utmost 
ease ;  the  liquid  loses  all  odor,  and  yields  on  evaporation  crystals  of  mer- 
curic cyanide.  Potassium  cyanide  is  in  like  manner  decomposed  by  m(^rcurio 
oxide,  potassium  hydroxide  being  produced.  Mercuric  cyanide  is  generally 
prepared  from  potassium  ferrocyanide  ;  2  parts  of  the  salt  are  dissolved  in 
15  parts  of  hot  water,  and  3  parts  of  dry  mercuric  sulphate  are  added  ; 
the  whole  is  boiled  for  15  minutes,  and  filtered  hot  from  the  iron  oxide, 
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which  separates.  The  solation,  on  cooling,  deposits  the  mercario  cyiLnide 
in  crystals.  Mercuric  cyanide  forms  wliite,  translucent,  dimetric  prisms, 
much  resembling  those  of  corrosive  sublimate  :  it  is  soluble  in  8  parts  of 
cold  water,  and  in  a  much  smaller  quantity  at  a  higher  temperature,  also 
in  alcohol.  The  solution  has  a  disagreeable  metallic  taste,  is  very  poisonous, 
and  is  not  precipitated  by  alkalies.  Mercuric  cyanide  is  used  in  the  labo- 
ratory as  a  source  of  cyanogen. 

Silver  cyanide,  AgCy,  has  been  already  described  (p.  530). — Zinc  cyanide, 
ZnCy,,  is  a  white  insoluble  powder,  prepared  by  mixing  zinc  acetate  with 
hydrocyanic  acid. — Cobalt  cyanide,  CoCy,,  is  obtained  by  similar  means  :  it 
is  dirty-white,  and  insoluble. — Palladiwn  cyanide,  PdCy,,  forms  a  yellowish- 
white  precipitate  when  the  chloride  of  that  metal  is  mixed  with  a  soluble 
cyanide. — Auric  cyanide,  AuCyj,  is  yellowish-white  and  insoluble,  but  freely 
dissolved  by  solution  of  potassium  cyanide. 

Iron  Cyanides. — ^These  compounds  are  scarcely  known  in  the  separate 
state,  on  account  of  their  great  tendency  to  form  double  salts.  On  adding 
potassium  cyanide  to  a  ferrous  salt,  a  yellowish-red  liocculent  precipitate 
is  formed,  consisting  chiefly  of  ferrous  cyanide,  FeCy,,  but  always  contaiu- 
ing  a  certain  quantity  of  potassium  cyanide,  and  dissolved  as  ferrocyanide 
by  excess  of  that  salt.  Ferric  cyanide,  FojCyg,  is  known  only  in  solution. 
Pelouze  obtained  an  insoluble  green  compound  containing  FejCyg,  or 
FeCyj.Fe^Cyg,  by  passing  chlorine  gas  into  a  boiling  solution  of  potassium 
ferrocyanide. 

The  iron  cyanides  unite  with  other  metallic  cyanides,  forming  two  very 
important  groups  of  compounds,  called  f  err  ©cyanides  and  ferricy- 
a  n  i  d  e  s ,  the  composition  of  which  may  be  illustrated  by  the  respective 
potassium-salts : — 

Ferrocyanide  ....    K^Fe^Cy,,    or  4KCy.Fe"Cy, 
Ferricyanide  ....     KaFe'^Cy,,  or  3KCy.Fo'"Cy,. 

It  will  be  seen  from  these  formulaB,  that  ferro-  and  ferricyanides  contain- 
ing the  same  quantity  of  cyanogen,  differ  from  one  another  only  by  one 
atom  of  univalent  metal,  and,  accordingly,  it  is  found  that  the  former  may 
be  converted  into  the  latter,  by  the  action  of  oxidizing  (metal-abstracting) 
agents,  and  the  latter  into  the  former  by  the  action  of  reducing  (metal- 
adding)  agents.  Thus  potassium  ferrocyanide  is  easily  converted  into  the 
ferricyanide  by  the  action  of  chlorine,  and  many  double  ferrocyanidcs  may 
be  formed  from  ferricyanides  by  the  action  of  alkalies  in  presence  of  a  re- 
ducing agent ;  thus  potassium  ferricyande,  RgFe^'Cy^,  is  easily  converted 
into  ammonio-tripotassic  ferrocyanide,  (NH^)K3Fe"Cyj,  by  the  action  of  am- 
monia in  presence  of  glucose.* 


Ferrocyanides. 

Fotasfliam  Ferrooyanlde,  K^FeCy,,  or  4KCy.PeCy„  commonly  called 
yellow  pruAsiate  o/ jMtash. — This  important  salt  is  formed — 1.  By  digesting 
precipitated  ferrous  cyanide  in  aqueous  solution  of  potassium  cyanide. 

*  The  ferrocyftnldes  and  ferrioyAnldes  are  Bometlmes  regarded  as  salte  of  pecu- 
liar corapound  radicles  containing  iron,  viz.,  ferrocyanogen,  Ke"Cy,,  &nd  ferricyait' 
ogen^  Fe'^'Oyo,  the  first  being  quadrivalent,  the  second  trivalent ;  but  there  ie 
nothing  gained  by  this  assumption.  For  a  discussion  of  the  formulae  of  these  salts, 
and  of  the  double  cyanides  in  general,  see  Watts's  Dictionary  of  Chemistry,  vol. 
ii.  p.  201. 
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2.  By  digesting  ferrous  hydrate  with  potassium  cyanide,  x>o^^  being 
formed  at  the  same  time  : 

CKCy    +     FeHjO,    =    2KH0    +     K^FcCy,. 

3.  Ferrous  cyanide  with  aqueous  potash  : 

3FeCy,    +    4KH0     =    2FeH,0j    +     K^FeCy,. 

4.  Aqueous  potassium  cyanide  with  metallic  iron :  if  the  air  be  ex- 
cluded, hydrogen  is  evolved : 

6KCy    +     Fe    +     2U,0    =    K.FeCye    +    2KH0    +     H, ; 

but  if  the  air  has  access  to  the  liquid,  oxygen  is  absorbed,  and  no  hydro- 
gen is  evolved : 

6KCy    +     Fo    +     n,0    +    O    =    K^FeCy^    +     2K1I0. 

5.  Ferrous  sulphide  with  aqueous  potassium  cyanide  : 

6KCy    +    FeS    =    K,S    4-     K^FeCy.. 

6.  Any  soluble  ferrous  salt  with  potassium  cyanide  ;  e,  g, : 

6KCy    +    FeSO^    =s    K^SO^    -f-    K^PeCy,. 

Potassium  ferrocyauide  is  manufactured  on  the  large  scale  by  the  follow- 
ing process  :  Dry  refuse  animal  matter  of  any  kind  is  fused  at  a  red-heat 
with  impure  potassium  carbonate  and  iron  filings,  in  a  large  iron  vessel 
from  which  the  air  should  be  excluded  as  much  as  possible ;  potassium 
cyanide  is  generated  in  large  quantity.  The  melted  mass  is  afterwards 
treated  with  hot  water,  which  dissolves  out  the  cyanide  and  other  salts, 
the  cyanide  being  quickly  converted  by  the  oxide  or  sulphide*  of  iron  into 
ferrocyauide.  The  filtered  solution  is  evaporated,  and  the  first-formed 
crystals  are  pm-ified  by  re-solution.  If  a  sufficient  quantity  of  iron  be  not 
present,  great  loss  is  incurred  by  the  decomposition  of  the  cyanide  into 
potassium  carbonate  and  ammonia. 

A  new  process  for  the  preparation  of  potassium  ferrocyauide  has  lately 
been  proposed  by  G61is.  It  consists  in  converting  carbon  bisulphide  into 
ammonium  thiocarbonate  by  agitating  it  with  ammonium  sulphide  :  CS,  -f- 
(NH^)3S  a=  (NH4)2CSs,  and  heating  the  product  thus  obtained  with  potas- 
sium sulphide,  whereby  potassium  thiocyanate  (p.  544)  is  formed,  with 
evolution  of  ammonium  sulphide  and  hydrogen  sulphide  : 

2(Nn,)2CS3  4.  KjS  =  2KCNS  +  2(NH^)nS  +  3HjS. 

The  jwtassinm  thiocyanate  is  dried,  mixed  with  finely  divided  metallic 
iron,  and  heated  for  a  short  time  in  a  closed  iron  vessel  to  dull  redness, 
whereby  the  mixture  is  converted  into  potassium  ferrocyauide,  potassium 
sulphide,  and  iron  sulphide  : 

6KCyS  -I-  Pea  =  K^FeGy,  -|-  5FeS  -|-  K,S. 

By  treatment  with  water,  the  sulphide  and  ferrocyanide  of  potassium  are 
dissolved,  and  on  evajioration  the  ferrocyanide  is  obtained  in  crystals.  It 
remains  to*  be  seen  whether  this  ingenious  process  is  capable  of  being 
carrieti  out  upon  a  large  scale. 

Potassium    ferrocyanide    forms    large,    transparent,    yellow    crystals, 

*  The  sulphur  Is  derived  Trom  the  reduced  sulphate  of  the  crude  pearl-ashes  and 
the  aolroftl  substances  used  in  the  mABuractur*. 

4.5» 
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K^FeCje  -|-  3Aq.,  derived  from  an  octoliedron  with  a  sqaare  base:  they 
cleave  with  facility  in  a  direction  parallel  to  the  base  of  the  octohedron,  and 
are  tough  and  difficult  to  powder.  They  dissolve  in  4  parts  of  cold  and  2 
parts  of  boiling  water,  and  are  insoluble  in  alcohol.  They  are  permanent 
in  the  air,  and  have  a  mild  saline  taste.  The  salt  has  no  poisonous  pro- 
perties, and,  in  small  doses  at  least,  is  merely  purgative.  Exposed  to  a 
gentle  heat,  it  loses  3  molecules  of  water,  and  becomes  anhydrous  :  at  a 
high  temperature  it  yields  potassium  cyanide,  iron  carbide,  and  various 
gaseous  products  ;  if  air  be  admitted,  the  cyanide  becomes  cyanate. 

Potassium  ferrocyanide  is  a  chemical  reagent  of  great  value :  when  mixed 
in  solution  with  neutral  or  slightly  acid  salts  of  the  heavy  metals,  it  gives 
rise  to  precipitates  which  very  frequently  present  highly  characteristic 
colors.  In  most  of  these  compounds  the  potassium  is  simply  displaced  by 
the  new  metal :  the  beautiful  brown  ferrocyanide  of  copper  contains,  for 
example,  Cu,FeCy„  or  2CuCy,.FeCy2,  and  that  of  lead,  Pb^eCyj. 

With  ferrous  salts,  potassium^ ferrocyanide  gives  a  precipitate  which  is 
perfectly  white,  if  the  air  be  excluded  and  the  solution  is  quite  free  from  ferric 
salt,  but  quickly  turns  blue  on  exposure  to  the  air.  It  consists  ofpotasio- 
ferrous  ferrocyanide,  K^FegCyg,  or  potassium  ferrocyanide  having 
half  the  potassium  replaced  by  iron.  The  same  salt  is  produced  in  the 
preparation  of  hydrocyanic  acid  by  distilling  potassium  ferrocyanide  with, 
dilute  sulphuric  acid  (p.  529). 

When  a  soluble  ferrocyanide  is  added  to  the  solution  of  a  ferric  sail,  a 
deep  blue  precipitate  is  formed,  consisting  of  ferric  ferrocyanide, 
Fe^Cyifc,  or  Fe'"4Fe"3Cy,g,  or  2(Fej)^»Cyj.FeCy„  which  in  combination  with 
18  molecules  of  water  constitutes  ordinary  Prussian  blue.  This  beautiful 
pigment  is  best  prepared  by  adding  potassium  ferrocyanide  to  ferric  nitrate 
or  chloride : 

SK^FeCy^  +  2(Fe,)''Cl«  =  12KC1  +  Fe,Cy„. 

It  is  also  formed  by  precipitating  a  mixture  of  ferrous  and  ferric  salts  with 
potassium  cyanide : 

18KCy  +  SFeCla  +  2(Fe,)^»Clg  =  ISKCl  +  Fe^Cy,,. 

This  reaction  explains  Scheele's  test  for  prussic  acid  (p.  530).  Prussian 
blue  is  also  formed  by  the  action  of  air,  chlorine-water,  and  other  oxidizing 
agents,  on  potassio-ferrous  ferrocyanide ;  probably  thus  : 

eKjFejCye  +  03  =  Fe^Cy,,  +  3K,FeGy,  -f  Fe^O,. 

It  IS  chiefly  by  this  last  reaction  that  Prussian  blue  is  prepared  on  the 
large  scale,  potassium  ferrocyanide  being  first  precipitated  by  ferrous  sul- 
phate, and  the  resulting  white  or  light  blue  precipitate  either  left  to  oxidize 
by  contAct  with  the  air,  or  subjected  to  the  action  of  nitric  acid,  chlorine, 
hypochlorites,  chromic  acid,  etc.  The  product,  however,  is  not  pure  ferric 
ferrocyanide :  for  it  is  certain  that  another  and  simpler  reaction  takes  place 
at  the  same  time,  by  which  the  potassio-ferrous  ferrocyanide  (K,Fe")Fe"Cyg, 
is  converted,  by  abstraction  of  an  atom  of  potassium,  into  potassio-fer- 
rous ferricyanide  (KFe")Fe'"Cy„  which  also  possesses  a  fine  deep- 
blue  color.  Commercial  Prussian  blue  is,  therefore,  generally  a  mixture 
of  this  compound  with  ferric  ferrocyanide,  Fe^'^Fe^jCyig,  the  one  or  the 
other  predominating  according  to  the  manner  in  which  the  process  is  con- 
ducted. 

Prussian  blue  in  the  moist  state  forms  a  bulky  precipitate,  which  shrinks 
to  a  comparatively  small  compass  when  well  washed  and  dried  by  a  gentle 
heat.  In  the  dry  state  it  is  hard  and  brittle,  much  resembling  in  appear- 
ance the  best  indigo  :  the  freshly  fractured  surfaces  have  a  beautiful  copper- 
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red  lustre,  similar  to  that  produced  by  rubbing  indigo  with  a  hard  body. 
Prussian  blue  is  quite  insoluble  in  water  and  dilute  acids,  with  the  excep- 
tion of  oxalic  acid,  in  a  solution  of  which  it  dissolves,  forming  a  deep-blue 
liquid,  whicli  is  sometimes  used  as  ink  :  concentrated  oil  of  vitriol  converts 
it  into  a  white,  pasty  mass,  which  again  becomes  blue  on  addition  of  water. 
Alkalies  destroy  the  color  instantly  :  they  dissolve  out  a  ferrocyanide,  and 
leave  ferric  oxide.  Boiled  with  water  and  mercuric  oxide,  it  yields  mer- 
curic cyanide  and  ferric  oxide.  Heated  in  the  air,  Prussian  blue  burns 
like  tinder,  leaving  a  residue  of  ferric  oxide.  Exposed  to  a  high  tempera- 
ture in  a  close  vessel,  it  gives  off  water,  ammonium  cyanide,  and  ammonium 
carbonate,  and  leaves  carbide  of  iron.  It  forms  a  very  beautiful  pigment, 
both  as  oil  and  water  color,  but  has  little  permanency. 

Common  or  basic  Prussian  blue  is  an  inferior  article,  prepared  by  pre- 
cipitating a  mixture  of  ferrous  sulphate  and  alum  with  potassium  ferro- 
cyanide, and  exposing  the  precipitate  to  the  air.  It  contains  alumina, 
which  impairs  the  color,  but  adds  to  the  weight. 

Soluble  Prussian  blue  is  obtained  by  adding  ferric  chloride  to  an  excess 
of  potassium  ferrocyanide ;  it  is  insoluble  in  the  saline  liquor,  but  soluble 
in  pure  water.  It  has  a  deep-blue  color,  and  probably  consists  of  potassio- 
ferrous  ferricyanide. 

Hydrogen  Ferrooyanide,  Hydrofervocyanic  Add,  H^FeCy,,  is  prepared 
by  decomposing  ferrocyanide  of  lead  or  copper  suspended  in  water  by  a 
stream  of  sulphuretted  hydrogen  gas,  and  separates  on  evaporating  the 
filtered  solution  in  a  vacuum  over  oil  of  vitriol.  Its  solution  in  water  has 
a  powerfully  acid  taste  and  reaction,  and  decomposes  alkaline  carbonates 
with  effervescence:  it  does  not  dissolve  mercuric  oxide  in  the  cold,  but 
when  heat  is  applied,  undergoes  decomposition,  forming  mercuric  cyanide 
and  ferrous  cyanide:  H4FeCye+2HgO=2UgCyj,+FeCy,+2H20;  but  the 
ferrous  cyanide  is  immediately  oxidized  by  the  excess  of  mercuric  oxide, 
with  separation  of  metallic  mercury.  In  the  dry  state  the  acid  is  very 
permanent,  but  when  long  exposed  to  the  air  in  contact  with  water,  it  is 
entirely  converted  into  Prussian  blue. 

Sodium  Ferrocyanide^  Na4FeCy8.12Aq.,  crystallizes  in  yellow  four -sided 
prisma,  which  are  efflorescent  in  the  air,  and  very  soluble. 

Amnumium  Ferrocyanide,  (NH4)^PeCyj.3Aq.,  is  isomorphous  with  potassium 
ferrocyanide :  it  is  easily  soluble,  and  is  deoomjKisc^d  by  ebullition.  Barium 
Ferrocyanide,  Ba^FeCy^,  prepared  by  boiling  potassium  ferrooyanide  with  a 
large  excess  of  barium  chloride,  or  Prussian  blue  with  baryta-water,  forms 
minnte  yellow,  anhydrous  crystals,  which  have  but  a  small  degree  of  solu- 
bility even  in  boiling  water.  The  corresponding  compounds  of  strontium, 
catdum,  and  magnesium  are  more  freely  soluble.  The  ferrocyanides  of  silver, 
lead,  zinc,  manganese,  and  bismuth  are  white  and  insoluble ;  those  of  ni'dl'e/ 
and  cobalt  are  pale-green  and  insoluble ;  and  lastly,  that  of  copper  has  a 
beautiful  reddish-brown  tint. 

There  are  also  several  double  ferrocyanides.  When,  for  example,  concen- 
trated solutions  of  calcium  chloride  and  potassium  ferrocyanide  are  mixed, 
a  sparingly  soluble  crystalline  precipiUte  falls,  containing  KjCaFeCyj. 


Ferricyanides. 

These  salts  are  formed,  as  already  observed,  by  abstraction  of  metal 
from  the  ferrocyanides  ;  in  other  words,  by  the  action  of  oxidizing  agents. 

Potassium  Ferricyanide,  K,Fe'"Cy„  or  K,(Fe,)'*Cy,j,  often  called 
redprussiate  of  potash,  is  prepared  by  slowly  passing  chlorine,  with  agita- 
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tion,  into  a  somewhat  dilute  and  oold  solution  of  potassium  ferrocjanide, 
until  the  liquid  acquires  a  deep  reddish-green  color,  and  ceases  to  precipi- 
tate a  ferric  salt.  The  solution  is  evaporated  until  a  skin  begins  to  form 
upon  the  surface,  then  filtered  and  left  to  cool ;  and  the  salt  is  purified  by 
re-crystallization.  It  forms  prismatic,  or  sometimes  tabular  crystals, 
belonging  to  the  monoclinic  system,  of  a  beautiful  ruby-red  tint,  perma- 
nent in  the  air,  and  soluble  in  4  parts  of  cold  water  :  the  solution  has  a 
dark-greenish  color.  The  crystals  burn  and  emit  sparks  when  introduced 
into  the  flame  of  a  candle.  The  salt  is  decomposed  by  excess  of  chlorine, 
and  by  deoxidizing  agents,  as  sulphuretted  hydrogen. 

Hydrogen  ferricyanide  is  obtained  in  the  form  of  a  reddish-brown  acid 
liquid,  by  decomposing  lead  ferricyanide  with  sulphuric  acid  :  it  is  very 
unstable,  and  is  resolved  by  boiling  into  hydrated  ferric  cyanide,  an  in- 
soluble dark-green  powder  containing  FejCyj.SAq.,  and  hydrocyanic  acid. 
The  ferricyanides  of  sodiumj  ammonium^  and  of  the  alkaline  earth-metals ^  are 
soluble  ;  those  of  most  of  the  other  metals  are  insoluble.  Potassium  ferri- 
cyanide added  to  a  ferric  salt  occasions  no  precipitate,  but  merely  a  dark- 
ening of  the  reddish- brown  color  of  the  solution  ;  with  ferrous  saltSy  on  the 
other  hand,  it  gives  a  deep-blue  precipitate,  consisting  of  ferrous  ferri- 
cyanide,  FojCyij-l-zAq.,  or  Fe",(Fe2)*'Cyi2-|-:cAq.,  which,  when  dry, 
has  a  brighter  tint  than  Prussian  blue  :  it  is  known  under  the  name  of 
TumbxUVs  blue.  Hence,  potassium  ferricyanide  is  as  delicate  a  test  for 
ferrous  salts  as  the  yellow  ferrooyanide  is  for  ferric  salts. 

CoBALTiGTANiDES. — ^Tliis  name  is  applied  to  a  series  of  compounds  analo- 
gous to  the  preceding,  containing  cobalt  in  place  of  iron  ;  a  hydrogen-acid 
has  been  obtained,  and  a  number  of  salts,  which  much  resemble  the  ferri- 
cyanides. Several  other  metals  of  the  same  isomorphous  family  are  found 
capable  of  replacing  iron  in  these  compounds. 

NiTROPRnssiDES. — Thcse  are  salts  produced  by  the  action  of  nitric  acid 
upon  ferrocyanides  and  ferricyanides.  The  general  formula  of  these  salts 
appears  to  be  M2(NO)Fe"Cy5,  which  exhibits  a  close  relation  to  those  of 
the  ferro-  and  ferricyanides. 

The  formation  of  the  nitroprussidos  appears  to  consist  in  the  reduction 
of  the  nitric  acid  to  the  state  of  nitrogen  dioxide  or  nitrosyl,  NO,  which 
replaces  1  molecule  of  metallic  cyanide,  MCy,  in  a  molecule  of  ferricyanide 
MsF'^Cyj.  The  formation  of  these  salts  is  attended  with  the  production  of 
a  variety  of  secondary  products,  such  as  cyanogen,  oxamide,  hydrocyanic 
acid,  nitrogen,  carbonic  acid,  etc.  One  of  the  finest  compounds  of  this 
series  is  the  nitroprusside  of  sodium,  Na5(NO)Fe"Cy5-|-2Aq.,  which  is 
readily  obtained  by  treating  2  parts  of  powdered  potassium  ferrocyanido 
with  5  parts  of  common  nitric  acid  previously  diluted  with  its  own  volume 
of  water.  The  solution,  after  the  evolution  of  gas  has  ceased,  is  digested 
on  the  water-bath,  until  ferrous  salts  no  longer  yield  a  blue,  but  a  slate- 
colored  precipitate.  The  liquid  is  now  allowed  to  cool,  when  much  potas- 
sium nitrate,  and  occasionally  oxamide,  is  deposited :  it  is  filtered  and 
neutralized  with  sodium  carbonate,  which  yields  a  green  or  brown  precipi- 
tate, and  a  ruby-colored  filtrate.  This,  on  evaporation,  gives  a  crystalli- 
zation of  the  nitrates  of  potassium  and  sodium,  together  with  the  nitro- 
prusside. The  crystals  of  the  latter  are  selected  and  purified  by  crystal- 
lization ;  they  are  rhombic  and  of  a  splendid  ruby  color.  The  soluble 
nitroprussidos  strike  a  most  beautiful  violet  tint  with  soluble  sulphides, 
afi'ording  an  extremely  delicate  test  for  alkaline  sulphides. 
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ALCOHOLIC   CYA2riDE8   OB  HTDROCTAKIC   ETHERS. 

These  compounds  play  an  important  part  in  organic  chemistry :  for 
example,  in  the  conversion  of  alcohols  into  acids  conUining  a  greater 
number  of  carbon-atoms. 

The  cyanides  of  univalent  alcohol-radicles  may  also  be  regarded  as  com- 
pounds of  nitrogen  with  trivalent  radicles :  hence,  as  already  observed 
(p.  527),  they  are  often  called   ni trils . 

These  alcoholic  cyanides  are  produced  ; — 

1.  By  distilling  a  mixture  of  potassium  cyanide  and  the  potassium-salt 
of  ethylsulphuric  acid,^*^*  I SO^,  or  a  similar  acid  :— 

KCN  +  (C,Hj^KSO,  =  K,SO,  +  C,H,.CN . 

2.  By  the  dehydrating  action  of  phosphoric  oxide  on  the  ammonium-salts 
of  the  monobasic  acids,  C^H.^0,  and  C^Hj^^gO,,  homologous  with  acetic 
and  benzoic  acid  respectively,  thus  : — 

C2H30,.NH,        —        2H,0        =        CHjN 
Ammonium  Ethenyl 

acetate.  nitrii; 

aHjO^.NH,        —        2H,0        »        C,H.N 

Ammonium  BenzonitrlL 

benzoate. 

The  bodies  obtained  by  these  two  processes  are  oily  liquids,  exhibiting 
the  same  properties  whether  prepared  by  the  first  or  the  second  method, 
excepting  that  those  obtained  by  the  latter  have  an  aromatic  fragrant 
odor,  whereas  those  prepared  by  the  former  have  a  pungent  and  repulsive 
odor,  due  to  the  presence  of  certain  isomeric  compounds,  to  be  noticed 
further  on.  Methyl  cyanide^  Etlienyl-nitril,  or  Acetonitril,  boils  at  77©  C. 
(170.1)0  F.);  Ethyl  cyanide,  or  Propenylnitril,  at  820  C.  (179.60F.);  Butyl 
cyanide,  or  Valeronitril,  at  125-1280  C.  (257-262.40  p.);  Isopetttyl  cyanide, 
Amyl  cyanide,  or  Capronitril,  at  14t)0  C.  (294.80  F.);  Phenyl  cyanide,  or  Ben- 
sonitril,  at  190.6*0  C.  (3750  F.). 

AH  these  cyanides,  when  heated  with  fuming  sulphuric  acid  or  sulphuric 
oxide,  are  converted  into  sulpho-acids  ;  thus  :-^ 

CH3.CN    +     HjO    +     2S0,H,    =    S04H(NHJ     +     C-H^SOj 
Methyl  Sutphacetio 

oyanlue.  acid. 

CHj.CN    +    3H,S0^    ==    SO,H(NHJ    +    CO,     +    CHAO« 
Methyl  Disulpho- 

cyanide.  metholio  acid. 

By  heating  with  caustic  potash  or  soda,  they  are  resolved  into  ammonia 
and  the  corresponding  fatty  or  aromatic  acid,  just  as  hydrocyanic  acid 
similarly  treated  is  resolved  into  ammonia  and  formic  acid ;  thus  :— 


HCN  +     2Rfi    =    NH,    +      CHjOu 
Hydrogen  Formlo 

cvdnidc.  acid. 

CJLCN  +    2H,0    »    NH,    +      C,1L0, 

£thyl  Propionio 

cyanide.  acid. 

C-HbCN  +    2H,0    =1    NH,    -f      C^HjOj 
Phenyl  Benxoio  add. 

cyanide. 
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The  alcoholic  cyanides  or  nitrils,  treated  with  nascent  hydrc^en,  are 
converted  into  the  corresponding  amine-bases,  e.  g, : — 

CNCH,    +    2H,    SB    NH,(CH,CH,)  or  C,H,N 
Methyl  Ethylamine. 

cyanide. 

Ethene  Cyanide,  (C^U^)f^(C^)^  is  obtained  hy  distilling  potassium  cyan- 
ide with  ethene  bomide  : — 

CjH^Br,    +    2KCN    =    2KBr    +    CjH^CCN),. 

It  is  a  crystalline  body,  melting  at  50O  c.  (140O  F.),  and  converted  by 
alcoholic  potash  into  ammonia  and  succinic  acid  : — 

C,H^(CN),    +    4H,0    =    2NH,    +    Cfifi^. 

Xiooyaiiides,  or  Carbamines. — On  examining  the  equations  just  given 
for  the  decomposition  of  the  alcoliolic  cyanides  under  the  influence  of  alka- 
lies, it  is  easy  to  see  that  the  reaction  might  be  supposed  to  take  place  in 
a  different  way,  each  cyanide  yielding,  not  ammonia  and  an  acid  contain- 
ing the  same  number  of  carbou-atoms  as  itself,  but  an  alcoholic  ammonia 
or  amine,  and  formic  acid  ;  thus  : — 

CJI5.CN    +    2H,0    =    NHjC-Hj    +    CH,0, 
£thyl  Ethyl-  Formic 

cyanide.  amine.  acid. 

In  the  one  case  the  alcohol-radicle  remains  united  with  the  carlx^n,  pro- 
ducing a  homologue  of  formic  acid,  together  with  ammonia ;  in  the  other 
it  remains  united  with  the  nitrogen,  producing  %  homologue  of  ammonia, 
together  with  formic  acid. 

A  class  of  cyanides  exhibiting  the  second  of  these  reactions  has  been 
discovered  by  Dr.  Hofmann.*  They  are  obtained  by  distilling  a  mixture 
of  an  alcoholic  ammonia-base  and  chloroform  with  alcoholic  potash :  for 
example : — 

CjH^N    +    CHa,    =    3HC1    +    C-H5N 
Aniline.  Oh  lore-  Phenyl- 

form.  iaocyanide. 

The  potash  serves  to  neutralize  the  hydrochloric  acid  produced,  which 
would  otherwise  quickly  decompose  the  isocyanide.  Phenyl-isocyanide,  or 
phenyl-carbamine,  when  freed  from  excess  of  aniline  by  oxalic  acid,  then 
dried  with  caustic  potash  and  rectified,  is  an  oily  liquid,  green  by  trans- 
mitted, blue  by  reflected  light,  and  having  an  intolerably  pungent  and 
suffocating  odor.  It  is  isomeric  with  bt>nzonitril,  and  is  resolved  by  boil- 
ing with  dilate  acids  into  formic  acid  and  aniline : — 

CJI5N    +    2n,0    s    CH,0,    4-    CeH,N. 

It  is  a  remarkable  fact  that,  whereas  the  normal  alcoholic  cyanides  are 
easily  decomposed  by  boiling  alkaline  solutions,  the  isocyanides  are  scarcely 
altered  by  alkalies,  but  are  easily  hydrated  under  the  influence  of  acids. 

The  isocyanides  of  ethyl  and  amyl  have  been  obtained  by  similar  pro- 
ceases  ;  namely,  by  distilling  methylamine  and  ethylamine  respectively 
with  chloroform,  also  by  the  action  of  ethylio  and  amylic  iodides  on  silver 
cyanide.  They  resemble  the  phenyl  compound  in  their  reactions,  and  are 
also  characterized  by  extremely  powerful  odors.  Tlie  repulsive  odor  pos- 
sessed by  the  normal  alcoholic  cyanides  when  prepared  by  distilling  potaa- 

•  Proceedings  of  the  Royal  Society,  xvl.  144, 148, 1M. 
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Slum  cyanide  with  the  ethyl-Bulphates  or  homologona  salts,  appears  to  be 
due  to  the  presence  of  small  quantities  of  these  isocyanides. 

The  difference  of  constitution  between  the  normal  cyanides  and  the  iso- 
cyanides may  be  represented  by  the  following  formulsB,  taking  the  methyl 
compounds  for  example  : — 

N=C— CH,  or  C«^  I  ^g'         C=^N— CH,  or  N'  |  ^^ 
Cyanide.  iBOoyanide. 

In  the  isocyanide  the  carbon  belonging  to  the  alcohol-radicle  is  united  di- 
rectly with  the  nitrogen  ;  in  the  cyanide,  only  through  the  medium  of  the 
carbon  belonging  to  the  cyanogen. 

This  difference  of  structure  may  perhaps  account  for  the  difference  in 
reactions  of  the  cyanides  and  isocyanides,  under  the  influence  of  hydrat- 
ing  agents,  thus : 

CH, 

0" 

OH 
Methyl  Water      Ammonia.  Acetio 


[ethyl  Water      Ammonia.  Ac< 

cyanide.  (2  mol.)  acid. 


OH 
Methol  Water        Methylamine.  Formic 

isocyanide.         (3  mol.)  add. 


The  isocyanides  of  methyl  and  ethyl  (methyl-  and  ethyl-carbamines) 
unite  with  acids,  forming  crystallizable  salts. 


OXYOEir-  AWD  SULPHUB-COUPOUNDS  OP  CTANOGBV. 

Cyanic  Acid,  CUNO. — Of  this  acid  there  are  two  possible  modifi- 
cations represented  by  the  formulae  : 

NZZC— OH  and  COi=N— H  . 

These  modifications  are  actually  exhibited  in  the  metallic  cyanates  and 
the  cyanic  others  ;  but  the  acid  itself  is  known  in  one  modification  only, 
the  particular  constitution  of  which  has  not  yet  been  determined.  It  is 
produced  when  cyanuric  acid,  deprived  of  its  water  of  crystallization,  is 
heated  to  dull  redness  in  a  hard  glass  retort  connected  with  a  receiver 
cooled  by  ice.  The  cyanuric  acid  is  resolved,  without  any  other  product, 
into  cyanic  acid,  which  condenses  in  the  receiver  to  a  limpid,  colorless 
liquid,  of  exceedingly  pungent  and  penetrating  odor,  like  that  of  the 
strongest  acetic  acid  :  it  even  blisters  the  skin.  When  mixed  with  water 
it  decomposes  almost  immediately,  giving  rise  to  ammonium  bicarbonate  : 

CHNO    +     Ufi    =s    CO,    +    NH,. 

In  consequence  of  this  decomposition,  cyanic  acid  cannot  be  separated 
from  a  cyan  ate  by  a  stronger  acid,  A  trace  of  it,  however,  always  escapes 
decomposition,  and  communicates  to  the  carbon  dioxide  evolved  a  pungent 
smell  similar  to  that  of  sulphurous  acid.  Tlie  cyanates  may  be  easily 
distinguished  by  this  smell,  and  by  the  simultaneous  formation  of  an  am- 
monia^salt,  which  remains  behind. 

Pure  cyanic  acid  cannot  be  preserved :  shortly  after  its  preparation  it 
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ebanges  sponUmeonslj,  with  Biidden  rise  of  temperature,  into  a  solid, 
white,  opaque,  amorphous  substance,  called  cytmeitde.  This  body  has  the 
same  composition  as  cranio  acid :  it  is  insoluble  in  water,  alcohol,  ether, 
and  dilute  acids  :  it  dissolves  in  strong  oil  of  vitriol  bj  the  aid  of  heat, 
with  evolution  of  carbon  dioxide  and  production  of  anmionia ;  boiled  with 
a  solution  of  caustic  alkali,  it  dissolves,  ammonia  being  disengaged,  and  a 
mixture  of  emanate  and  cjanurate  of  the  base  generated.  By  dry  distil- 
lation it  is  reconverted  into  cjanic  acid. 

Ihtassium  Cyatiote,  CNKO. — Of  this  salt  there  are  two  modifications,  riz., 

N^C— OK        and        CO=NK 
Normal  cyanate.  Isoeyanate. 

The  normal  cyanate,  formed  by  passing  gaseous  cyanogen  chloride  (p.  544) 
into  cold  aqueous  potash,  crystallizes  in  long  needles,  and  is  converted  by 
fusion  into  the  isocyanate. 

The  isocyanate  (ordinary  potassium  cyanate)  is  best  prepared  by  oxidiz- 
ing potassium  cyanide  with  litharge.  The  cyanide,  already  containing  a 
portion  of  cyanate,  described  at  page  531,  is  remelted  in  an  earthen  cruci- 
ble, and  finely  powdered  lead  oxide  added  by  small  portions  ;  the  oxide 
is  instantaneously  reduced,  and  the  metal,  at  first  in  a  state  of  minute 
division,  ultimately  collects  to  a  fused  globule  at  the  bottom  of  the  cruci- 
ble. The  salt  is  poured  out,  and,  when  cold,  powdered  and  boiled  with 
alcohol ;  the  hot  filtered  solution  deposits  crystals  of  potassium  isocyanate 
on  cooling.  The  great  deoxidizing  power  exerted  by  potassium  cyanide  at 
a  high  temperature  renders  it  a  valuable  agent  in  many  of  the  finer  metal- 
Inrgic  operations. 

Another  method  of  preparing  the  isocyanate  is  to  mix  dried  and  finely 
powdered  potassium  ferrocyanide  with  half  its  weight  of  equally  dry 
manganese  dioxide ;  heat  this  mixture  in  a  shallow  iron  ladle,  with  free 
exposure  to  air  and  frequent  stirring,  until  the  tinder-like  combustion  is 
at  an  end  ;  and  boil  the  residue  in  alcohol,  which  extracts  the  isocyanate. 

The  salt  crystallizes  from  alcohol  in  thin,  colorless,  transparent  plates, 
which  suffer  no  change  in  dry  air,  but  on  exposure  to  moisture  are  gradu- 
ally converted,  without  much  alteration  of  appearance,  into  potassium 
bicarbonate,  ammonia  being  at  the  same  time  given  off.  Water  dissolves 
potassium  isocyanate  in  large  quantity  ;  the  solution  is  slowly  decomposed 
in  the  cold,  and  rapidly  at  a  boiling  heat,  into  potassium  bicarbonate  and 
ammonia.  When  a  concentrated  solution  is  mixed  with  a  small  quantity 
of  dilute  mineral  acid,  a  precipitate  falls,  consisting  of  acid  potassium 
oyanurate.  Potassium  isocyanate  is  reduced  to  cyanide  by  ignition  with 
charcoal  in  a  covered  crucible.  Mixed  with  solutions  of  lead  and  silver, 
it  gives  rise  to  white  insoluble  isocyanates  of  those  metals. 

Ammonium  Cyanate  (probably  iso),  CN^H^O,  or  NH^CNO.— When  the 
vapor  of  cyanic  acid  is  mixed  with  excess  of  ammoniacal  gas,  a  white, 
crystalline,  solid  substance  is  produced,  which  has  all  the  characters  of  a 
true,  although  not  neutral  ammonium  cyanate.  It  dissolves  in  water,  and 
if  mixed  with  an  acid,  evolves  carbon  dioxide :  with  an  alkali,  it  yields 
ammonia.  But  if  the  solution  be  heated,  or  if  the  crystals  be  merely  ex- 
posed for  a  certain  time  to  the  air,  a  portion  of  ammonia  is  dissipated,  and 
the  properties  of  the  compound  are  completely  changed.  It  may  now  be 
mixed  with  acids  without  the  least  sign  of  decomposition,  and  does  not 
evolve  the  smallest  trace  of  ammonia  when  treated  with  cold  caustic  alkali. 
The  result  of  this  transformation,  as  already  observed  (p.  460),  is  urea. 

Cyannrio  Aold,  CjNjHaOj. — ^This  substance  maybe  prepared  by 
heating  dry  and  pure  urea  in  a  flask  or  retort ;  the  urea  melts,  boils,  gives 
off  ammonia  in  large  quantity,  and  at  length  becomes  converted  into  a 
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dirty-white,  solid,  amorphous  mass,  which  is  impure  cyanuric  acid.  This 
is  dissolved  by  the  aid  of  heat  in  strong  oil  of  vitriol,  and  nitric  acid  added 
by  small  portions  till  the  liquid  becomes  nearly  colorless  ;  it  is  then  mixed 
with  water,  and  left  to  cool,  whereupon  the  cyanuric  acid  separates.  The 
urea  may  likewise  be  decomposed  very  conveniently  by  gently  heating  it 
in  a  tube,  while  dry  chlorine  or  hydrochloric  acid  gas  passes  over  it.  A 
mixture  of  cyanuric  acid  and  sal-ammoniac  results,  which  is  separated  by 
dissolving  the  latter  in  water.  The  reaction  with  chlorine  is  represented 
by  the  equation : 

3C0N,H^  +  CI,  s=  CaNjHjOj  +  2NH4CI  +  HCl  +  N. 

Cyanuric  acid  forms  colorless  efflorescent  crystals,  seldom  of  large  size, 
derived  from  an  oblique  rhombic  prism.  It  is  very  little  soluble  in  cold 
welter,  and  requires  24  parts  for  solution  at  a  boiling  heat :  it  reddens  litmus 
feebly,  has  no  odor,  and  but  little  taste.  The  acid  is  tribasic :  the  crystals 
contain  CsN3H,Os.2iAq,  and  are  easily  deprived  of  their  water  of  crystal- 
lization. In  point  of  stability,  cyanuric  acid  offers  a  most  remarkable 
contrast  to  its  isomeride,  cyanic  acid  ;  it  dissolves,  as  above  indicated,  in 
hot  oil  of  vitriol,  and  even  in  strong  nitric  acid,  without  decomposition, 
and,  in  fact,  crystallizes  from  the  latter  in  the  anhydrous  state.  Long- 
continued  boiling  with  these  powerful  agents  resolves  it  into  ammonia  and 
carbonic  acid. 

The  connection  between  cyanic  acid,  urea,  and  cyanuric  acid,  may  be 
thus  recapitulated : 

Ammonium  cyanate  is  converted  by  heat  into  urea. 

Urea  is  decomposed  by  the  same  means  into  cyanuric  acid  and  ammonia. 

Cyanuric  acid  is  changed  by  a  very  high  temperature  into  cyanic  acid, 
one  molecule  of  cyanuric  acid  splitting  into  three  molecules  of  cyanic 
acid. 


Cyanic  and  Cyanuric  Ethers. 

Of  each  of  these  ethers  there  are  two  series,  analogous  to  the  alcoholic 
cyanides  and  isocyanides.  The  difference  of  their  structure  is  exhibited 
by  the  following  formulae,  taking  the  methyl-compounds  as  examples  : 

NHC— O— CH,  or  C I  ^^^      OZ:C=N— CH,  or  N  |  ^^^ 
Normal  oyanate.  Iiooyanate. 

The  corresponding  cyanuric  ethers  are  represented  by  the  formulss, 

^»{?(5cH,),-^N.{gO).^_ 

The  normal  cyanic  ethers,  discovered  by  Cloez,  and  the  normal  cyanuric 
ethers,  discovered  by  Hofmann,*  are  produced  simultaneously  by  the  action 
of  gaseous  cyanogen  chloride  on  the  sodium  alcohols :  normal  ethvl  cyanate, 
for  example,  from  cyanogen  chloride  and  sodium  ethylate;  thus : 


{ 


CT  +   NaOCjHj  =  NaCT  +  C{  ^p  ^ 


.    ,^5f  '•o^y'^nic  and  IsocyanuHc  ethers  hnvinff  been  diicovered  flrst  (by  Wuptz 
In  1848),' were  originally  called  cyanic  and  cyanuric  ethers. 
46 
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Thej  are  decomposed  by  water,  assisted  bj  acids  or  bases,  into  cjanio 
or  cjanuric  acid  aud  an  alcohol :  e.  g, : 

c{oC,H.  +   HOH  =  H0CA+C{^jj. 

The  cyanates  of  methyl,  ethyl,  and  arayl  are  colorless,  oily  liquids,  de- 
composed by  heat  into  a  volatile  portion  and  a  solid  residue.  The  corre- 
sponding cyanurates  are  crystalline  solids. 

The  isocyanic  and  isocyanuric  ethers,  or  alcoholic  carbi- 
m  i  d  e  s ,  are  produced  simultaneously  by  distilling  a  dry  mixture  of  potas- 
sium isocyauate  and  methylsulphate,  ethylsulphatei  etc.,  0.  g. : 

Ethylic  isocyanate  and  isocyanurate  thus  obtained  are  easily  separated 
by  distillation,  the  former  boiling  at  60O  C.  (140O  F.),  the  latter  at  27<P 
C.  (528. bO  F.).  The  former  is  a  mobile  liquid,  the  latter  a  crystalline  solid, 
melting  at  85^  C.  (1850  F.).  The  isocyanurate  may  likewise  be  obtained 
by  distilling  a  mixture  of  potassium  cyanurate  and  ethylsulphate. 

The  ethers  of  this  class,  when  heated  with  a  strong  solution  of  caustio 
alkali,  are  resolved  into  carbon  dioxide  and  an  alcoholic  ammonia  or  amine, 
e.  g. : 

n{Sh?   +    H.0  =   CO.   +    n{Hj,^ 

Methyl  iaocyanate.  Methylamioe. 

Fnlmlnlo  Acid,  CjNjH^O,. — ^Tliis  compound,  polymeric  with 
cyanic  and  cyanuric  acids,  is  one  of  the  products  formed  by  the  action  of 
nitrous  acid  upon  alcohol  in  presence  of  a  salt  of  silver  or  mercury.  The 
acid  itself,  or  hydrogen  fulminate,  has  not  been  obtained. 

Silver  fulminate  is  prepared  by  dissolving  40  or  50  grains  of  silver,  which 
need  not  be  pure,  in  about  J  oz.  by  measure  of  nitric  acid  of  sp.  gr.  1.37, 
with  the  aid  of  a  little  heat.  To  the  highly  acid  solution,  while  still  hot, 
2  measured  ounces  of  alcohol  are  added,  and  heat  is  applied  until  rexictiou 
commences.  The  nitric  acid  oxidizes  part  of  the  alcohol  to  aldehyde  and 
oxalic  acid,  becoming  itself  reduccnl  to  nitrous  acid,  which,  in  turn,  acts 
upon  the  alcohol  in  such  a  manner  as  to  form  nitrous  ether,  fulminic  acid, 
and  water,  1  molecule  of  nitrous  ether  and  1  molecule  of  nitrous  acid  con- 
taining the  elements  of  1  molecule  of  fulminic  acid  and  2  molecules  of 
water : 

CaH^NOj  +  HNO,  =  C,N,n,0,  +  2H,0. 

Tlio  silver  fulminate  slowly  separates  from  the  hot  liquid,  in  the  form  of 
small,  brilliant,  white,  crystalline  plates,  which  may  be  washed  with  a 
little  cold  water,  distributed  upon  separate  pieces  of  filter-paper  in  portions 
not  exceeding  a  grain  or  two  each,  and  left  to  dry  in  a  warm  place.  When 
dry,  the  papers  are  folded  up  and  preserved  in  a  box.  The  only  perfectly 
safe  method  of  keeping:  the  salt  is  by  immersing  it  in  water.  Silver  ful- 
minate is  soluble  in  36  parts  of  boiling  water,  but  the  greater  part  crystal- 
lizes out  on  cooling :  it  is  one  of  the  most  dangerous  substances  known, 
exploding  with  fearful  violence  when  strongly  heated,  or  when  rubbed  or 
struck  with  a  hard  body,  or  when  touched  with  concentrated  aulphurio 
arid  :  the  metal  is  reduced,  and  a  large  volume  of  gaseous  matter  suddenly 
lil)erated.  Nevertheless,  when  very  cautiously  mixed  with  copper  oxide, 
it  may  bo  burned  in  a  tube  with  as  much  facility  as  any  other  organio 
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snbstftTice.    Its  composition  thus  dctenxuned  is  expressed  hy  the  fonnula 

Fulminic  acid  is  bibasic :  when  silver  fulminate  is  digested  with  caustic 
potash,  one-half  of  the  silver  is  precipitated  as  oxide,  and  a  silver-potassium 
fulminate,  AgKC^NjOg,  is  produced,  which  resembles  the  neutral  silver-salt, 
and  detonates  by  a  blow.  Corresponding  compounds  containing  sodium  or 
ammonium  exist :  but  a  pure  fulminate  of  an  alkali-metal  has  never  been 
farmed.  If  silver  fulminate  be  digested  with  water  and  copper,  or  zinc, 
the  silver  is  entirely  displaced,  and  a  fulminate  of  the  other  metal  pro- 
duced. The  zinc-salt  mixed  with  baryta-water  gives  rise  to  a  precipitate 
of  zinc  oxide,  while  zinco-baric  fulminate,  ZnBa(C2N202)2,  remains  in  solu- 
tion. Mercuric  fulminate,  HgCjNjO,,  is  prepared  by  a  process  very  similar 
to  that  by  which  the  silver-salt  is  obtained.  One  part  of  mercury  is  dis 
solved  in  12  parts  of  nitric  acid ;  the  solution  is  mixed  with  an  equal 
quantity  of  alcohol ;  and  gentle  heat  is  applied,  the  reaction,  if  too  violent, 
being  moderated  by  adding  more  spirit  from  time  to  time.  Much  carbonic 
acid,  nitrogen,  and  red  vapors  are  disengaged,  together  with  a  large  quan- 
tity of  nitrous  ether  and  aldehyde ;  these  are  sometimes  condensed  and 
collected  for  sale,  but  are  said  to  contain  hydrocyanic  acid.  The  mercuric 
fulminate  separates  from  the  hot  liquid,  and  after  cooling  may  be  purified 
from  an  admixture  of  reduced  metal  by  solution  in  boiling  water  and  re- 
orystallization.  It  much  resembles  the  silver-salt  in  appearance,  proper- 
ties, and  degree  of  solubility.  It  explodes  violently  by  friction  or  percus- 
sion, but  unlike  the  silver-compound,  merely  burns  with  a  sudden  and 
almost  noiseless  flash  when  kindled  in  the  open  air.  It  is  manufactured 
on  a  large  scale  for  the  purpose  of  charging  percussion-caps ;  sulphur  and 
potassium  chlorate,  or  more  frequently  nitre,  are  added,  and  the  powder, 
pressed  into  the  cap,  is  secured  by  a  drop  of  varnish. 

The  relation  of  composition  between  the  three  isomeric  acids  is  shown 
by  comparison  of  their  silver-salts  :  the  first  acid  is  monobasic,  the  second 
bibasic,  and  the  third  tri basic  : — 

Silver  cyanate Ag  C  N  0 

Silver  fulminate AggCaN^Oj 

Silver  cyanurate  ....    AgjCaNgO,. 

Fulminic,  as  well  as  cyanic  acid,  may  be  converted  into  urea.  Dr. 
Gladstone  has  shown  that,  when  a  solution  of  copper  fulminate  is  mixed 
with  excess  of  ammonia,  filtered,  treated  with  sulphuretted  hydrogen  in 
excess,  and  again  filtered  from  the  insoluble  copper  sulphide,  the  liquid 
obtained  is  a  mixed  solution  of  urea  and  ammonium  thiocyanate. 

Another  view  regarding  the  constitution  of  fulminic  acid  was  proposed 
by  Gerhardt.  The  fulminates  may  be  considered  as  methyl  cyanide  (ace- 
tonitril),  in  which  one  atom  of  hydrogen  is  replaced  by  NO^  and  2  atoms 
of  hydrogen  by  mercury  or  silver  : — 

C    H     H  H  CN       .        .        .        .    Methyl  cyanide. 
C(NOa)AgAgCN       ....     Silver  fulminate. 
C(N02)  Hg"CN       ....     Mercuric  fuhninate. 

This  view  has  received  some  support  by  th6  interesting  observation, 
made  by  Kekul6,  that  the  action  of  chlorine  upon  mercuric  fulminate, 
gives  rise  to  the  formation  of  chloropicrin,  G(N02)Cl8  (p.  526).  The  con- 
nection of  fulminic  acid  with  the  methyl  series  is  thus  established. 

Fulmlnarlo  Acid,  C^NgH^Oj. — This  acid,  isomeric  with  cyanuric  acid, 
was  discovered  simultaneously  by  Liebig  and  by  SchischkofT.  It  is  ob- 
tained by  the  action  of  a  soluble  chloride  upon  mercuric  fulminate.    On 
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boiling  mercnric  fulminate  with  an  aqueons  solation  of  potassium  chloride, 
the  mercury  salt  gradually  dissolves,  and  the  clear  solution,  after  some 
time,  becomes  turbid,  in  consequence  of  a  separation  of  mercuric  oxide ;  it 
then  contains  potassium  fulminurate  : — 

3HgC,N,0,  +  8KC1  +  H,0  =  4KC1  +  2HgCl,  +  HgO  +  2C,N,HK,0,. 

If,  instead  of  potassium  chloride,  sodium  or  ammonium  chloride  be  em- 
ployed, the  corresponding  sodium  and  ammonium-compounds  are  obtained. 
The  fulminurates  crystallize  with  great  facility :  they  are  not  explosive. 

Fulminnric  acid  has  the  same  composition  as  cyanuric  acid,  but  it  is 
bibasic,  whereas  cyanuric  acid  is  tribasic. 

Cyanogen  Chlorides. — Chlorine  forms  with  cyanogen  ,«or  its  elements, 
two  compounds,  which  are  polymeric,  and  analogous  to  cyanic  and  cyan- 
uric acids.  Gaseous  cyanogen  chloride,  CyCl,  is  formed  by  passing  chlorine 
gas  into  anhydrous  hydrocyanic  acid,  or  by  passing  chlorine  over  moist 
mercuric  cyanide  contained  in  a  tube  sheltered  from  the  light.  It  is  a 
permanent  and  colorless  gas  at  the  temperature  of  the  air,  of  insupport- 
able pungency,  and  soluble  to  a  very  considerable  extent  in  water,  alcohol, 
and  ether.  At  — 18^  C.  (0.4O  F.)  it  congeals  to  a  mass  of  colorless  crys- 
tals, which  at  — 15^  C.  (50  F.)  melt  to  a  liquid  whose  boiling  point  is 
— 11. 6^  C.  (12.3C  F.).  At  the  temperature  of  the  air  it  is  condensed  to  the 
liquid  form  under  a  pressure  of  four  atmosi>heres,  and  when  long  pre- 
served in  this  state  in  hermetically  sealed  tubes,  gradually  passes  into  the 
solid  modification. 

On  passing  gaseous  cyanogen  chloride  into  a  solution  of  ammonia  in 
anhydrous  ether,  cyanamide,  CN^H,,  is  formed  together  with  sal- 
ammoniac. 

Solid  cyanogen  chloride,  CjNaClj,  or  CygClj,  is  generated  when  anhydrous 
hydrocyanic  acid  is  put  into  a  vessel  of  chlorine  gas,  and  the  whole  ex- 
posed to  the  sun  :  hydrochloric  acid  is  formed  at  the  same  time.  It  forms 
long  colorless  needles,  which  exhale  a  powerful  and  offensive  odor,  com- 
pared by  some  to  that  of  the  excrement  of  mice  ;  it  melts  at  140^  C.  (284^ 
F.),  and  sublimes  unchanged  at  a  higher  temperature.  When  heated  in 
contact  with  water,  it  is  decomposed  into  cyanuric  and  hydrochloric  acid. 
It  dissolves  in  alcohol  and  ether  without  decomposition. 

Cyanogen  Bromide  and  Iodide  correspond  with  the  first  of  the  preceding 
compounds,  and  are  prepared  by  distilling  bromine  or  iodine  with  mer- 
curic cyanide.  They  are  colorless,  volatile,  solid  substances,  of  powerful 
odor. 

Cyanogen  Stdphide,  C^NjS,  or  Cy^S,  recently  obtained  by  Linnemann  by 
the  action  of  cyanogen  iodide  upon  silver  thiocyanate,  crystalliaes  in  trans- 
parent, volatile,  rhombic  plates,  having  an  odor  similar  to  that  of  cyano- 
gen io«lide.  It  melts  at  (JOO  C.  (140°  p.),  but  decomposes  rapidly  at  a 
higher  temperature  ;  dissolves  in  ether,  alcohol,  and  water,  and  separates 
from  hot  concentrated  solutions,  on  cooling,  in  the  crystalline  form. 

Thiooyanio  Add,  CNHS,  also  called  Sulphocyanic  actW.— Tliis  acid  is 
the  sulphur  analogue  of  cyanic  acid,  and,  like  the  latter,  is  monobasic, 
the  thiocyanates  of  monad  metals  being  represented  by  the  formula 

Ihtassiim  Thiocyanate,  CNKS.— To  prepare  this  salt,  yellow  potassium 
ferrocyanide,  deprived  of  its  water  of  crystallization,  is  intimately  mixed 
with  half  its  weight  of  sulphur,  and  the  whole  heated  to  tranquil  fusion 
in  an  iron  pot,  and  kept  for  some  time  in  that  condition.  When  cold,  the 
melted  mass  is  boiled  with  water,  which  dissolves  out  a  mixture  of  potas- 
sium thiocyanate  and  iron  thiocyanate,  leaving  little  behind  but  the  excess 
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of  sulphur.  This  solution,  which  becomes  red  on  exposure  to  the  air, 
from  oxidation  of  the  iron,  is  mixed  with  potassium  carbonate,  by  wliich 
the  iron  is  precipitated,  and  potassium  substituted  :  an  excess  of  the  car- 
bonate must  be,  as  far  as  possible,  avoided.  The  filtered  liquid  is  concen- 
trated, by  evaporation  over  an  open  fire,  to  a  small  bulk,  and  left  to  cool 
and  crystallize.  The  crystals  are  drained,  purified  by  re-solution,  if  neces- 
sary, or  dried  by  inclosing  them,  spread  ou  filter-paper,  over  a  surface  of 
oil  of  vitriol  covered  with  a  bell-jar. 

The  reaction  between  the  sulphur  and  the  potassium  ferrocyanide  is 
represented  by  the  equation  : — 

K^FeCeN,  +  S,  =  4KCNS  +  Fe(CNS),. 

Another,  and  even  better  process,  consists  in  gradually  heating  to  low 
redness  in  a  covered  vessel  a  mixture  of  46  parts  of  dried  potassium  ferro- 
cyanide, 32  of  sulphur,  and  17  of  pure  potassium  carbonate.  The  mass 
is  exhausted  with  water,  the  aqueous  solution  is  evaporated  to  dryness, 
and  the  residue  is  exhausted  with  alcohol.  The  alcoholic  liquid  deposits 
splendid  crystals  on  cooling  or  evaporation. 

Potassium  thiocyanate  crystallizes  in  long,  slender,  colorless  prisms,  or 
plates,  which  are  anhydrous :  it  has  a  bitter  saline  taste,  and  is  destitute 
of  poisonous  properties  :  it  is  very  soluble  in  water  and  alcohol,  and  deli- 
quesces when  exposed  to  a  moist  atmosphere.  When  heated,  it  melts  to  a 
colorless  liquid,  at  a  temperature  far  below  tliat  of  ignition. 

Chlorine,  passed  into  a  strong  solution  of  potassium  thiocyanate,  throws 
down  a  large  quantity  of  a  bulky,  deep-yellow,  insoluble  substance,  for- 
merly called  sulphocyanogen,  from  its  supposed  identity  with  the 
radicle  of  the  sulphocyauates  :  it  is,  however,  invariably  found  to  contain 
hydrogen,  and  is  represented  by  the  formula  CjNjHlS,.  This  yellow  sub- 
stance, now  generally  called  persulphocyauogen,  is  quite  insoluble 
in  water,  alcoliol,  and  ether.  When  heated  in  the  dry  state,  it  evolves 
sulphur  and  carbon  bisulphide,  and  leaves  a  pale,  straw-yellow  substance 
called  hydromellone,  C^N^Hg,  the  decomposition  being  represented 
by  the  equation  : — 

3C3N3HS8  =  3CS,  H-  S3  +  C^Hj. 

Hydrogen  Thiocyanate,  or  Thiocyanic  Acid,  HCNS,  is  obtained  by  decom- 
posing lead  thiocyanate,  suspended  in  water,  with  sulphuretted  hydrogen. 
The  filtered  solution  is  colorless,  very  acid,  and  not  poisonous  :  it  is  easily 
decomposed,  in  a  very  complex  manner,  by  ebullition,  and  by  exposure  to 
the  air.  By  neutralizing  the  liquid  with  ammonia,  and  evaporating  very 
gently  to  dryness,  ammonium  thiocyanaity  NH^CNS,  is  obtained  as  a  deli- 
quescent, saline  mass.  The  salt  may  be  conveniently  prepared  by  digest- 
ine  hydrocyanic  acid  with  yellow  ammonium  sulphide  (containing  excess 
of  sulphur),  and  boiling  off  the  excess  of  the  latter  : — 

2HCN    +     (NHOjS    +     Sj    =    H,S    +    2(NH,)CNS. 

The  thiocyanates  of  sodium,  barium,  strontium,  calcium,  manganese,  and  ferrous 
Hkiocyanate,  are  colorless  and  very  soluble ;  those  of  had  and  silver  are 
white  and  insoluble.  A  soluble  thiocyanate  mixed  with  a  ferric  salt  gives 
no  precipitate,  but  causes  the  liquid  to  assume  a  blood-red  tint :  hence  the 
use  of  potassium  thiocyanate  as  a  test  for  iron  in  the  state  of  ferric  salt. 
The  red  color  produced  by  thiocyanates  in  ferric  solutions  is  exactly  like 
that  caused  under  similar  circumstances  by  meconic  acid.  The  two  sub- 
stances may,  however,  be  readily  distinguished  by  the  addition  of  a  solu- 
tion of  gold  chloride,  which  destroys  the  color  produced  by  thiocyanates. 
The  ferric  meconate  may  also  be  distinguished  from  the  thiocyanate  by  an 

46* 
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addition  of  corrosive  sublimate,  which  bleaches  the  thiooyanate,  but  has 
little  effect  upou  the  miHX)nat(^.  This  is  a  point  of  considerable  practical 
importance,  as  in  medico-legal  inquiries,  in  which  evidence  of  the  presence 
of  opium  is  sought  for  in  complex  organic  mixtures,  the  detection  of  me- 
conic  acid  is  usually  the  object  of  the  chemist ;  and  since  traces  of  alkaline 
thiocyanate  are  to  be  found  in  the  saliva,  it  becomes  very  desirable  to  re- 
move that  source  of  error  and  ambiguity. 

The  great  facility  with  which  hydrocyanic  acid  may  be  converted  into 
ammonium  thiocyanate  enables  us  to  ascertain  its  presence  by  the  iron 
test  just  described.  The  cyanide  to  be  examined  is  mixed  in  a  watch-glass 
with  some  hydrochloric  acid  and  covered  with  another  watch-glass,  to  which 
a  few  drops  of  yellow  ammonium  sulphide  adhere.  On  heating  the  mixture, 
hydrocyauic  acid  is  disengaged,  which  combines  with  the  ammonium  sul- 
phide, and  produces  ammonium  thiocyanate :  this,  after  expulsion  of  the 
excess  of  sulphide,  yields  the  red  color  with  solution  of  ferric  chloride. 

Thiooyanlo  EtherB. — ^These  ethers  exhibit  isomeric  modifications 
analogous  to  those  of  the  alcoholic  cyanates  and  isocyanates  (p.  542).  The 
normal  thiocyanates  of  methyl  and  its  homologues  were  discovered  by 
Cahours ;  and  Uofmann  has  obtained  the  corresponding  isothiocyanates. 
The  same  chemist  some  years  ago  obtained  phenyl  isothiocyanate.  AUyl 
thiocyanate  has  long  been  known  as  a  natural  product. 

{N 
S  CH  *^  obtained  by  saturating  a  con- 
centrated solution  of  potassium  thiocyanate  with  ethyl  chloride  : 

c{sK    +    C.H.C1    =    m    +    C{lc^j^; 

also  by  distilling  a  mixture  of  calcium  ethylsulphate  and  potassium  thio- 
cyanate. It  is  a  mobile,  colorless,  strongly  refracting  liquid,  having  a 
somewhat  pungent  odor  like  that  of  mercaptan.  It  boils  at  1460  C. 
(294. 80  F.).  With  ammonia  it  does  not  combine  directly,  but  yields  pro- 
ducts of  decomposition. 

The  methyl  and  amyl  thiocyanic  ethers  resemble  the  ethyl  comjwund, 
and  are  obtained  by  similar  processes.  The  methyl  ether  boils  at  about 
1320  C.  (269.60  F.)  ;  the  amyl  ether  at  1U70  C.  (386.60  V.), 

Ethyl  Isothiocyanate,  or  Ethylic  Thiocarhimide,  ^\q^     >  w  produced  by 

distilling  diethyl-thiocarbamide  with  phosphoric  oxide,  which  abstracts 
ethylamine: 

-.{p:;.  -  -{sf-  -  -IS" 

Diethyl-thfocarba-       Ethylamine.        Etliyl-isothlo- 
mide.  cyanatc. 

This  ether  differs  essentially  in  all  its  properties  from  ethyl  thiocyanate. 
It  Iwils  at  1340  C.  (273.20  P.),  and  has  a  powerfully  irritating  odor,  like 
that  of  mustard-oil,  and  quite  different  from  that  of  normal  ethyl  sulpho- 
cyanate.  It  unites  directlv  with  ammonia  in  alcoholic  solution,  forming 
ethylthiocarbamide,  N2(CS)"(C,n5)Hs,  and  forms  similar  compounds  with 
methylamine  and  ethylamine.  The  pungent  odor,  and  the  direct  combi- 
nation with  ammonia  and  amines,  are  characteristic  of  all  the  ethers  of 

this  group. 

Phenyl  Isothiocyanate,  N(CS)"(CeH5),  Is  obtained  by  distilling  phenysul- 
phocarbamide,  N,(CS)"(CeH,)H„  with  phosphoric  oxide  ;  naj^Uhyl  xaothto- 
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cyanaie,  N(CS)''(C,oH7),  in  like  manner  from  dinaphthjlsolphocarbamide. 
Tiie  former  boils  at  220©  C.  (4280  F.). 

AUyl  Isotkiocifanate,  or  Allylic  Thiocarbimide,  ^  \n  v  • — ^This  is  the  in- 
tensely pungent  volatile  oil  obtained  by  distilling  the  seeds  of  black 
mustard  with  water.  It  does  not  exist  ready-formed  in  the  seeds,  but  is 
produced  by  the  decomposition  of  myronic  acid  under  the  influence  of 
myrosin,  an  albuminous  substance  analogous  to  the  synaptase  of  bitter 
almonds.  The  same  compound,  or  perhaps  its  isomeride,  normal  ally  1 
thiocyanate,  is  produced  by  the  action  of  potassium  thiocyanate  or  silver 
tbiocyanate  on  allyl  iodide  or  allyl  oxide. 

Oil  of  mustard  is  a  transparent,  colorless,  strongly  refracting  oil,  pos- 
sessing in  the  highest  degree  the  sharp  penetrating  odor  of  black  mustard. 
The  smallest  quantity  of  the  vapor  excites  tears,  and  is  apt  to  produce 
inflammation  of  the  eyes.  It  has  a  burning  taste,  and  rapidly  blisters  the 
skin.  Its  specific  gravity  is  1.009  at  150  C.  (59©  F.).  It  boils  at  148^  C. 
(298.40  F.).  It  is  sparingly  soluble  in  water,  easily  soluble  in  alcohol  and 
ether  ;  dissolves  sulphur  and  phosphorus  when  heated,  and  deposits  them 
in  the  crystalline  state  on  cooling.  It  is  violently  oxidized  by  nitric  and 
by  nitromuriatic  acid.  Heated  in  a  sealed  tube  with  potassium  monosul- 
phide,  it  yields  potassium  thiocyanate  and  allyl  sulphide  (volatile  oil 
of  garlic). 

2(C8H5)NCS    +     KjS    =    2KCNS    +     (C3H5)aS. 

ft  likewise  yields  garlic  oil  when  decomposed  by  potassium.  Heated  to 
120O  C.  (248^  F.)  in  a  sealed  tube  with  pulverized  soda-lime,  it  yields  scxlium 
thiocyanate  and  allyl  oxide,  the  oxidized  constituent  of  garlic  oil : 

2(CsH5)NCS  -f  Na,0  =  2NaCNS  -f  (C^l^Ofi. 

Aqueous  potash,  soda,  baryta,  and  the  oxides  of  lead,  silver,  and  mercury, 
in  presence  of  water,  convert  oil  of  mustard  into  sinapoline,  C^Hj^NjO, 
with  formation  of  metallic  sulphide  and  carbonate  ;  thus  : 

2(C,H6)NCS  +  3PbO  4-  H,0  =  2PbS  +  PbCO,  +  C^HiaN^O. 

Sinapoline  is  a  basic  substance,  which  crystallizes  in  colorless  plates, 
soluble  in  water  and  alcohol,  and  having  a  distinct  alkaline  reaction. 

Oil  of  mustard  readily  unites  with  ammonia,  forming  thiosinamine, 

( (CS)" 
C4H5NS.NH,,   or   allyl-thiooarbamlde,   N^-JCgHg,   which  is  also  a 


( (CS)" 

,  nJc,h„ 

(     H3 


basic  compound,  forming  colorless  prismatic  crystals,  having  a  bitter  taste, 
and  soluble  in  water.  The  solution  does  not  aiTect  test-paper.  Thiosina- 
mine melts  when  heated,  but  cannot  be  sublimed.  Acids  combine  with  it, 
but  do  not  form  cry  stall  izable  salts  ;  the  double  salts  of  the  hydrochloride 
with  platinio  and  mercuric  chlorides  are  the  most  definite. 

Thiosinamine  is  decomposed  by  metallic  oxides,  as  lead  oxide  or  mercuric 
oxide,  with  production  of  a  metallic  sulphide  and  sin  amine,  C4HgNj,  a 
basic  compound  which  crystallizes  very  slowly  from  a  concentrated  aqueous 
solution,  in  brilliant,  colorle3s  crystals  containing  water.  It  has  a  power- 
fully bitter  taste,  is  strongly  alkaline  to  test-paper,  and  decomposes  ammo- 
nium salts  at  the  boiling  heat.  Its  oxalate  is  crystallizable.  The  formation 
of  sinamine  from  thiosinamine  by  the  action  of  mercuric  oxide  is  represented 
by  the  equation,  C^HgNjS  4-  HgO  =  HgS  +  H,0  +  C^H^N,. 

Selenlocyanates. — A  series  of  salts  containing  selenium,  and  corre- 
sponding in  composition  and  properties  with  the  thiocyanates,  have  been 
discovered  and  examined  by  Mr.  Crookes.* 

*  Journal  of  the  Chemioal  Society,  Ir.  13, 
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AKIDO-DBRITATiyBS   OF  CYANIC  AND   CTANUBIC  ACIDS. 

Cyanamide,  CN.NH,,  is  formed  by  the  action  of  chloride  or  bromide  of 
cyanogen  on  ammonia  dissolved  in  ether  : 

CNCl  +  NH,  =  HCl  +  CN.NH,, 
also  by  the  action  of  carbon  dioxide  on  sodamide,  NU,Na : 

CO,  +  2NHjNa  =  2NaOH  +  CN.NH,, 
and  by  desulphurizing  thiocarbamide  with  oxide  of  lead  or  mercury : 

CS(NH,),  +  0  =  CN,H,  +  H,0  +  S. 

Cyanamide  forms  colorless  crystals,  easily  soluble  in  water,  alcohol,  and 
ether,  melting  at  40O  C.  (104O  F.).  The  solutions  give  with  ammoniacal 
silver  nitrate  a  yellow  precipitate  of  argentocyanamide,  CN^Ag,,  and  with 
cupric  sulphate  a  black  precipitate  of  cuprocyanamide,  CN,Cu.  By  nitric 
sulphuric,  or* phosphoric  acid  cyanamide  is  converted  into  carbamide' 
COCNH,),.     In  this  and  most  of  its  reactions  it  behaves  as  if  it  had  the 

structure  of  carbodiimide,   C^       ;    thus: 

^NH 

^<^^°  +  H_0  =  m^NH, 


%i,e  "^  ^''^ "  '^^<^h:- 


Hydrogen  sulphide  converts  it,  in  like  manner,  into  thiocarbamide. 
CS(NI^,),. 

Alcoholic  derivatives  of  cyanamide  are  formed  by  the  action  of  cyanogen 
chloride  on  primary  amines  dissolved  in  ether : 

CjHj.NH,  +  CNCl  =  HCl  +  CN.NH(C,H.)  ; 
Ethylamine.  Ethylcyanamide. 

also  by  heating  the  corresponding  thiooarbamides  with  mercuric  oxide  and 
water: 

CS<JJ^^(^«°»>  +   HgO  =  HgS  +  H,0  +  CN.NH(CHJ. 

Methyl-cyanamide  and  Ethyl-cyanamide  are  thick  nncrystallizable  symps, 
having  a  neutral  reaction,  and  easily  converted  into  polymeric  modifica- 
tions. 

Allyl-cyanamide,  CN.NHCCjHj),  prepared  from  allyl-thiocarbamide,  easily 
changes  into  the  polymeric  compound,  triallymelamine,  CjNgH^ 
(C3H5),. 

Dicyanimidej  NHCCN),,  is  formed  by  the  action  of  potadh  on  normal 
potassium  cyanate : 

3(CN.0K)  +  KOH  =  NH(CN)    +  COgKj  +  K,0. 

Dicyanodiamtde,  C^N^H^  =  CjNjCNHp),  ( Riram) ,  is  formed ,  by  poly- 
merization of  cyanamide,  when  the  aqueous  solution  of  the  latter  is  left  to 
itself,  or  evaporated ;  also  when  thiocarbamide  is  boiled  with  mercuric 
oxide  or  silver  oxide.  It  is  easily  soluble  in  water  and  in  alcohol,  and 
crystallizes  in  rhombic  plates,  m(4ting  at  205O  C.  (401O  F.).  On  adding 
silver  nitrate  to  its  aqueous  solution,  the  compound  CjN^HjAg-^-NO^H  crys- 
tallizes out  in  silky  needles. 
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Cyannramidefl.— From  cyanurio  acid,  C3N5(OH)3,  may  be  derived  three 
amides,  viz. : 

C,N.{g]j;)«  C,N.{?^H.).  C,N.(NH,), 

Ammelide.  Ammeline.  Melamioe. 

Melamine  or  Cyanuramide,  CjNjHj5=sN,<  S/^^'^,  is  formed  by  poly- 
merization of  cyanamide  when  the  latter  is  heated  to  15(P ;  it  is,  however, 
more  easily  prepared  by  heating  melam  with  potash-lye,  the  melam  then 
being  resolved  into  melamine  and  ammeline. 

Melamine  crystallizes  in  shining  rhombic  ootohedrons,  easily  soluble  in 
water,  but  insoluble  in  alcohol  and  ether.  It  forms  well-crystallized  salts 
containing  1  equivalent  of  acid,  e.g.,  CjNgH^.HCl.  When  boiled  with 
acids  or  alkalies,  it  is  converted  successively,  by  assumption  of  U^O  and 
elimination  of  NUj,  into  ammeline,  ammelide,  and  cyan  uric  acid. 

TriethyU  and  trimethyl-mdamine  are  formed  by  polymerization  of  ethyl- 
and  methyl-oyanamide,  when  the  aqueous  solutions  of  those  bodies  are 
evaporated.  They  are  crystalline,  strongly  alkaline  bodies,  which  are 
converted,  by  boiling  with  hydrochloric  acid,  into  the  corresponding  deriva- 
tives of  ammeline,  and  ultimately  into  isocyanuric  ethers. 

Ammeline^   CjNjHgO  s=  GjNj-J  ,^^  .    ,  is  a  white  i)owder  insoluble 

in  water,  alcohol,  and  ether,  but  soluble  in  acids  and  alkalies,  and  forming 
crystalline  salts,  which  are  decomposed  by  water. 

Ammelide,  CaN4H40,  aas  C^Nj-J  vjj  ,  is  a  white  powder  which  dis- 
solves in  alkalies  and  in  concentrated  acids,  but  does  not  form  definite 
salts  with  the  latter.  Its  ammoniacal  solution  gives  with  silver  nitrate  a 
white  precipitate  having  the  composition 


OH 
OAg 
H. 


Melam,  CgH,N„,  is  a  buff-colored,  insoluble,  amorphous  substance,  ob- 
tained by  the  distillation  of  ammonium  thiocyanate  at  a  high  temperature. 
It  may  be  prepared  in  large  quantity  by  intimately  mixing  1  part  of  per- 
fectly dry  potassium  thiocyanate  with  2  parts  of  powdered  sal-ammoniac, 
and  heating  the  mixture  for  some  time  in  a  retort  or  flask  :  carbon  bisul- 
phide, ammonium  sulphide,  and  sulphiirettod  hydrogen,  are  disengaged 
and  volatilized,  while  a  mixture  of  melam,  potassium  chloride,  and  sal- 
ammoniac  remains ;  the  two  latter  substances  are  removed  by  washing 
with  hot  wator.  Melam  dissolves  in  concentrated  sulphuric  acid,  and 
gives,  by  dilution  with  water  and  long  boiling,  cyanuric  acid.  The  same 
8ul)stance  is  produced,  with  disengagement  of  ammonia,  when  melam  is 
fused  with  potassium  hydrate.  When  strongly  heated,  melam  is  resolved 
into  mellone  and  ammonia  : — 

3CeN„Ha  =  2CjN,j  +  9NHj ; 

and  by  prolonged  boiling  with  moderation  strong  caustic  i>otash,  it  is  re- 
solved into  melamine  and  ammeline  : — 

CeN„H,  +  H,0  =  CjNeHe  +  C3N5H5O. 
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Mellone  and  Mellonldes.  — ^Tlie  name  mellone  was  given  by  Liebig 

to  a  yellow  insoluble  substance  obtained  as  a  residue  in  the  decomposition 
of  pertliiocyanogen,  or  of  melam,  at  a  low  red  heat.  The  composition  of 
the  product  thus  obtained  varies  with  the  duration  of  the  heating.  If  the 
decomposition  be  stopped  at  a  certain  point,  the  product  has  the  oompoei- 

(  (C,N,)"' 
tion  of  dicyanuramide,  N,-;  (C.N,)"'  ;  but  this,  vhen  further  heated 


(  (C,N,)"' 
,  nJ(C,N,)"'; 


still,  gives  off  ammonia,  and  becomes  continaally  richer  in  carbon,  ap- 
proaching, in  fact,  continually  nearer  to  the  composition  of  tricyanu- 
r  a  m  i  d  e ,  CgN,,  =  ^3((^8^s)si  which  is  probably  the  ultimate  product  of 
the  decomposition,  though  it  has  never  been  actually  attained,  the  pro- 
duct always  containing  a  small  quantity  of  hydrogen,  however  long  the 
heating  may  be  continued. 

Mellone  is  also  produced  by  ignition  of  ammonium  thiocyanate  and  mer- 
cury thiocyanate.  When  boiled  with  nitric  acid,  it  is  resolved  into  ammonia 
and  cyan  uric  acid. 

Mellonides,  CyNjgM,  (M  denoting  a  monatomio  x>ositi ve  radicle) . — 
Tripotassic  meUunidey  CjNjjKj,  is  productni  by  ignition  of  potassium  thiocy- 
anate, the  preparation  Unng  greatly  facilitated  by  the  presence  of  a  metallio 
compound,  such  as  trichloride  of  antimony  or  bismuth,  capable  of  taking 
up  a  portion  of  the  sulphur  which  is  set  free  as  carbon  sulphide.  It  may  also 
be  prepared  by  fusing  potassium  thiocyanate  with  crude  mellone,  or  the 
ferrocyanide  with  half  its  weight  of  sulphur.  The  fused  mass  obtained 
by  either  process  is  dissolved  in  boiling  water,  from  which  the  tripotassio 
mellonide  crystallizes  on  cooling  in  silky  needles,  containing  C^NjjKj-f- 
SMjO,  insoluble  in  alcohol  and  in  ether.  Acetic  acid  converts  this  salt 
into  (lipotassic  mellonide^  Cj,II„KjH,  which  is  also  soluble.  Hydrochloric 
acid  produces  the  jtionopotassic  salt,  CbNijKII,,  which  is  insoluble.  These 
three  salts  stand  to  each  other  in  the  same  relation  as  the  several  salts  of 
phosphoric  and  cyanuric  acids.  Tripotassic  mellonide  produces,  with 
soluble  silver  salts,  a  white  precipitate,  C^NijAg, ;  with  lead  salts 
and  mercury  salts,  precipitates  containing  respectively  (CgN,3)jPb3  and 
(^»^i3)-illgr  "^be  latter,  dissolved  in  hydrocyanic  .acid  and  treated  with 
sulphuretted  hydrogen,  yields  hydramellonic  acid,  CgN,,Hj,  which  is  known 
only  in  solution,  has  an  acid  taste,  and  is  decomposed  by  evaporation  into 
ammonia  and  mellone. 

Cyaxnelurlo  Add,  CgN^OjII,. — ^The  potassium  salt  of  this  acid  is 
formed  by  boiling  tripotassic  mellonide  with  strong  potaah-lye,  and  the 
acid  itself  may  be  separated  from  the  solution  of  the  salt  by  a  mineral 
acid  in  the  form  of  a  crystalline  precipitate.  It  is  a  strong  tribasic  acid, 
converted  by  heating  with  mineral  acids  into  cyanuric  acid. 
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The  term  alcohol,  originally  limited  to  one  substance,  viz.,  spirit  of  wine, 
is  now  applied  to  a  large  number  of  organic  compounds,  many  of  which, 
in  their  external  characters,  exhibit  but  little  resemblance  to  common 
alcohol.  They  are  all,  however,  analogously  constituted,  having  the  com- 
position of  hydrocarbons  in  which  one  or  more  of  the  hydrogen-atoms  are 
replaced  by  hydroxyl ;  they  may  therefore  be  regarded  as  compounds  of 
hydroxyl  with  univalent  or  multivalent  hydrocarbon-radicles,  hence  called 
alcohol-radicles.  Thus  from  propane  CjUg,  are  derived  the  three 
alcohols  :— 

GsH^COH)  CjHjCOTI),  CjHjCOH), 

Propyl  alcohol.         Propene  alcohol.       Propcuyl  alcohol. 

Alcohols  are  accordingly  classed  as  monatomic,  diatomic,  triatomic,  etc.,  or 
generally  as  monatomic  and  polyatomic,  according  to  the  number  of 
hydroxy l-groups  which  they  contain,  or  according  to  the  equivalent  values 
of  their  hydrocarbon-radicles. 

The  replacement,  partial  or  total,  of  the  hydroxyl  in  an  alcohol  by 
chlorine,  bromine,  iodine,  or  fluorine,  gives  rise  to  halo'id  ethers; 
thus : — 

From  C,H,(OH)  are  derived  C3H7CI,  aH,Br,  etc. 

CaH.COH),        **  CjUjCKOH),  CyieCl.,,  etc. 

C,H,(0U)5        "  C,H,C1(01I)„  CaHgCl/OH),  C.IIgCl,,  etc. 


n 


These  substitutions  are  effected  by  treating  the  alcohols  with  the  chlo- 
rides, bromides,  and  iodides  of  hydrogen  or  phosphorus,  as  in  the  follow- 
ing equations,  which  represent  the  formation  of  ethyl  chloride  from  com- 
mon alcohol :— 


C,H5(0H) 

+ 

HCl 

=    H(OH) 

+ 

C^H^Cl 

SC^HsCOH) 

+ 

PCI, 

=    P(OH), 

4- 

SCjUjCl 

aCjHjCOH) 

+ 

POCl, 

=     PO(OH), 

+ 

3C2115C1 

Instead  of  the  bromides  and  iodides  of  phosphorus,  the  elements  phos- 
phorus and  bromine  or  iodine,  in  the  proportions  required  to  form  them, 
are  often  used  in  these  proc4>sse8. 

These  haloid  ethers  are  also  formed  in  many  instances  by  direct  substi- 
tution of  chlorine,  bromine,  etc.,  for  hydrogen  in  saturated  hydrocarbons, 
as  explained  in  the  preceding  pages. 

The  treatment  of  the  haloi'd  ethers  with  caustic  aqueous  alkalies  gives 
rise  to  a  substitution  opposite  to  that  exhibited  in  the  above  equations, 
reconverting  the  ethers  into  alcohols,  e,  g. : — 

CjEjCl    +     KOH    ==    KCl    4-     C^HjCOH). 

A  considerable  portion  of  the  alcohol  thus  produced  is,  however,  con- 
verted, by  dehydration,  into  the  corresponding ole fine ;  e.g. :  CjH«0  —  11,0 
=  C,Hg.  A  better  result  is  obtained  by  heating  the  haloid  ether  with  moist 
silver  oxide,  which  acts  like  a  hydroxide,  AgOH.  A  still  better  method 
is  to  convert  the  alcoholic  chloride,  etc.,  into  an  acetate,  by  heating  it  with 
acetate  of  silver  or  potassium,  and  boil  the  resulting  acetic  ether  with 
caustic  potash  or  soda ;  thus : — 
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and 


CjO^Cl    +     KC,H,0,    =    KCl    +     CjHs.CJIjO, 
PotaBsium  Ethyl  acetAte. 

acetate. 

C-H^.C^HaO,       +       KOH      =      C^HjOH      +     K.C^HjO, 
Ethyl  acetate.  Ethyl  alcohoL  PotasBium 

acetate. 

The  replacement  of  the  hydroxyl  in  an  alcohol  bj  the  corresponding 
radicles,  potassoxyl,  OK,  methoxyl,  OCH,,  ethoxyl,  OCjHj,  etc.  (p.  238), — 
or  of  the  hydrogen  in  the  hydroxyl  by  potassium,  methyl,  ethyl,  etc., — 
gives  rise  to  oxygen-ethers;  thus  : — 

CJL(OH)    yields      C^H^COK)         C.H.COCHg)         C^gCOaHj) 

Ethyl  PotasBium  Methyl  Ethyl 

alcohol.  ethylate.  ethylate.  ethylate. 

CJI,(OU),      "     CjH,(0H)(0C,H5)  C,H.(0C„H3), 

Ethene  Monethrlic  Diethylio 

alcohol.  ethenate.  ethenate. 

These  substitutions  may  be  effected  in  various  wajs.  The  simplest  is 
to  replace  an  atom  of  hydrogen  in  the  alcohol  by  potassium  or  sodium,  and 
act  on  the  resulting  compound,  with  a  halo'id  ether ;  thus  : — 

2aH,(0H),    -f      Na,      =    2CjH,(0II)(0Na)     +    H„ 
Ethene  SSodium 

alcohol.  ethenate. 

Cj,H,(OH)(ONa)     +      CjHJ    =    Nal    +     CaH/OHXOCjHj) 
Sodium  Ethyl  Sodium.  Monethylio 

ethenate.  iodide.  iodide.  ethenate. 

In  the  polyatomic  alcohols,  two  hydroxyl  groups  may  also  be  replaced 
by  one  atom  of  oxygen,  giving  rise  to  another  class  of  oxygen  ethers  ;  thus, 
from  ethene  alcohol,  C2U4(OH)2,  is  derived  ethene  oxide,  C^H^O. 

The  replacement  of  the  hydrogen  of  tile  hydroxyl  in  an  alcohol  by  acid 
radicU^  (p.  481),  produces  ethereal  salts  or  compound  ethers: 
thus,  from  methyl  alcohol,  CHjCOH),  are  derived  : — 

H  O 


Methyl  nitrate,  CH,(ONO,),  or  H— C— O— N 

I  il 

H  O 

H  OH 

II 


Methyl  acetate,  CHjCOCjHjO),  or  H— C— O— C— C— H 

H  H 

H  0 

i  " 

Acid  methyl  sulphate,  CHjCOSOjH),  or  H— C— O— S— O— H 

H  O 


XI  V  ** 

methyl  sulphate,  CH,(OSO,CH,),  or  H— C— 0— S— 0— C— H 


I  II  I 

H  O  H 
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These  ethereal  salts  may  also  be  derived  from  the  corresponding  acids 
by  substitution  of  alcohol-radicles  for  hydrogen,  being  in  fact  related  to 
the  alcohols  in  the  same  manner  as  metallic  salts  to  metallic  hydroxides. 
When  distilled  with  alkalies,  they  are  resolved  into  an  acid  and  an  al- 
cohol ;  e,  g. : 

C^H^COC^HjO)     +     K(OH)     =    K(OC,H,0)     +     C.HsCOH) 
Ethyl  acetate.  PotABsium  Potassium  Ethyl 

hydroxide.  acetate.  alcohol. 

The  number  of  compound  ethers  that  can  be  formed  by  a  given  acid  and 
alcohol  depends  upon  the  number  of  hydroxy  1-groups  wliieli  each  of  them 
contains,  in  other  words,  on  their  atomicity  :  thus,  ethyl  alcohol,  CjHgOU, 
and  acetic  acid,  CjHjO.OH,  both  of  which  are  monatomic,  yield  but  one 
ether,  viz.,  ethyl  acetate,  CjHjO.O.CaHj ;  but  ethene  alcohol  or  glycol, 
G,H4.(0H),,  which  is  diatomic,  forms  two  ethers  with  acetic  acid,  viz. : 

Mono-Acetate.  Diacetate. 

and  glycerin,  0,115(011)3,  which  is  triatomic,  forms  three  acetic  ethers, 
viz. : 

/OH  /OH  /O.CjHjO 

CA^OH  CsH^^O.C^HjO     C3H5^0.C,H30 

Xo.CjHsO  \O.C2H3O  \O.C2H5O 

Acetin.  Diacetin.  Triacetin. 

On  the  other  hand,  nitric  acid,  NOj.OH,  which  is  monatomic,  forms  but 
one  ethylic  ether,  viz.,  ethyl  nitrate,  NOj.O.CjH^ ;  but  sulphuric  acid, 
S02(OU)2,  which  is  diatomic,  forms  two  ethylio  ethers,  viz. : 

Ethyl-sulphurio  Diethylio 

acid.  Bulphate. 

Compound  ethers  are  formed:  1.  By  the  action  of  the  acids  upon 
alcohols  ;  e.  g. : 

C2H5.OH    +    NO.OH    =    H,0    +     NO.O.CjH, 
Ethyl  alcohol.    Nitrous  acid.  Ethyl  nitrite. 

This  action  takes  place  slowly  at  ordinary,  more  quickly  at  high  tempera- 
tures ;  but  the  etherification  is  never  complete,  as  the  water  separated  in 
the  process  always  exerts  a  reverse  action  on  the  ether,  reconverting  part 
of  it  into  alcohol  and  acid. 

Polybasio  acids,  acting  upon  alcohols,  produce  for  the  most  part  acid 
ethers. 

2.  By  the  action  of  chlorides  of  acid  radicles  on  alcohols  or  their  sodium 
derivatives : 

S0„C1,    +      2(C,Hs.0H)      s    2Ha    +     SOaCO.CJTOi 
Sulphuric  Ethyl  alcohol.  Ethyl  sulphate, 

chloride. 

3.  By  the  action  of  haloid  ethers  on  the  potassium  or  silver  salts  of  the 
corresponding  acids : 

C^HjO.OAg    +     CgHJ    as    Agl    +     C2H3O.O.C2H5. 

Neutral  compound  ethers  are  mostly  volatile :  the  acid  ethers  are  non- 
volatile, and  as  they  still  contain  unreplaced  liydrogen  belonging  to  one 
47 
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or  more  HO  groups,  they  act  as  acids,  exchanging  this  hjdrogen  for  metals 
or  for  alcohol-radicles. 

All  compound  ethers,  but  especially  the  acid  ethers,  are  resolved  into 
their  components,  alcohol  and  acid,  by  heating  them  with  water,  or  more 
easily  with  potash  or  soda  in  aqueous  or  alcoholic  solution  : 

CjHjO.O.CjHg    +    KOH    =    CjHjO.O.K    +    CJH..OH 
Ethyl  acetate.  Potassium  Ethyl 

acetate.  alcohoL 

This  process  is  called  saponification,  a  term  originally  applied  to 
the  formation  of  soaps  by  boiling  neutral  fats  (glycerin-ethers)  with  caustic 
alkali,  but  now  extended  to  all  similar  decompositions. 

Isomerism  in  the  Compound  Ethers, — ^The  ethers  of  poly  basic  organic  acids 
exhibit  isomeric  modifications,  depending  on  the  structure  of  the  acid  itself. 
The  most  important  case  of  this  kind  of  isomerism  is  presented  by  the 
sulphurous  ethers. 

Sulphurous  acid  is  susceptible  of  two  modiiications,  viz. : 

O  O 

HO_S— OH  or  SO<^y  H— S— OH  or  SOa<^g 

0 

SymmetricaL  Unsymmetrical. 

Both  these  modifications  yield  neutral  alcoholic  derivatiyes  or  sulphnr- 
ons  ethers,  but  only  the  unsymmetrical  acid  appears  to  form  acid  ethers, 
and  these  acid  ethers  are  called  sulphonic  acids,  e,g.: 

Symmetrical : 

DimethyUc  sulphite,  S0<^qtt' 

Unsymmetrical : 

Methysulphonlc   acid,  ^^a^CoH* 

Methylic    methysulphonate,      S02<^q^ 

The  sulphonic  acids  are  formed  by  the  following  general  reactions  :— 

1.  By  heating  the  haloid  ethers  to  120-150O  C.  (248O-302O  F.)  with  a 
concentrated  solution  of  potassium  or  sodium  sulphite ;  thus : 

C,H,I    +    SO,<^g    =    SO.<gf  •    +    KI 

Potassium  ethyl- 
Bulphonate. 

SO  ^^ 
CjH^Br,  +    2S0j<^^   =  C^H^    +     2KBr 

Potassium  ethene- 
sulphonate. 

2.  By  oxidation  of  the  hydrosulphides  (mercaptans)  and  disulphides 
(also  of  the  thiocyanates)  of  the  alcohol  radicles  with  nitric  acid : 

S<^'^»    +    o,    =   so,<g'^» 

(CA)S.    +    0»    +    H,0    =    C,Hj-2(S0,.0H). 


1 
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This  mode  of  formation  shows  that  the  sulphur-atom  of  a  snlphonic  acid 
is  directly  united  to  the  alcohol-radicle  (and  therefore  to  an  atom  of  car- 
bon), and  hence  it  may  be  inferred,  from  the  first  reaction,  that  in  the 
metallic  sulphites  an  atom  of  metal  is  also  directly  united  to  the  sulphur. 
The  sulphonio  acids  are  very  stable  compounds,  not  decomposed  by  boil- 
ing with  caustic  alkaline  solutions.  When  fused  with  x>ota8sium  hydroxide, 
however,  they  are  resolved  into  an  alcohol  and  sulphurous  acid : 

CgHj.SOj.OK    +    KOH    =    CjHg.OH    +    K.SOj.OK. 

By  the  action  of  phosphorus  pentachlorides  they  are  converted  into  acid 
chlorides  or  chloranhydrides,  which,  by  the  action  of  nascent  hydrogen, 
may  be  converted  into  mercaptans : 

C2H5.SOj.OH    +     PCTj    =     PCljO    +     HCl    -f     CaHj.SO^.Cl 
and  CjHj.SOa.Cl      +     SH,      =    HCl       4-     2H,0  +     C2H4.SH. 

The  ethers  of  the  snlphonic  acids  are  formed  by  the  action  of  acid 
chlorides  on  the  sodium-alcohols : 

C,H5.S0,.C1    +    Na.OCjH,    =    NaCl  +    C^Hs.SOj.OCA- 

They  are  identical  with  the  neutral  ethers  of  unsymmetrical  sulphurous 
acid,  and  may  accordingly  be  also  produced  by  the  action  of  silver  sulphite 
on  alcoholic  iodides : 

Ag.SOj.OAg    4-    2CJH5I    =    2AgI    +     CjHg.SOj-O.CjH,. 
Analogous  to  the  sulphonio  acids  are  the  sulphinio  acids,  or  acid 

TT 

ethers  of  hyposulphurous  acid,  S0<^  ^„  ,  the  zinc  salts  of    which   are 

formed  by  the  action  of  sulphur  dioxide  on  the  zinc  compounds  of  the 
alcohol-radicles  ;  e.  g: 

Z"<^h:    +    2S0.    =    S0<^2n^S0. 

By  converting  the  zinc  salts  into  barium  salts,  and  decomposing  the 
latter  with  sulphuric  acid,  the  free  sulphinic  acids  are  obtained  as  strongly 
acid  liquids  which  decompose  when  heated,  e.  g : 


so<S 


OH 


The  phosphorous  ethers  likewise  exhibit  isomeric  modifications, 
derivable  from  symmetrical  and  unsymmetrical  phosphorous  acid  P(OH)j 
and  HPO(OH)j.  The  neutral  ethers  of  symmetrical  phosphorous  acid  are 
formed  by  the  action  of  phosphorous  trichloride  on  the  alcohols.  The 
ethylic  ether  PCO.CjHj),,  is  a  liquid  boiling  at  1910  C.  (275.80  F.). 

Unsymmetrical  phosphorous  acid  yields  acid  ethers  called  phosphonic 

acids,  e.g.,  (C,H5)P0<j;S  ,  which  are  formed  by  the  action  of  nitric 

acid  on  the  primary  phosphines : 

CHg.PHj,    -}-     Oj    =    CHft.P0(0H)j 
Primary  methyl  MethylphoBphonlo 

pbosphine.  aoid. 

They  are  crystalline  bodies  resembling  spermaceti,  dissolve  in  water, 
have  a  strong  aoid  reaction,  and  act  as  bibasio  acids,  forming  acid  and 
neutral  salts. 
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Hypophosphorous  add,  H,.PO.OH,  yields  analogous  acid  ethers,  called 
phosphiuio  acids,  which  are  formed  by  the  action  of  nitric  acid  on. 
the  secondary  phosphines ;  e.  y: 

(CH,)gPH    +     0,    =    (CH,)8P0.0H. 

Arsenions  acid,  AsH,0,,  forms : 

(a)  Synunetriad  ethers^  like  AsCO.CH,),,  which  are  prodnoed  by  the  action 
of  arsenious  bromide,  AsBr,,  on  the  sodium  alcohols ;  they  are  volatile 
without  decomposition,  and  are  resolved  by  water  into  arsenious  acid  and 
alcohols. 

(/9)  Unsymmetrical ethers,  csXled.  arsonio  acids,  analogous  to  thepbos- 
phonio  acids,  e,  g.,  methylarsonic  acid,  Cll,.AsO(OU), ;  and  lastly, 
there  is  a  dimethylarsinio  acid  (Cll,)2AsO.OU  (caoodylic  acid), 
analogous  to  the  phosphinio  acids  (see  Arsenic  Bases.) 

The  nitrous  ethers,  as  already  observed,  are  isomeric  with  the 
nitroparaffins  (p.  523). 

The  action  of  halo'id  ethers,  or  of  certain  ethereal  salts,  on  the  hydro- 
sulphides  and  sulphides  of  the  alkali- metals,  gives  rise  to  alcoholic 
hydrosulphides  and  sulphides,  that  is  to  say,  alcohols  and  ethers 
containing  sulphur  in  place  of  oxygen  ;  thus  : — 

CjH.Cl    +    KSH    =    KCl    +    C-HjSH 
Ethyl  Ethyl 

chloride.  hydrosuipbide. 

2CaH50SO,K     +      KSK     =      2KOSO5K     +      CjHjSaH- 
Potassium  ethyl       Potassium  Potassium  Ethyl  sulphlue. 

sulphate.  sulphide.  sulphate. 

The  alcoholic  hydrosulphides,  or  thio-aloohols,  are  also  called  mer- 
captans,  from  their  property  of  readily  combining  with  mercury  {cor- 
pora  mercurio  apta).  Their  reactions  are  closely  analogous  to  those  of  the 
oxygen-alcohols. 


MON ATOMIC  ALCOHOLS  AND  ETHERS. 
1.  Containing  the  Radicles,  CqH,^^.!,  homologons  with  Methyl. 

The  alcohols  of  this  series  are  the  best  known  and  most  important  of  all 
this  class  of  bodies.  They  may  be  formed  from  the  corresponding  haloid 
ethers  by  the  action  of  alkalies,  and  several  of  them  are  produced  by  the 
fermentation  of  sugar.  There  are  also  synthetical  processes  by  which 
these  alcohols  may  be  built  up  in  regular  order,  from  the  lowest  upwards  ; 
but  those  will  be  better  understood  further  on. 

The  names  and  formuls  of  the  known  alcohols  of  this  series  are  as 
follows  :— 

Methyl  alcohol CH^O 

Ethyl  alcohol CjHjO 

Propyl  alcohol CjHgO 

Butyl  alcohol C^H,oO 

Pentyl  or  Amyl  alcohol C,H„0 

Hexyl  alcohol C^Hj^O 

Heptyl  alcohol O^U^fi 

Octyl  alcohol CgHjgO 

Nonyl  aloohol CgH-^O 

Hexdecyl  or  Cetyl  alcohol CjeHj^O 

Ceryl  alcohol C^HjjgO 

Molissyl  alcohol CjjoH^O 
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The  formula  of  methyl  alcohol  is  that  of  methane  or  marsh-gas  having 
one  atom  of  hydrogen  replaced  by  hydroxyi ;  and  the  rest  may  be  derived 
from  it  by  replacement  of  one  or  more  of  the  other  hydrogen-atoms  by 
methyl  and  its  homologues.  If  we  replace  only  one  atom  of  hydrogen  in 
this  manner  we  obtain  the  series  : — 

Methyl  Ethyl  Propyl  Butyl  Pentyl 

alcohol.  alcohoU  alcohol.  alcohol.  aloohoL 


Now  it  is  clear  that,  so  long  as  the  tyx>e  of  an  alcohol  is  preserved—- 
that  is,  of  a  hydrocarbon  having  at  least  one  hydrogen-atom  replaced  by 
hydroxyi — the  first  two  alcohols  of  this  series  do  not  admit  of  any  other 
mode  of  formulation :  in  other  words,  they  are  not  susceptible  of  isomeric 
modifications.  But  the  higher  members  of  the  series  admit  of  isomeric 
modifications  analogous  to  those  of  the  haloYd  ethers  already  mentioned 
(p.  496),  and  distinguished  by  similar  names,  an  alcohol  being  designated 
as  primary,  secondary,  or  tertiary,  according  as  the  carbon- 
atom  which  is  in  combination  with  hydroxyi,  is  likewise  directly  united 
to  one,  two,  or  three  other  carbon-atoms.  Moreover,  the  four-carbon-alcohol 
and  all  above  it  in  the  series,  admit  of  further  modifications,  according  to 
the  structure  of  the  radicles  (normal  or  iso)  contained  in  them — all  these 
modifications,  like  those  of  the  haloid  ethers,  depending  upon  the  struc- 
ture of  the  paraffins  from  which  the  alcohols  are  derived ;  thus — 

From: 
Butane.  Normal  Primary  Butyl  AlcohoL       Secondary  Butyl  AlcohoL 

CHg  CHjOH  CHg 

CH,  CH,  (CgH^OH  CH,  JC^H, 

I       are  derived  I  or  HjC  l  and   I  or  HO.HC  < 

GEL  CH,  (CHj  CHOH  ICBL 

J  I  I 

CHj  CH3  CHy 

and  rom 

Isobutane.  Isoprimary  Butyl  AlcohoL       Tertiary  Butyl  Alcohol. 

H.C    CH,  HjC    CH,  ^CH,  H3C    CH,  fCR. 

V  V  I  V  J 

CH  are  derived       CH    or  HC  <  CH,   and       COH  or  HO.C  <  CH, 
CH,  CH,OH  V  CHjOH  CH,  '  CH, 

The  primary  alcohols  are  formed  by  substitution  of  OH  for  H  in  a 
methyl-group  CH, ;  the  secondary  and  tertiary  alcohols  by  similar  substi- 
tution in  a  methane  group  CH„  and  a  methenyl-group  respectively. 

A  very  convenient  nomenclature  for  these  isomeric  alcohols  has  been 
proposed  by  Kolbe.  Methyl  alcohol,  CH^COH),  is  called  carbinol ;  and 
the  alcohols  formed  from  it  by  successive  substitution  of  methyl,  ethyl, 
etc.,  for  an  atom  of  hydrogen,  are  named  according  to  the  radicles  which 
they  contain  ;♦  thus — 

♦  Odilnpc  modifies  this  nomenclRture  by  restricting  the  term  carbinol  to  the 
tertiary  alcohols,  desiprnatinR  the  Becontlnry  alcohols  as  pseudo-alcohols 
orpseudols,  and  employing  the  term  alcohol  especially  to  designate  the 

47* 
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Carbinol,  or  Methyl  alcohol C(0H)H4 

Methyl  carbinol,  op  Ethyl  alcohol  ....  C(OH)HjCH, 

Kthyl  carbinol,  or  Propyl  alcohol   ....  C(0H)HgC,H5 

Dimethyl  carbinol,  or  Pseadopropyl  alcohol   .        .  C(OH)H(CU^, 

Propyl  carbinol,  or  Butyl  alcohol   ....  C(OH)H,(CgH,) 

Isopropyl  carbinol,  or  Isobutyl  alcohol  .        .        .  C(OIl)H,CH(CHs), 

Methyl-ethyl  carbinol,  or  Secondary  Butyl  alcohol  C(0H)HCH8G,Hj 

Trimethyl  carbinol,  or  Tertiary  Butyl  alcohol         .  C(OH)(CHs),. 

Primary,  secondary,  and  tertiary  alcohols  are  distinguished  from  ono 
another  by  the  products  which  they  yield  by  oxidation.  Primary  alcohols 
of  the  series  C^Hj^^^O,  containing  the  group  CH,OH,  are  converted  by 
oxidation  with  chromic  acid,  first  into  the  corresponding  aldehydes 
C„H^O  by  removal  of  H,,  or  conversion  of  the  group  CIljOH  into  COH,  and 
then  by  further  oxidation  into  the  corresponding  acids  C„H,„0,  (fatty 
acids)  ;  thus : — 

CH,^— CH,— CHjOH    +    O    a=    H,0    +     CH,--CH^— COH 
Normal  propyl  alcohol.  '  Propyl  aldehyde. 

CH^— CH^HjOH    +    O,   =    2H,0  +    CH,— CH^— COOH 
Normal  propyl  alcohoL  Proprionio  acid. 

A  secondary  alcohol,  on  the  other  hand,  which  contains  two  alcohol- 
radicles  united  by  the  group  CHOH,  is  converted,  by  removal  of  H,  from 
this  group,  into  a  k  e  t  o  n  e ,  which  is  a  compound  consisting  of  two  alcohol- 
radicles  joined  by  the  group  CO ;  thus : — 

CHw— CHOH— CH.    +    O    r=    H,0    +     CHs-— CO— CH, 
Secondary  propyl  alcohol.  Dimethyl  ketone. 

Conversely,  the  aldehydes  treated  with  nascent  hydrogen  (action  of  so- 
dium amalgam)  are  converted  into  primary  alcohols,  and  the  ketones  by 
similar  treatment  into  secondary  alcohols. 

Tertiary  alcohols  do  not  yield  by  oxidation  either  aldehydes,  ketones,  or 
acids  containing  the  same  number  of  carbon-atoms  as  the  alcohols  them- 
selves, but  are  split  up  into  compounds  containing  a  smaller  number  of 
carbon-atoms ;  tertiary  butyl  alcohol,  for  example,  into  formic  and  pro- 
prionio acid : — 

(CHj),.COH    -1-    O4    ==    CHjO,    +     CgH.O,    +     H,0. 


XETHTL  ALCOHOL  AKD   BTHEBfl. 


Methyl  Alcohol,  Hydroaeymethane,  Carbinol,  Me- 
thol,  CH4O  or  CH,(OH). — ^Thia  is  the  simplest  member  of  the  series.  It 
is  produced  :— 

alooholB,  proi>er  or  primary  alcohols,  which  may   alio  be  called  methols} 

thua— 

Propyl  Alcohol  Isobutyl  Alcohol 

or  Ethyl-Methol.  or  Isopropyt-Methol. 


Primary        .       ;      .       .       .       H,o4  HoJcH, 

Ethyl-Methyl 
Dimethyl  Pseudol.  Paeudol. 

Secondary HO.CH  \  ggj  HO.HO  J  g^ 

Ethyl-Dimethyl 
Trimethyl  0«irbino1.  Carbinol. 

Tertiary HO.cJcH,  HO.C^CH. 

(  OHt  i  ^"« 
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1.  From  marsh-gas,  by  subjecting  that  compoiind  to  the  action  of  chlo- 
rine in  sanshine,  whereby  chloromethane,  or  methyl  chloride,  CH^Cl,  is 
produced,  and  distilling  with  potash. 

2.  From  wintergreen  oil,  which  consist  chiefly  of  acid  methyl  salicylate, 
CyII^Oj.H.CH,,  by  distillation  with  potash,  whereby  potassium  salicylate  is 
formed,  and  methyl  alcohol  distils  over : — 

CjH^Oj.H.CH,    4-    KOH    =    C,H^O,.HK    +     CH,(OH). 

This  reaction,  which  consists  in  the  Interchange  of  methyl  and  potassium, 
yields  very  pure  methyl  alcohol. 

3.  From  crude  wood-vinegar,  the  watery  liquid  obtained  by  the  destruc- 
tive distillation  of  wood :  it  was  in  this  liquid  that  methyl  alcohol  was 
first  discovered  by  P.  Taylor,  in  1812:  hence  it  is  often  called  wood-spirit. 
Crude  wood-vinegar  probably  contains  about  j^  part  of  methyl  alcohol, 
which  is  separated  from  the  great  bulk  of  the  liquid  by  distilling  it,  and 
collecting  apart  the  first  portions  which  pass  over.  The  acid  solution  thus 
obtained  is  neutralized  with  slaked  lime,  and  the  clear  liquid,  separated 
from  the  oil  which  floats  on  the  surface,  and  from  the  sediment  at  the  bot- 
tom is  again  distilled.  A  volatile  liquid  is  thus  obtained,  which  burns 
like  weak  spirit ;  this  may  be  strengthened  by  rectification,  and  ultimately 
rendered  pure  and  anhydrous  by  careful  distillation  from  quicklime  at  the 
heat  of  a  water-bath. 

Pure  methyl  alcohol  is  a  thin,  colorless  liquid,  very  similar  in  smell  and 
taste  to  ethyl  alcohol :  crude  wood-spirit,  on  the  other  hand,  which  con- 
tains many  impurities,  has  an  offensive  odor  and  a  nauseous,  burning  taste. 
Methyl  alcohol  boils  at  Gti.GO  C.  (151.90  F.),  and  has  a  density  of  0.7U8  at 
20O  C.  (680  F.).  Vapor-density  (referred  to  hydrogen)  =  16.  Methyl 
alcohol  when  pure  mixes  in  all  proportions  with  water :  it  dissolves  resins 
and  volatile  oils  as  freely  as  ethyl  alcohol,  and  is  often  substituted  for  ethyl 
alcohol  in  various  processes  in  the  arts.  It  may  be  burnt  instead  of  ordi- 
nary spirit  in  lamps  :  the  flame  is  pale-colored,  like  that  of  ethyl  alcohol, 
and  deposits  no  soot.  Methyl  alcohol  dissolves  caustic  baryta :  the  solu- 
tion deposits,  by  evaporation  in  a  vacuum,  acicular  crystals,  containing 
Ba0.2CH^0.  It  dissolves  calcium  chloride  in  large  quantity,  and  gives  rise 
to  a  crystalline  compound  containing  CaCl,.2CH40. 

Ihtoisium  and  sodium  dissolve  in  it,  with  evolution  of  hydrogen  yielding 
potassium  and  sodium  methylates,  CH,0£,  and  CU^ONa. 

By  oxidation^  as  by  exposure  to  the  air  in  contact  with  platinum  black, 
it  is  converted  into  formic  acid,  ClI^O,,  which  is  derived  from  it  by  substi- 
tution of  1  atom  of  oxygen  for  2  atoms  of  hydrogen : 

CH4O    +    0,    =    H,0    -f     CH,0,. 

Methyl  Chloride,  or  Chloromethane,  CHsCl,  is  formed  when  s 
mixture  of  equal  volumes  of  methane  (marsh-gas)  and  chlorine  is  exposed 
to  reflected  sunlight.  It  is  more  easily  prepared,  however,  by  heating  a 
mixture  of  2  parts  of  common  salt,  1  part  of  wood-spirit,  and  3  parts  of 
concentrated  sulphuric  acid.  It  is  a  gaseous  body,  which  may  be  conve- 
niently collected  over  water,  as  it  is  but  slightly  soluble  in  that  liquid.  It 
is  colorless ;  has  a  peculiar  odor  and  sweetish  taste,  and  burns,  when 
kindled,  with  a  pale  flame,  greenish  towards  the  edges,  like  most  combus- 
tible chlorine- sompounds.  Its  density,  referred  to  hydrogen  as  unity,  ia 
25.25  ;  it  is  not  liquefied  at  —ISO  c.  (0.4^  p.).  The  gas  is  decomposed 
by  transmission  through  a  red-hot  tube,  with  slight  deposition  of  carbon, 
into  hydrochloric  aoid  gas  and  a  hydrocarbon  which  has  been  but  little 
examined.  By  the  action  of  chlorine  in  sunshine  it  is  successively  con- 
Terted  into  methene  chloride^  or  dichlorometkane^  CH^Cl,,  a  liquid  boiling  at 
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30.50  C.  (86.90  F.)  ;  methenyl  chloride,  trichloromeUuine,  or  chloroform,  CIICl,  ;* 
and  carbon  tetrcuMoridCf  CCI4. 

Methyl  Iodide,  or  lodomethane,  CH,I,  is  a  colorless  and  feeblj  com- 
bustible liquid,  obtained  by  distilling  together  1  part  of  phosphorus,  8  of 
iodine,  and  12  or  15  of  methyl-alcohol.  It  is  insoluble  in  water,  has  a 
density  of  2.237,  and  boils  at  440  C.  (111.2^  F.).  The  density  of  its 
vapor,  referred  to  hydrogen  as  unity,  is  71.  When  digested  in  sealed  tubes 
with  zinc,  it  yields  a  colorless  gaseous  mixture  containing  ethane,  or  dime- 
thyl, CjHf ,  and  the  residue  contains  zinc  iodide,  together  with  zinc  methide, 
Zn(CH^,: 

SCHjI*  +    Zn    =s    Znl,     +    C^H. 
2CH,I    +    Zn,    =    Znl,    +    Zn(CH,),. 

Methyl  Bther,  Methyl  Ozlde,  or  Methozyl-methane,  C^O^ 

Q^g  . — ^This  compound,  which  bears  the  same  relation  to 

methyl  alcohol  that  anhydrous  potassium  oxide  bears  to  potassium  hy- 
droxide, is  produced  by  abstraction  of  the  elements  of  water  from  methyl 
alcohol :  TC^fi  _  HjO  =  C,H,0. 

It  may  be  prepared  by  neating  1  part  of  methyl-alcohol  and  4  parts  of 
concentrated  sulphuric  acid,  and  passes  over  as  a  colorless  gas,  which  may 
be  collected  over  mercury.  It  does  not  liquefy  at  ^160  C.  (3.20  F.).  It 
has  an  ethereal  odour,  and  burns  with  a  pale  and  feebly-luminous  flame. 
Its  specific  gravity  is  1.617  referred  to  air,  or  23  referred  to  hydrogen  as 
unity.  Cold  water  dissolves  about  33  times  its  volume  of  tliis  gas,  acquir- 
ing thereby  its  characteristic  taste  and  odor :  on  boiling  the  solution,  the 
gas  is  again  liberated.  Alcohol,  wood-spirit,  and  concentrated  sulphuric 
acid  dissolve  it  in  still  larger  quantity. 

Methyl  Nitrate,  CH,.NO„  or  CH,.O.NO,.  This  ether  is  obtained  by 
distilling  50  grams  of  pounded  nitre  with  50  grams  of  methyl  alcohol  and 
100  grams  of  sulphuric  acid,  in  a  retort  without  external  heating.  It  is  a 
colorless  liquid  of  sp.  gr.  1.182  at  20O  C.  (68O  F.)  ;  boils  at  60O  C.  (140©  F.)  ; 
has  a  faint  ethereal  odor.  Its  vapor  detonates  violently  when  heated  to 
150O  C.  (302O  F.).  Heated  with  alcoholic  ammonia,  it  yields  methylamine 
nitrate,  CH^N.NOgH.    Distilled  with  aqueous  potash,  it  yields  methyl  ether. 

Methyl  Nitrite,  CH^.O.NO,  isomeric  with  nitromethane,  CH,.NO,  (p. 
624),  is  produced  by  the  action  of  nitrous  acid  on  methyl  alcohol.  It  is  a 
gas  having  a  pleasant  odor,  and  condensing  at  very  low  temperatures  to  a 
yellowish  liquid  which  boiU  at  ^120  C.  (IO.40  F.). 

Methyl  Sulphates. — Sulphuric  acid,  being  a  bibasio  acid,  yields  two 
methyl  ethers— one  acid,  the  other  neutral. 

AM  Methyl  sulphate,  Methyl  and  Hydrogen  sulphate,  Methylsrdphuric  add, 

or  Sulphomethylic  add,  CH^.H.SO^,  or  SO,  <^|t  '  • — ^To  prepare  this  acid 

ether,  1  part  of  methyl  alcohol  is  slowly  mixed  with  two  parts  of  con- 
centrated sulphuric  acid,  and  the  whole  is  heated  to  boiling,  and  left 
to  cool,  after  which  it  is  diluted  with  water,  and  neutralized  with  barium 
carbonate.  The  solution  is  filtered  from  the  insoluble  sulphate,  and  evapo- 
rated, first  in  a  water-bath,  and  afterwards  in  a  vacuum  to  the  proper 
degree  of  concentration.  The  salt  crystallizes  in  beautiful,  square,  color- 
less tables,  containing  (CH3)jBa(S04)j.2HjO,  which  eflloresce  in  dry  air, 
and  are  very  soluble  in  water.     By  exactly  precipitating  the  base  from 
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this  substance  witli  dilnte  salphuric  acid,  and  leaving  the  filtered  liquid 
to  evaporate  in  the  air,  methy [sulphuric  acid  may  be  procured  in  tlie  foim 
of  a  Bour,  syrupy  liquid,  or  in  minute  acicular  crystals,  very  soluble  in 
water  and  alcohol.     It  is  very  instable,  being  easily  decomposed  by  heat. 

Potassium  methylsulphate,  CU^KSO^,  crystallizes  in  small,  nacreous,  deli- 
quescent rhombic  tables.     The  lead  salt  is  also  very  soluble. 

Neutral  Methyl  sulphate,  or  Dimethylic  sulphate  (S^Vi^)^^,  or  SO,(OCH,),. — 
This  ether  is  prepared  by  distilling  1  part  of  methyl  alcohol  with  8  or  10 
parts  of  strong  sulphuric  acid :  the  distillation  may  be  carried  nearly  to 
dryness.  The  oleaginous  liquid  found  in  the  receiver  is  agitated  with 
water,  and  puriHed  by  rectification  from  powdered  anhydrous  baryta.  The 
product  is  a  colorless,  oily  liquid,  of  alliaceous  odor,  having  a  density  of 
1.324,  and  boiling  at  18bO  C.  (370.40  F.).  It  is  neutral  to  test-paper,  and 
insoluble  in  water,  but  decomposed  by  that  liquid,  slowly  in  the  cold, 
rapidly  and  with  violence  at  a  boiling  temperature,  into  methylsulphurio 
acid  and  and  methyl  alcohol.  Anhydrous  lime  and  baryta  have  no  action 
on  this  ether  :  their  hydrates,  however,  and  those  of  potassium  and  sodium, 
decompose  it  instantly,  with  production  of  a  methylsulphate  of  the  base, 
ajid  methyl  alcohol.  When  neutral  methylsulphate  is  heated  with  common 
salt,  it  yields  sodium  sulphate  and  methyl  chloride ;  with  mercuric  cya- 
nide, or  potassium  cyanide,  it  gives  a  sulphate  of  the  base  and  methyl 
cyanide ;  with  dry  sodium  formate,  it  yields  sodium  sulphate  and  methyl 
formate. 

Methyl  Sulphite  (symmetrical),  S0(0.CH,)2,  formed  by  the  action  of 
sulphur  dichloride,  S^Clj,  on  methyl  alcohol,  as  a  fragrant  liquid  having 
a  specific  gravity  of  1.045,  and  boiling  at  121^  C.  (24U.80  F.). 

Methylsnlphonio  Aoid,  CH3.SO3H,  is  prepared  by  heating  methyl 
iodide  with  a  concentrated  solution  of  potassium  or  sodium  sulphite,  con- 
verting the  resulting  methylsulphonate  into  a  lead-salt,  decomposing  the 
latter  with  hydrogen  sulphide,  and  evaporating  the  filtered  solution.  The 
acid  then  remains  as  a  viscid  uncrystallizable  liquid,  soluble  in  water. 
Its  salts  are  easily  soluble  in  water,  and  crystallize  well ;  the  barium  salt, 
(CU3.SOs)2.Ba,  in  rhombic  plates. 

Methylsulphonic  Chloride,  CH,.SO,.a,  boils  at  1530  C.  (307.4P  p.),  and  is 
decomposed  by  water  into  hydrochloric  and  methylsulphonic  acids. 

Trichloromethylsulphonic  Odoride,  CClj.SOj.Cl,  is  formed  by  the  action  of 
moist  chlorine  on  carbon  bisulphide.  To  prepare  it,  a  mixture  of  500 
grams  of  hydrochloric  acid,  300  grams  of  coarsely  pounded  potassium  di- 
chromate,  200  grams  of  nitric  acid,  and  30  grams  of  carbon  bisulphide  is 
left  to  itself  in  an  open  flask  for  about  a  week,  water  is  added,  and  the 
crystals  of  the  compound,  CCI4SO,,  are  separated  from  the  saline  solution 
by  filtration. 

The  chloride  or  chloranhydride  thus  formed  is  a  colorless  crystalline 
body,  which  melts  at  1350  C.  (2750  F.),  and  boils  at  170O  C.  (3380  F.). 
It  has  a  camphorous  tear-exciting  odor,  dissolves  in  alcohol  and  ether,  but 
is  insoluble  in  water. 

Trichloromethyhuiphonic  Acid,  CCI3.SO3H,  is  obUined  by  boiling  the  chlo- 
ride just  described  with  baryta-water,  and  decomposing  the  resulting 
barium  salt  with  sulphuric  acid.  It  crystallizes  in  deliquescent  prisms  ; 
the  barium  salt,  (CCl3.S03)3Ba-|-H,0,  in  laminae. 

This  trichlorinated  aoid  heated  in  aqueous  solution  with  sodium-amal- 
gam is  converted  successively  into  the  acids,  CHClj.SOjH,  CH3CI.SO3H, 
and  finally  into  methylsulphonic  acid,  CH3.SO3H.  This  series  of 
reactions,  discovered  by  Kolbe  in  1845,  afforded  one  of  the  earliest  instances 
of  the  formation  of  an  organic  compound  from  inorganic  materials. 
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Methyl  Borate,  (CH,)sBO,  a  B(OCH,)„  is  fonned  by  the  action  of 
gaseous  boron  chloride  on  anhydrous  methyl  alcohol.  It  is  a  limpid  liquid, 
of  specific  gravity  0.9551  at  OO,  boiling  at  72P  C.  (161.60  F.).  Water  do- 
oomposes  it  into  boric  acid  and  methyl  alcohol. 

Methyl  Phosphates. — ^Two  methyl  phosphates,  viz.,  methylphospho- 
ric  acid,  P0(0H),(OCH,),  and  dimethylphosphoric  acid,  PO(OH)(OCH^^ 
are  formed  by  the  action  of  phosphorus  ozychloride  on  methyl  alcohol 
under  different  circumstances. 

Methyl-phosphonic  Acid,  (CH,)PO.(OH)g  (p.  555),  is  a  crystalline 
body  melting  at  105*^  C.  (221(->  F.),  and  converted  by  phosphorus  trichloride 
into  methylphosphonic  chloride,  (CH,)P0.C1,,  which  melts  at  32P  C. 
(89.60  p.),  boils  at  163^  C.  (325.4P  p.),  and  is  reconverted  into  the  acid 
by  the  action  of  water. 

Dimethylphosphinic  acid,  (CH()|PO.OH,  is  a  mass  resembling 
paraffin,  melting  at  760  C.  (168.80  p.),  and  volatilizing  without  decompo- 
sition. 

On  Methyl-arwnic  and  Methyl-arsinic  Acidsy  see  Absenic  Basbs. 

Methyl  Sllioate,  Si(0CH,)4,  is  obtained  by  acting  upon  perfectly  pure 
and  dry  methyl  alcohol  with  silioium  tetrachloride,  and  distilling  the  pro- 
duct. It  is  a  colorless  liquid,  of  pleasant,  ethereal  odor,  specific  gravity 
1.0589  at  CO,  distilling  between  121©  and  126©  C.  (249.8©  and  258.8©  p.). 
It  dissolves  with  moderate  facility  in  water,  and  the  solution  does  not  be- 
come turbid,  from  separation  of  silica,  for  some  weeks.  Its  observtMi 
vapor-density  is  5.38  referred  to  air,  or  77.6  referred  to  hydrogen,  the  cal- 
culated number  being  76. 

Methyl  Hydrosnlphlde,  CH,SH,  also  called  Methyl  Mercaptan.— > 

This  compound,  which  has  the  composition  of  methyl  alcohol  with  the 
oxygen  replaced  by  sulphur,  is  formed  by  distilling  in  a  water-bath,  with 
efficient  condensation,  a  mixture  of  calcium  methylsulphate  and  potassium 
hydroBulphide : 

Ca(CH,),(SOJ,  +  2KSH  «  K^O^  +  CaSO^  +  2CH5SH. 

It  is  a  liquid  lighter  than  water,  and  having  an  extremely  offensive  odor. 
It  forms  with  lead-acetate  a  yellow  precipitate,  and  with  mercuric  oxide  a 
white  compound,  (CH^)2^^^gf  which  crystallizes  from  alcohol  in  shining 
lamime. 

Methyl  Sulphide,  (CHO^S,  or  HsC— S— CH3,  is  obtained  by  passing 
gaseous  methyl  chloride  into  a  solution  of  potassium  monosulphide  in 
methyl  alcohol.  It  is  a  colorless,  mobile,  fetid  liquid,  of  specific  gravity 
0.845  at  210  c.  (69.8©  P.),  boiling  at  41©  C.  (105.8©  P.).  It  forms  several 
substitution-products  with  chloride. 

Methyl  Bisulphide^  (CH3)3S„  is  prepared  by  passing  gaseous  methyl  chlo- 
ride through  an  alcoholic  solution  of  potassium  bisulphide.  It  is  a  limpid, 
strongly  refracting  liquid,  having  a  specific  gravity  of  1.046  at  18©  C. 
(64.40  p.^^  and  an  intolerable  odor  of  onions  ;  boils  between  116©  and 
118©  C.  (244.4©  P.).  It  forms  substitution -products  with  bromine  and 
chlorine. 

By  substituting  pentasulphide  for  bisulphide  of  potassium  in  the  pre- 
ceding preparation,  a  trisulphide  of  methyl,  (CU3)2S,,  is  obtained,  boiling  at 
about  200©  C.  (392©  P.). 
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Methyl  Tellnrlde,  or  Tellnro-methyl,  (CH3),Te,  obtained  hy  distil- 
liug  potassium  telluride  with  potassium  methylsulphate,  is  an  oily  fetid 
liquid,  resembling  ethjl  telluride,  which  will  be  described  hereafter.  The 
corresponding  selenium-compound  has  also  been  obtained. 
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Ethyl   Aloohol,   Hydroxy  1-ethane,   or   Methyl    Carbonol, 


C,H«0   s   C,H6(0H)    =      I 

C 


CH,  i  ^i"^ 


CH, 
H 


H,(OH)  ^j, 


This  important  compound,  the  oldest  and  best  known  of  the  whole  group 
of  alcohols,  and  generally  designated  by  the  simple  name  '*  alcohol,"  is 
produced : — 

1.  From  ethene,  C2H4,  by  addition  of  the  elements  of  water.  When 
ethene  gas  and  strong  sulphuric  add  are  violently  agitated  together  for  a 
long  time,  the  gas  is  absorbed,  and  ethylsulphuric  acid,  C^HgSO^,  is  pro- 
du^ ;  and  this  compound,  distilled  with  water,  yields  sulphuric  acid 
and  ethyl  alcohol : — 

CjHeSO^    +    H,0    =    HjSO^    +    CjE^O. 

Now  we  have  seen  that  ethene  can  be  formed  by  addition  of  hydrogen  to 
acetylene,  C^Hj,  which  is  itself  formed  by  direct  combination  of  carbon  and 
hydrogen.  It  follows,  therefore,  that  alcohol  can  be  produced  synthetically 
from  its  elements. 

2.  From  ethyl  chloride,  bromide  or  iodide  by  the  reactions 
already  mentioned  (p.  515). 

3.  By  the  fermentation  of  certain  kinds  of  sugar.  When  a  mode- 
rately warm  solution  of  cane-sugar  or  grape-sugar  (glucose)  is  mixed  with 
certain  albuminous  matters,  as  blood,  white  of  eggf  flour-paste,  and  espe- 
cially beer-yeast,  in  a  state  of  decomposition,  a  peculiar  process,  called /er- 
mentation,  is  set  up,  by  which  the  sugar  is  resolved  into  ethyl  alcohol  and 
carbon  dioxide.  In  the  case  of  glucose,  CgHijOg,  these  products  result  from 
a  simple  splitting  up  of  the  molecule  :-— 

CeHjjO,    =    2C0j    +    2C,H,0. 

Cane-sugar,  C„HjjO„,  is  first  converted  into  glucose  by  assumption  of  water, 
(C„H^Oii  -f-  H,0  =  2C^Uifif)y  and  the  latter  is  then  decomposed  as  above.* 
If  ordinary  cane-sugar  be  dissolved  in  a  large  quantity  of  water,  a  due 
proportion  of  active  yeast  added,  and  the  whole  maintained  at  a  tempera- 
ture of  21Q-260  C.  (70Q-80OF.),  the  change  will  go  on  with  great  rapidity. 
The  gas  disengaged  is  nearly  pure  carbon  dioxide :  it  is  easily  collected 
and  examined,  as  the  fermentation,  once  commenced,  proceeds  perfectly 
well  in  a  close  vessel,  such  as  a  large  bottle  or  flask  fitted  with  a  cork  and 
a  conducting  tube.  When  the  effervescence  is  at  an  end,  and  the  liquid 
has  become  clear,  it  will  yield  alcohol  by  distillation. 

*  Side  by  side  with  thig  prindpAl  decomposition,  a  variety  of  other  ohftnees  are 
Blmultaneously  accompliahed.  According  to  Pasteur,  glycerin,  succinic  acid,  cel- 
lulose, fats,  and  occasionally  lactic  acid,  are  observed  amonff  the  products  of  alco- 
holic fermentation.  Some  of  the  homologues  of  ethyl  alcohol  are  also  found 
among  the  products. 
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The  spirit  first  obtained  by  distilling  a  fermented  saccharine  liqaid  is 
very  weak,  being  diluted  with  a  large  quantity  of  water.  By  a  second 
distillation,  in  which  the  first  portions  of  the  distilled  liquid  are  collected 
apart,  it  may  be  greatly  strengthened :  the  whole  of  the  water  cannot, 
however,  be  thus  removed.  The  strongest  rectified  spirit  of  wine  of  com- 
merce has  a  density  of  about  0.835,  and  yet  contains  13  or  14  per  cent,  of 
water.  Pure  or  absolute  alcohol  may  be  obtained  from  it  by  redistilling  it 
with  half  its  weight  of  fresh  quicklime.  The  lime  is  reduced  to  coarse 
powder,  and  put  into  a  retort ;  the  alcohol  is  added,  and  the  whole  mixed 
by  agitation.  The  neck  of  the  retort  is  securely  stopped  with  a  cork,  and 
the  mixture  left  for  several  days.  The  alcohol  is  distilled  off  by  the  heat 
of  a  water-bath. 

Pure  alcohol  is  a  colorless,  limpid  liquid,  of  pungent  and  agreeable  taste 
and  odor;  its  specific  gravity,  at  15.5©  C.  (60O  F.),  is  0.7938,  and  that  of 
its  vapor,  referred  to  air,  1.613.  It  is  very  inflanunable,  burning  with  a 
pale  bluish-fiame,  free  from  smoke ;  it  has  never  been  frozen.  Alcohol 
boils  at  78.40C.  (173^  F.)  when  in  the  anhydrous  state ;  in  a  dihit<Hi  state 
the  boiling  point  is  higher,  being  progressively  raised  by  each  addition  of 
water.  In  the  act  of  dilution  a  contraction  of  volume  occurs,  and  the 
temperature  of  the  mixture  rises  many  degrees  :  this  takes  place  not  only 
with  pure  alcohol,  but  also  with  rectified  spirit.  Alcohol  is  miscible  with 
water  in  all  proportions,  and,  indeed,  has  a  great  attraction  for  the  latter, 
absorbing  its  vapor  from  the  air,  and  abstracting  the  moisture  from  mem- 
branes and  other  similar  substances  immersed  in  it.  The  solvent  powers 
of  alcohol  are  very  extensive  ;  it  dissolves  a  great  number  of  saline  com- 
pounds, and  likewise  a  considerable  proportion  of  potash.  With  some 
salts  it  forms  definite  crystalline  compounds,  called  alcoholates:  with 
zific  chloride f  ZnCl2.2C2HjO  ;  with  calcium  chloride^  CaCl2.4C2ll50  ;  with  mag- 
nesium nitrate^  Mg(NO,)2«6C2HgO.  Alcohol  dissolves,  moreover,  many  or- 
ganic substances,  as  the  vegoto-alkalies,  resins,  essential  oils,  and  various 
other  bodies :  hence  its  great  use  in  chemical  investigations  and  in  several 
of  the  arts. 

Potassium  and  sodium  dissolve  in  ethyl  alcohol  in  the  same  manner  as  in 
methyl  alcohol,  forming  the  compounds  CjHjKO  and  CjHsNaO. 

Alcohol,  passed  through  a  red-hot  tube,  is  resolved  into  marsh-gas,  hy- 
drogen, and  carbon  monoxide. 

C^HeO    =    CH^    -f     H,    4-     CO. 

Small  quantities  of  ethene,  benzene,  and  naphthaline  are,  however,  formed 
at  the  same  time  by  the  mutual  action  of  these  primary  products,  and 
carbon  is  deposited. 

By  oxidation^  alcohol  is  converted  first  into  aldehyde,  CjH^O,  then  into 
acetic  acid,  C2H40, : 

Cfifi  +  O  =  HjO  -f  Cfifl, 
and  CjH^O  +  O  =  CjH^Oj. 

Chlorine  gas  is  rapidly  absorbed  by  anhydrous  alcohol,  turning  it  yellow, 
and  causing  considerable  rise  of  temperature.  At  the  same  time  it  rapidly 
abstracts  hydrogen,  which  is  partly  replaced  by  the  chlorine,  producing 
hydrochloric  acid,  aldehyde,  acetic  acid,  ethyl  acetate,  ethyl  chloride,  and 
chloral.  The  mixture  of  these  substances,  freed  by  water  from  the  soluble 
constituents,  was  formerly  called  heavy  muriatic  ether.  The  formation  of  the 
several  products  is  represented  by  the  following  equations  : — 

C,H,0        4-  CI,         =        2HC1        +        C,H,0, 

Alcohol.  Aldehyde. 

C^H^O         +  4C1,        =         5HC1         +         C2UCI3O, 

Alcohol.  Chloral. 
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C,HeO         + 
Alcohol. 

CaH^O         +  HjO  +  2C1, 
AlcohoL 


nCl       =         HgO 


C,H,0 
AlcohoL 


+      C,H,0, 
Acetic  acid. 


=         4HC1 
=        H,0 


+         C«H,C1 , 
Ethyl  chloride. 

+         CjH^Oj , 
Acetic  acid. 

Ethyl  acetate. 


When  the  action  of  the  chlorine  is  continued  for  a  long  time,  chloral 
is  always  the  principal  product.  This  compound  is  a  heavy  oily  liquid, 
having  the  composition  of  aldehyde  with  3  atoms  of  hydrogen  replaced  by 
clilorine  ;  but  it  cannot  be  formed  by  the  direct  action  of  chlorine  ujwn 
aldehyde.  When  alcohol  containing  water  is  used,  scarcely  any  chloral 
is  obtained,  the  chief  product  being  aldehyde. 

Chlorine^  in  presence  of  alkcUieSy  converts  alcohol  into  chloroform,  CHClj, 
and  carbon  dioxide  : — 

Cfifi  +  5C1,  4-  H,0  =  CO,  +  7Ha  +  CHCl, . 

The  same  products  are  formed  by  distilling  dilute  alcohol  with  bleach- 
ing powder. 

Aqueous  alcohol  heated  with  strong  sulphuric  acid  is  converted  into  ethyl- 
sulphuric  acid,  C2H5SO4 ;  but  when  anhydrous  alcohol  is  exposed  to  the 
vapor  of  sulphuric  oxide,  SO,,  a  white  crystalline  substance  is  formed, 
called  ethionic  oxide,  formerly  sulphate  of  carbyl,  C^H^S^Oe.  This, 
when  dissolved  in  water  or  in  aqueous  alcohol,  is  converted  into  ethionic 
acid,  CjHjSgO^,  a  bibasic  acid,  which  forms  a  soluble  barium  salt.  Lastly, 
a  solution  of  ethionic  acid,  when  boiled,  is  resolved  into  sulphuric  acid 
and  isethlonio  acid,  an  acid  isomeric  with  ethyl-sulphurio  acid. 


Commercial  Spirit j  Wine,  Beer,  etc.  Vinous  Fermentation. — ^The  strength 
of  commercial  spirit,  when  free  from  sugar  and  other  substances  added 
sul)sequently  to  distillation,  is  inferred  from  its  density  :  a  table  exhibit- 
ing the  proportions  of  real  alcohol  and  water  in  spirits  of  different  densi- 
ties will  be  found  at  the  end  of  the  volume.  The  excise  proof  spirit  has  a 
specific  gravity  of  0.9198  at  6(P  F.,  and  contains  49^-  per  cent,  by  weight 
of  real  alcohol. 

The  high  duty  on  spirits  of  wine  in  this  country  has  hitherto  interfered 
with  the  development  of  many  branches  of  industry,  which  are  dependent 
on  the  free  use  of  this  important  liquid.  The  labors  of  the  scientific  chem- 
ist have  been  likewise  often  checked  by  this  inconvenience.  A  remedy  for 
the  evil  has  been  supplied  by  a  very  important  measure,  proposed  and 
carried  out  by  the  late  Mr.  John  Wood,  Chairman  of  the  Board  of  Inland 
Revenue.  This  measure  consists  in  issuing,  for  manufacturing  and  scien- 
tific purposes,  duty  free,  a  mixture  of  90  per  cent,  of  spirits  of  wine  of 
strength  not  less  than  corresponds  with  a  density  of  0.830,  and  10  per 
cent,  of  partially  purified  wood-spirit,  which  is  now  sold  by  licensed  dealers 
under  the  name  of  Methylated  Spirit.  It  appears  that  a  mixture  of  this 
kind  is  rendered  permanently  unfit  for  human  consumption,  the  separa- 
tion of  the  two  substances,  in  consequence  of  their  close  analogy,  being 
not  only  difficult,  but  to  all  appearance  impossible:  at  the  same  time, 
and  for  the  same  reasons,  this  mixture  is  not  materially  impaired  for  the 
greater  number  of  the  more  valuable  purposes  in  the  arts  for  which  spirits 
are  usually  employed.  Methylated  spirit  may  be  used,  instead  of  pure 
spirit,  as  a  solvent  of  resinous  substances,  and  of  many  chemical  prepara- 
tions, especially  of  the  alkaloids  and  other  organic  products.  It  may  be 
used  for  the  production  of  fulminating  mercury,  ether,  chloroform,  iodo- 
48 
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form,  olefiant  gas,  and  all  its  derivatives — in  fact,  for  an  endless  nnmlier 
of  laboratory  purposes.  Methylated  spirit  may  also  be  substituted  for 
pure  spirit  of  wine  in  the  preservation  of  anatomical  preparations.  The 
introduction  of  this  spirit  has  already  exerted  a  very  beneficial  effect  upon 
the  development  of  organic  chemistry  in  England.* 

Wine,  Beer,  etc,  owe  their  intoxicating  properties  to  the  alcohol  they 
contain,  the  quantity  of  which  varies  very  much.  Port  and  sherry,  and 
some  other  strong  wines,  contain  from  19  to  25  per  cent,  of  alcohol,  while 
in  the  lighter  wines  of  France  and  Germany  it  sometimes  falls  as  low  as 
12  per  cent.  Strong  ale  contains  about  10  per  cent. ;  ordinary  spirits,  as 
brandy,  gin,  whiskey,  40  to  50  percent.,  or  occasionally  more.  These  latter 
owe  their  characteristic  flavors  to  certain  essential  oils  and  compound 
ethers,  present  in  very  small  quantity,  either  generated  in  the  act  of  fer* 
mentation  or  purposely  added. 

In  making  wine,  the  expressed  juice  of  the  grape  is  simply  set  aside  iu 
large  vats,  where  it  undergoes  spontaneously  the  necessary  change.  The 
vegetable  albumin  of  the  juice  absorbs  oxygen  from  the  air,  runs  into  de> 
composition,  and  in  that  state  becomes  a  ferment  to  the  sugar,  which  is 
gradually  converted  into  alcohol.  If  the  sugar  be  in  excess,  and  the 
azotized  matter  deficient,  the  resulting  wine  remains  sweet ;  but  if,  on  the 
otlier  hand,  the  proportion  of  sugar  be  small  and  that  of  albumin  large,  a 
drj/  wine  is  produced.  When  the  fermentation  stops,  and  the  liquor  be- 
comes clear,  it  is  drawn  off  from  the  lees,  and  transferred  to  casks,  to  ripen 
and  improve. 

The  color  of  red  wine  is  derived  from  the  skins  of  the  grapes,  which  in 
such  cases  are  left  in  the  fermenting  liquid.  Effervescent  wines,  as  cham- 
pagne, are  bottled  before  the  fermentation  is  complete  ;  the  carbonic  acid 
is  disengaged  under  pressure,  and  retained  in  solution  in  the  liquid.  A 
certain  quantity  of  sugar  is  frequently  added.  The  process  requires  much 
delicate  management. 

During  the  fermentation  of  the  grape-juice,  or  miisty  a  crystalline,  stony 
matter,  called  argol^  is  deposited.  This  consists  chiefly  of  acid  potassium 
tartrate  with  a  little  coloring  matter,  and  is  the  source  of  all  the  tartaric 
acid  met  with  in  commerce.  The  salt  in  question  exists  in  the  juice  in 
considerable  quantity  ;  it  is  but  sparingly  soluble  in  water,  but  still  less 
so  in  dilute  alcohol :  hence,  as  the  fermentation  proceeds,  and  the  quan- 
tity of  spirit  increases,  it  is  slowly  deposited.  The  acid  of  the  juice  is 
thus  removed  as  the  sugar  disappears.  It  is  this  circumstance  which 
renders  grape-juice  alone  fit  for  making  good  wine ;  wlien  that  of  goose- 
berries or  currants  is  employed  as  a  substitute,  the  malic  and  citric  acids 
which  these  fruits  contain  cannot  be  thus  withdrawn.  There  is  then  no 
other  resource  but  to  add  sugar  in  sufficient  quantity  to  mask  and  conceal 
the  natural  acidity  of  the  liquor.  Such  wines  are  necessarily  ascescent, 
prone  to  a  second  fermentation,  and,  to  many  persons  at  least,  very  un- 
wholesome. 

Beer  is  a  well-known  liquor,  of  great  antiquity,  prepared  from  germinated 
grain,  generally  barley,  and  is  used  in  countries  where  the  vine  does  not 
flourish.  The  operation  of  malting  is  performed  by  steeping  the  barley  in 
water  until  the  grains  become  swollen  and  soft,  then  piling  it  in  a  heap  or 
coMcA,  to  favor  the  rise  of  temperature  caused  by  the  absorption  of  oxygen 
from  the  air,  and  afterwards  spreading  it  upon  a  floor,  and  turning  it  over 
from  time  to  time  to  prevent  unequal  lieating.  When  germination  has 
proceeded  far  enough,  the  vitality  of  the  seed  is  destroyed  by  kiln-drying. 

*  See  Report  on  the  Supply  of  Spirits  of  Wine,  free  from  duty,  for  use  in  the 
Arts  and  AlanufActures,  addressed  to  the  Ohalrmnn  of  Inland  Revenue  by  Pro- 
fessors Qrftham,  HofmAun,  and  Redwood.  ((Quarterly  Journal  of  Chemical  So- 
ciety, vol.  viil.  p.  120.) 
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During  this  process,  a  peculiar  nitrogenous  substance  called  diastase  is 
produced,  which  acts  as  a  ferment  ou  tlie  starch  of  the  grain,  converting 
a  portion  of  it  into  sugar  and  rendering  it  soluble. 

In  brewing,  the  crushed  malt  is  infused  in  water  at  about  77^  C.  (170O 
F.),  and  the  mijcture  is  left  to  stand  for  two  hours  or  more.  The  easily 
soluble  diastase  has  thus  an  opportunity  of  acting  upon  the  unaltered 
starch  of  the  grain,  and  changing  it  into  dextrin  and  sugar.  The  clear 
liquor,  or  wortj  strained  from  the  exhausted  malt,  is  next  pumped  up  into 
a  copper  boiler,  and  boiled  with  the  requisite  quantity  of  hops,  to  oommu- 
nicate  a  pleasant  bitter  flavor,  and  confer  on  the  beer  the  property  of  keep- 
ing without  injury.  The  flowers  of  the  hop  contain  a  bitter,  resinous 
principle,  called  luptdin,  and  an  essential  oil. 

When  the  wort  has  been  sufficiently  boiled,  it  is  drawn  from  the  copper, 
and  cooled  as  rapidly  as  possible,  to  near  the  ordinary  temperature  of  the 
air,  in  order  to  avoid  an  irregular  acid  fermentation,  to  which  it  would 
otherwise  be  liable.  It  is  then  transferred  to  the  fermenting  vessels, 
which  in  large  breweries  are  of  great  capacity,  and  mixed  with  a  quantity 
of  yeast,  the  product  of  a  preceding  operation,  by  which  the  change  is 
speedily  Induced.  This  is  the  most  critical  part  of  the  whole  operation, 
and  one  in  which  the  skill  and  judgment  of  the  brewer  are  most  called 
into  play.  The  process  is  in  some  measure  under  control  by  attention  to 
the  temperature  of  the  liquid ;  and  the  extent  to  which  the  change  has 
been  carried  is  easily  known  by  the  diminished  density,  or  attenuation  of 
the  wort.  The  fermentation  is  never  suffered  to  run  its  full  course,  but  is 
always  stopped  at  a  particular  point,  by  separating  the  yeast,  and  drawing 
off  the  beer  into  casks.  A  slow  and  almost  insensible  fermentation  suc- 
ceeds, which  in  time  renders  the  beer  stronger  and  less  sweet  than  when 
new,  and  charges  it  with  carbonic  acid. 

Highly  colored  beer  is  made  by  adding  to  the  malt  a  small  quantity  of 
strongly  dried  or  charred  malt,  the  sugar  of  which  has  been  changed  to 
caramel :  porter  and  stout  are  so  prepared. 

The  yeast  of  beer  is  a  Yery  remarkable  substance.  To  the  naked  eye  it 
is  a  greenish-yellow  soft  solid,  nearly  insoluble  in  water,  and  dries  up  to 
a  pale-brownish  mass,  which  readily  putrefies  when  moistened,  and  be- 
comes offensive.  Under  the  microscope  it  exhibits  a  kind  of  organ- 
ized appearance,  being  made  up  of  little  transparent  globules,  which 
sometimes  cohere  in  clusters  or  strings,  like  some  of  the  lowest  members 
of  the  vegetable  kingdom.  Whatever  may  be  the  real  nature  of  the  sub- 
stance, no  doubt  can  exist  that  it  is  formed  from  the  soluble  azotized  por- 
tion of  the  grain  during  the  fermentative  process.  No  yeast  is  ever  pro- 
duced in*  liquids  free  from  azotized  matter  ;  that  added  for  the  purpose  of 
exciting  fermentation  in  pure  sugar  is  destroyed,  and  rendered  inert 
thereby.  When  yeast  is  deprived,  by  straining  and  strong  pressure,  of 
as  much  water  as  possible,  it  may  be  kept  in  a  cool  place,  with  unaltered 
properties  for  a  long  time  ;  otherwise  it  quickly  spoils. 

The  distiller,  who  prepares  spirits  from  grain,  makes  his  wort,  or  wash, 
much  in  the  same  manner  as  the  brewer ;  he  uses,  however,  with  the 
malt  a  large  quantity  of  raw  grain,  the  starch  of  which  suffers  conversion 
into  sugar  by  the  diastase  of  the  malt,  which  is  sufficient  for  his  purpose. 
He  does  not  boil  his  infusion  with  hops,  but  proceeds  at  once  to  the  fer- 
mentation, which  he  pushes  as  far  as  possible  by  large  and  repeated  doses 
of  yeast.  Alcohol  is  manufactured  in  many  cases  from  potatoes.  The 
potatoes  are  ground  to  pulp,  mixed  with  hot  water  and  a  little  malt,  to 
furnish  diastase,  made  to  ferment,  and  then  the  fluid  portion  is  distilled. 
The  potato-spirit  is  contaminated  by  a  very  offensive  volatile  oil,  again  to 
be  mentioned :  the  crude  product  from  corn  contains  a  substance  of  a 
similar  kind.    The  business  of  the  rectifier  consists  in  removing  or  modi- 
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fjing  these  volatile  oils,  and  in  replacing  them  hy  others  of  a  more  agree- 
able character. 

In  making  bread,  the  vinons  fermentation  plays  an  important  part :  the 
yeast  added  to  the  dough  converts  the  small  portion  of  sugar  the  meal 
naturally  contains  into  alcohol  and  carbonic  acid.  The  gas  thus  disengaged 
forces  the  tough  and  adhesive  materials  into  bubbles,  which  are  still  further 
expanded  by  the  heat  of  the  oven,  which  at  the  same  time  dissipates  the 
alcohol :  hence  the  light  and  spongy  texture  of  all  good  bread.  The  use 
of  leaven  is  of  great  antiquity :  this  is  merely  dough  in  a  state  of  incipient 
putrefaction.  When  mixed  with  a  large  quantity  of  fresh  dough,  it  ex- 
cites in  the  latter  the  alcoholic  fermentation,  in  the  same  manner  as  yeast, 
but  less  perfectly ;  it  is  apt  to  communicate  a  disagreeable  sour  taste  and 
odor.  Sometimes  carbonate  of  ammonium  is  employed  to  lighten  the  dough, 
being  completely  volatilized  by  the  high  temperature  of  the  oven.  Bread 
is  now  sometimes  made  by  mixing  a  little  hydrochloric  acid  and  sodium 
carbonate  in  the  dough ;  if  proper  proportions  be  taken  and  the  whole 
thoroughly  mixed,  the  operation  appears  to  be  very  successful. 

Another  mode  of  bread-making  is  that  invented  by  the  late  Dr.  Dauglish, 
which  consists  in  agitating  the  dough  in  a  strong  vessel  with  water  satu- 
rated under  pressure  with  carbonic  acid  gas.  When  the  dough  thus  treated 
is  subsequently  released  from  this  pressure  and  exposed  to  the  air,  the  gas 
escapes  in  bubbles,  and  lightens  the  mass  as  offectually  as  that  evolved 
within  its  substance  by  fermentation.  The  bread  thus  made,  called  ''  aSr- 
ated  bread,**  is  of  excellent  quality,  not  being  subject  to  the  deterioration 
which  so  frequently  takes  place  in  ordinary  bread,  when  the  fermentation 
18  allowed  to  go  too  far. 

Vinous  fermentatum,  that  is  to  say,  the  conversion  of  sugar  into  alcohol 
and  carbon  dioxide,  never  takes  place  except  in  presence  of  some  nitro- 
genous body  of  the  albuminoid  class  in  a  state  of  decomposition,  and  it  is 
always  accompanied  by  the  development  of  certain  minute  living  organ- 
isms— fungi  and  infusoria— rlike  those  already  mentioned  as  existing  in 
yeast.  So  constantly  indeed  is  this  the  case  that  many  chemists  and 
physiologists  regard  these  organisms  as  the  exciting  cause  of  fermentation 
and  putrefaction ;  and  this  view  appears  to  be  corroborated  by  the  fact  that 
each  particular  kind  of  fermentation  takes  place  most  readily  in  contact 
with  a  certain  living  organism,  or  at  least  with  nitrogenous  matter  con- 
taining it ;  thus  beer-yeast  contains  two  species  of  fungus,  called  Torrnla 
cereviaicB  and  Penicillium  glaucian,  the  cells  of  which  are  of  very  diiferent 
sizes,  so  that  they  may  be  separated  by  filtering  an  infusion  of  the  yeast, 
the  larger  cells  of  the  Torvula  remaining  on  the  filter,  while  those  of  tlie 
Penicillium,  which  are  much  smaller,  pass  through  With  the  liquid.  Now,  it  is 
found  that  the  residue  on  the  filter  brings  a  solution  of  sugar  into  the  state 
of  vinous  fermentation,  whereas  the  filtered  liquid  induces  lactous  fermen- 
tation ;  but  whether  this  effect  is  due  to  the  fungi  themselves,  or  to  the 
peculiar  state  of  the  albuminous  matter  in  which  they  occur,  is  a  question 
not  yet  decided.  The  investigation  is  attended  with  peculiar  difficulties, 
arising  chiefly  from  the  universal  diffusion  of  the  germs  of  these  minute 
organisms,  which  are  present  not  only  in  all  decaying  albuminous  matter, 
and  on  the  skins  of  fruits,  leaves,  and  other  parts  of  plants,  but  are  like- 
wise diffused  through  the  air ;  so  that  in  experiments  made  for  the  purpose 
of  ascertaining  whether  fermentation  can  take  place  without  them,  it  is 
extremely  difficult  to  ensure  their  complete  exclusion  from  the  substances 
under  examination.* 

•  See  the  article  "  Fermentation,"  in  Watts's  Dictionary  of  Chemistry,  vol.  11. 
p.  uak 
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*  Ethyl  Chloride,  or  Chlorethane,  C^B.gPif  or  HgC— CH,C1,  often  called 
fftfdrochloric  ether, — ^To  prepaxe  this  oompound|  rectified  spirit  of  wine  is 
saturated  with  dry  hydrocLloric  acid  gas,  and  the  product  distilled  at  a 
very  gentle  heat ;  or  a  mixture  of  3  parts  oil  of  vitriol  and  2  parts  of 
alcohol  is  poured  upon  4  parts  of  dry  common  salt  in  a  retort,  and  heat 
applied ;  in  either  case  the  vapor  of  the  hydrochloric  ether  should  be  con- 
ducted through  a  little  tepid  water  in  a  wash-bottle,  and  thence  into  a 
small  receiver  surrounded  by  ice  and  salt.  It  is  purified  from  adhering 
water  by  contact  with  a  few  fragments  of  fused  calcium  chloride. 

Ethyl  chloride  is  a  thin,  colorless,  and  excessively  volatile  liquid,  of  a 
penetrating,  aromatic,  and  somewhat  alliaceous  odor.  At  the  freezing 
point  of  water,  its  sp.  gr.  is  0.921,  and  it  boils  at  12.50  C.  (54.50  F.).  It 
is  soluble  in  10  parts  of  water,  is  but  incompletely  decomposed  by  solution 
of  silver  nitrate  when  the  two  are  heated  together  in  a  sealed  tube,  but  is 
quickly  resolved  into  potassium  chloride  and  ethyl  alcohol  by  a  hot  aqueous 
solution  of  caustic  potash : 

CaHfiQ    +    KOH    =    KCl    +    CjHjOH. 

With  alcoholic  potash,  on  the  other  hand,  or  potassium  ethylate,  it  yields 
ethyl  oxide,  or  common  ether : 

CjHja    +    C^UfiK    =    KCl    +     (C,H5),0. 

neated  with  soda-lime,  it  yields  ethene  or  defiant  gas : 

2C,H5C1    +    Na,0    =    2NaCl    +    H,0    +    2iC^^^. 

When  vapor  of  ethyl  chloride  is  mixed  with  chlorine  gas  in  a  vessel  ex- 
posed, first  to  diffused  daylight,  and  afterwards  to  direct  sunshine,  hydro- 
chloric acid  is  formed,  and  the  chlorine  displaces  one  atom  of  hydrogen  in 
the  ethyl  chloride,  producing  monochlorinated  ethyl  chloride,  ethene  chlo- 
ride or  dichlorethane,  T!2H2Cl4  (p.  517).  By  the  prolonged  action  of  chlo- 
rine in  excess,  the  compounds  C^HjCls,  CgH^Cl^,  C^HCl^,  and  CjCl^,  are 
produced  (pp.  521,  522). 

Ethyl  Bromide,  or  Bromethane,  CgHgBr,  also  called  ff^robromic  ether, 
is  prepared  by  distilling  a  mixture  of  8  parts  bromine,  1  part  phosphorus, 
and  39  parts  alcohol.  It  is  a  very  volatile  liquid,  heavier  than  water, 
having  a  penetrating  taste  and  odor,  boiling  at  41^  C.  (105.80  F.). 

Ethyl  Iodide,  or  lodethane,  CjHgl,  also  called  Hydriodic  ether^  may 
be  conveniently  prepared  with  5  parts  of  phosphorus,  70  parts  of  alcohol 
(of  0.84  sp.  gr.),  and  100  parts  of  iodine.  The  phosphorus  is  introduced 
into  a  tubulated  retort,  covered  with  part  of  the  alcohol,  and  heated  to 
fusion.  The  rest  of  the  alcohol  is  poured  upon  the  iodine,  and  the  solu- 
tion thus  obtained  is  allowed  to  flow  gradully  through  a  tap- funnel  into 
the  retort.  The  brown  liquid  is  at  once  decolorized,  and  ethyl  iodide  dis- 
tils over,  which  is  condensed  by  a  good  cooling  apparatus.  The  distillate, 
consisting  of  alcohol  and  ethyl  iodide,  is  again  poured  on  the  residuary 
iodine,  which  is  thus  rapidly  dissolved,  introduced  into  the  retort,  and 
ultimately  entirely  converted  into  ethyl  iodide.  The  latter  is  washed  with 
water  to  remove  adhering  alcohol,  separated  from  this  water  by  a  tap- 
funnel,  digested  with  calcium  chloride,  and  rectified  in  the  water-bath. 
Sthyl  iodide  may  also  be  formed  by  heating  in  a  sealed  glass  vessel  a  mix- 

48* 
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tnre  of  hydriodio  acid  and  olefiant  gas.  It  is  a  colorless  liquid,  of  pene- 
trating ethereal  odor,  having  a  density  of  1.92,  and  boiling  at  'i2PC.  (161. ()0 
F.).  It  becomes  red  by  exposure  to  light,  from  the  commencement  of  de-> 
composition.  This  sutetance  has  become  highly  important  as  a  source  of 
ethyl,  and  from  its  remarkable  deportment  with  ammonia,  which  will  be 
discussed  in  the  Section  on  Amines. 

Bthyl  Oxide,  or  Ethylio  ether,  C^H^qO  =  CjHsO.CgHg  =(C,H5),0 

This  compound,  also  called  cononon  ether ^  or  simply  either ,  contains  the  ele- 
ments of  2  molecules  of  alcohol  minus  1  molecule  of  water : — 

2C,HeO    —    H,0    =    C^Hj^O; 

and  it  is  in  fact  produced  by  the  action  of  various  dehydrating  ajirents,  such, 
as  zinc  chloride,  phosphoric  oxide,  and  strong  sulphuric  acid,  upon  alcohol. 
The  process  does  not  appear,  however,  to  be  one  of  direct  dehydration,  at 
least  in  the  case  of  sulphuric  acid  ;  for  when  that  acid  is  heated  with  alco- 
hol to  a  certain  temperature  it  does  not  become  weaker  by  taking  water 
from  the  alcohol,  but  ether  and  water  distil  over  together,  and  the  sul- 
phuric acid  remains  in  its  original  state,  ready  to  act  in  the  same  manner 
on  a  fresh  portion  of  alcohol.  The  reaction  is  in  fact  one  of  substitution, 
the  ultimate  result  being  the  conversion  of  alcohol,  C2Hg(0H),  into  ether, 
CjHjCOCjHj),  by  the  substitution  of  ethyl  for  hydrogen.  The  manner  in 
which  this  takes  place  will  be  better  understood  when  another  mode  of 
the  formation  of  ether  has  been  explained. 

When  a  solution  of  sodium  ethylate,  NaOCjHj,  in  anhydrous  alcohol, 
obtained  by  dissolving  sodium  to  saturation  in  that  liquid,  is  mixed  with 
ethyl  iodide,  double  decomposition  takes  place,  resulting  in  the  formation 
of  sodium  iodide  and  ethyl  oxide : — 

NaOCjHj    +    CjHjI    =    Nal    -|-    CjEjOC^Hg. 

The  result  would  be  the  same  if  chloride  or  bromide  of  ethyl  were  substi- 
tuted for  the  iodide :  moreover,  when  methyl  iodide  is  added,  instead  of 
the  ethyl  iodide,  an  oxygen-ether  iis  formed  oontaining  both  ethyl  and 
methyl  ;— 

NaOCgH^    +    CH3I    =    Nal    +    C.HeOCH,. 
Sodium  ethylate.     Methyl  Etnyl-metbyl 

iodide.  ether. 

In  each  case  the  reaction  consists  in  an  interchange  between  the  sodium 
and  the  alcohol-radicle. 

Now,  when  alcohol  is  heated  with  strong  sulphuric  acid,  the  first  result 
is  the  formation  of  ethylsulphuric  acid,  SOg(OC2H5)OH,  by  substitution  of 
ethyl  for  hydrogen  in  the  acid : — 

SO,(OH)(OH)    +    C-HsCOH)    =    H(OH)    +    Sa(OC,H,)(OH); 
Sulphurio  Aloohol.  Water.  Ethyl  aulphurio 

acid.  acid. 

and  when  the  ethylsulphuric  acid  thus  formed  is  brought  in  contact,  at  a 
certain  temperature,  with  a  fresh  portion  of  alcohol,  the  reverse  substitu- 
tion takes  place,  resulting  in  the  formation  of  ethyl  oxide  and  sulphurio 
acid: — 

SO^COCjHsXOH)    -f     C-Hs(OH)    =    CjH.OC^Hs    +    SO^COH),. 
Etbylsulphurio  Alcohol.  Ether.  Sulphurio     • 

acid.  acid. 

The  sulphuric  acid  is  thus  reproduced  in  its  original  state,  and  if  the  sup- 
ply of  alcohol  be  kept  up,  and  the  temperature  maintained  within  certain 
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limits,  the  same  series  of  actions  is  oontinuallj  repeated,  and  ether  and 
water  distil  over  together. 

The  most  favorable  temperature  for  etherification  is  between  1270  and 
1540  C.  (260O  and  310O  F.);  below  121^  very  little  ether  is  produced,  and 
above  1540  a  different  reaction  takes  place,  resulting  in  the  formation  of 
olefiant  gas.  The  maintenance  of  the  temperature  within  the  ether-pro- 
ducing limits  is  best  effected  by  boiling  the  mixture  of  sulphuric  acid  and 
alcohol  in  a  flask  into  which  a  further  quantity  of  alcohol  is  supplied  in  a 
continuous  and  regulated  stream.  This  is  called  the  continuous  ether  pro- 
cess. 

A  wide-neoked  flask  a  (fig.  173),  is  fitted  with  a  sound  cork  perforated  by 
three  apertures,  one  of  which  is  destined  to  receive  a  thermometer  with 
the  graduation  on  the  stem ;  a  second,  the  vertical  portion  of  a  long, 
narrow  tube,  terminating  in  an  orifice  of  about  ^  of  an  inch  in  diameter ; 

Fig.  173. 


and  the  third,  a  wide  bent  tube,  r,  connected  with  the  condenser,  to  carry 
off  the  volatilized  products.  A  mixture  is  made  of  8  parts  by  weight  of 
concentrated  sulphuric  acid,  and  6  parts  of  rectified  spirit  of  wine,  of  about 
0.834  sp.  gr.  This  is  introduced  into  the  flask,  and  heated  by  a  lamp. 
The  liquid  soon  boils,  and  the  thermometer  very  shortly  indicates  a  tem- 
perature of  140O  C.  (284P  F.).  When  this  happens,  alcohol  of  the  above 
density  is  suffered  slowly  to  enter  by  the  narrow  tube,  which  is  put  into 
communication  with  a  reservoir,  6,  of  that  liquid,  consisting  of  a  large 
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bottle  perforated  hy  a  hole  near  the  bottom,  and  famished  with  a  small 
brass  stopcock  fitted  by  a  cork  :  the  stopcock  is  secured  to  the  end  of  the 
long  tube  hy  a  caoutchouc  connector.  As  the  tube  passes  nearly  to  the 
bottom  of  the  flask,  the  alcohol  getsthoroughly  mixed  with  the  acid  liquid, 
the  pressure  of  the  fluid  column  being  suflicieut  to  insure  the  regularity 
of  the  flow  ;  the  quantity  is  easily  adjusted  by  the  aid  of  the  stopcock. 
For  condensation  a  Liebig's  condenser  may  be  used,  supplied  with  ioe 
water. 

The  degree  of  heat,  and  the  supply  of  alcohol,  must  be  so  adjusted  that 
the  thermometer  may  remain  at  14(P,  or  as  near  that  temperature  as  pos- 
sible, while  the  contents  of  the  flask  are  maintained  in  a  state  of  rapid  and 
violent  ebullition — a  point  of  essential  importance.  Ether  and  water  distil 
over  together,  and  collect  in  the  receiver,  forming  two  distinct  strata :  the 
mixture  slowly  blackens,  from  some  slight  secondary  action  of  the  acid 
upon  the  spirit,  or  upon  the  impurities  in  the  latter,  but  retains,  after 
many  hours*  ebullition,  its  etherifying  powers  unimpaired.  The  acid, 
however,  slowly  volatilizes,  partly  in  the  state  of  oil  of  wine,  and  the  quan- 
tity of  liquid  in  the  flask  is  found,  after  the  lapse  of  a  considerable  inter- 
val, sensibly  diminished.  This  loss  of  acid  constitutes  the  only  limit  to 
to  the  duration  of  the  process,  which  might  otherwise  be  continued  in- 
definitely. 

On  the  large  scale,  the  flask  may  be  replaced  by  a  vessel  of  lead,  the 
tubes  being  also  of  the  same  metal :  the  stem  of  the  thermometer  may  be 
made  to  pass  air-tight  through  the  cover,  and  heat  may  perhaps  be  advan- 
tageously applied  by  high-pressure  steam,  or  hot  oil,  circulating  in  a  spiral 
tube  of  metal  immersed  in  the  mixture  of  acid  and  spirit. 

The  crude  ether  is  to  be  separated  from  the  water  on  which  it  floats,  agi- 
tated with  a  little  solution  of  caustic  potash,  and  redistilled  by  the  heat 
of  warm  water.  The  aqueous  portion,  treated  with  an  alkaline  solution, 
and  distilled,  yields  alcohol  containing  a  little  ether.  Sometimes  the 
spontaneous  separation  before  mentioned  does  not  occur,  from  the  acci- 
dental presence  of  a  larger  quantity  than  usual  of  undecomposcd  alcohol ; 
the  addition  of  a  little  water,  however,  always  suffices  to  determine  it. 

Pure  ethylic  ether  is  a  colorless,  transparent,  fragrant  liquid,  very  thin 
and  mobile.  Its  specific  gravity  at  16.50  C.  (59.90  F.)  is  about  0.720  ;  it 
boils  at  35. GO  C.  (96^  F.)  under  the  pressure  of  the  atmosphere,  and  bears 
without  freezing  the  severest  cold.  When  dropped  on  the  hand  it  occa- 
sions a  sharp  sensation  of  cold,  from  its  rapid  volatilization.  Ether  is  very 
combustible,  and  bums  with  a  white  flame,  generating  water  and  carbon 
dioxide.  Although  the  substance  itself  is  one  of  the  lightest  liquids,  its 
vapor  is  very  heavy,  having  a  density  of  2.586  (referred  to  air).  Mixed 
with  oxygen  gas,  and  fired  by  the  electric  spark,  or  otherwise,  it  explodes 
with  the  utmost  violence.  Preserved  in  an  imperfectly  stopped  vessel, 
ether  absorbs  oxygen,  and  becomes  acid  from  the  production  of  acetic  acid : 
this  attraction  for  oxygen  is  increased  by  elevation  of  temperature.  It  is 
decomposed  by  transmission  through  a  red-hot  tube  into  ethene,  methane, 
aldehyde,  and  acetylene,  and  two  substances  yet  to  be  described. 

Ether  is  miscible  with  alcohol  in  all  proportions,  but  not  with  water ;  it 
dissolves  to  a  small  extent  in  that  liquid,  10  parts  of  water  taking  up 
about  1  part  of  ether.  It  may  be  separated  from  alcohol,  provided  the 
quantity  of  the  latter  is  not  excessive,  by  addition  of  water,  and  in  this 
manner  samples  of  commercial  ether  may  be  conveniently  examined.  Ether 
dissolves  oily  and  fatty  substances  generally,  and  phosphorus  to  a  small 
extent,  also  a  few  saline  compounds  and  some  organic  principles  ;  but  its 
powers  in  this  respect  are  much  more  limited  than  those  of  alcohol  or 
water. 

Anhydrous  ether,  subject  to  the  action  of  chlorine,  yields  the  three  sub- 
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stitution-producta,  C^HgCljO,  C^Ufilfi,  and  C^Clj^jO,  the  first  two  of  which 
are  liquids,  wliile  the  third,  produced  by  the  prolonged  action  of  chlorine 
on  ether  in  sunshine,  is  a  crystalline  solid.  The  second  chlorine  compound 
is  converted  by  hydrogen  sulphide  into  the  two  crystalline  compounds 
C^HeCLSO  and  C^HjSjO. 

Ethyl-methyl  oxide^  Ethyl-methyl  ether^  Ethyl  methylate,  or  Methyl  ethylate, 
CgHgO  SB  CgUgOCUj,  is  produced,  as  already  mentioned,  by  the  action  of 
methyl  iodide  on  potassium  ethylate,  or  of  ethyl  iodide  on  potassium 
methylate.     It  is  a  veiy  inHammable  liquid,  boiling  at  lio  C.  (51. 80  F.)- 

Ethyl  Nitrate,  C^H^NOs,  or  C^HjONOj— .Vt/nc  6M«-.— When  nitric  acid 
is  heated  with  alcohol  alone,  part  of  the  alcohol  is  oxidized,  and  the  nitric 
acid  is  reduced  to  nitrous  acid,  which,  with  the  remainder  of  the  alcohol, 
forms  ethyl  nitrite,  C^HgNO,,  together  with  other  products ;  but  by  adding 
urea  to  the  liquid,  which  decomposes  the  nitrous  acid  as  fast  as  it  is  formed, 
this  action  may  be  prevented,  and  the  alcohol  and  nitric  acid  then  form 
ethyl  nitrate.  The  experiment  is  most  safely  conducted  on  a  small  scale, 
and  the  distillation  must  be  stopped  when  seven-eighths  of  the  whole  have 
passed  over ;  a  little  water  added  to  the  distilled  product  separates  the 
nitric  acid.  Nitric  ether  boils  at  85©  or  80©  C.  (185Cl.186.80  F.),  and 
has  a  density  of  1.112  at  150C.  (590F.)  ;  it  is  insoluble  in  water,  has 
an  agreeable  sweet  taste  and  odor,  and  is  not  decomposed  by  an  aqueous 
solution  of  caustic  potash,  although  that  substance  dissolved  in  alcohol 
attacks  it  even  in  the  cold,  with  production  of  potassium  nitrate.  Its 
vapor  is  apt  to  explode  when  strongly  heated. 

Ethyl  Nitrite,  C^IIsNOj  =  CjHg— 0— -NO.— iVi/roM*  cMfr.— This  com- 
pound, isomeric  with  nitro-ethane,  CjHj — NOj,  can  be  obtained  pure  only 
by  the  direct  action  of  the  acid  itself  upon  alcohol.  One  part  of  starch  and 
10  parts  of  nitric  acid  are  gently  heated  in  a  capacious  retort  or  liask,  and 
the  vapor  of  nitrous  acid  thereby  evolved  is  conducted  into  alcohol  mixed 
with  half  its  weight  of  water,  contained  in  a  two-necked  bottle,  which  is 
to  be  plunged  into  cold  water,  and  connected  with  a  good  condensing  ar- 
rangement. Rise  of  temperature  must  be  carefully  avoided.  The  product 
of  this  operation  is  a  pale-yellow  volatile  liquid,  having  an  exceedingly 
agreeable  odor  of  apples  :  it  boils  at  16.40  C.  (61. 50  F.),  and  has  a  density 
of  0.947  at  150  C.  (590  F.).  It  is  decomposed  by  potash,  without  darken- 
ing, into  potassium  nitrite  and  alcohol. 

'fhe  sweet  spirtttt  of  nitre  of  pharmacy,  prepared  by  distilling  three  pounds 
of  alcohol  with  four  ounces  of  nitric  acid,  is  a  solution  of  nitrous  ether, 
aldehyde,  and  several  other  substances,  in  spirit  of  wine. 

Ethyl  Bnlphates. — ^There  are  two  of  these  ethers,  analogous  to  the 
methyl  sulphates. 

Acid  Ethyl  Sulphate,  Ethylsulphuric  acid,  or  Stdphovinic  acid,  C^HjSO^  = 
CjHs.O.SOaH  =  S0,(0CjH5)(0H)  =  SO,(CA)H,  which  has  the  composition 
of  sulphuric  acid,  SO^H,,  with  half  the  hydrogen  replaced  by  ethyl,  is 
formed  by  the  action  of  sulphuric  acid  upon  alcohol.  To  prepare  it,  strong 
rectified  spirit  of  wine  is  mixed  with  twice  its  weight  of  concentrated  sul- 
phuric acid :  the  mixture  is  heated  to  its  boiling  point,  and  then  left  to 
cool.  When  cold  it  is  diluted  with  a  large  quantity  of  water,  and  neutral- 
ized with  chalk,  whereby  much  calcium  sulphate  is  produced.  The  mass 
is  placed  upon  a  cloth  filter,  drained,  and  pressed  ;  and  the  clear  solution 
is  evaporated  to  a  small  bulk  by  the  heat  of  a  water-bath,  filtered  from  a 
little  sulphate,  and  left  to  crystallize :  the  product  is  adcium  ethylsidphate. 
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in  beaatiful,  colorless,  transparent  crjrstals,  containing  Ca(C|H^),(SO^),. 
2H2O.  Thej  dissolTo  in  an  equal  weight  of  cold  water,  and  effloresce  iu  a 
dry  atmosphere. 

Barium  Ethylsulphaiej  ^ii{Qfi^^O^,2VL20y  equally  soluble,  and  still  more 
beautiful,  may  be  produced  by  substituting,  in  the  above  process,  barium 
carbonate  for  chalk.  From  this  salt  the  acid  may  be  procured  by  exactly 
precipitating  the  base  with  dilute  sulphuric  acid,  and  evaporating  the 
filtered  solution  in  a  vacuum  at  the  temperature  of  the  air.  It  forms  a 
sour,  syrupy  liquid,  in  which  sulphuric  acid  cannot  be  recognized  by  the 
ordinary  reageuts,  and  is  very  easily  decomposed  by  heat,  and  even  by 
long  exposure  in  the  vacuum  of  the  air-pump.  All  the  ethylsulphates  are 
soluble  ;  the  solutions  are  decomposed  by  boiling.  The  letud-salt  resembles 
the  barium-compound.  The  potassium  salty  K(C2H5)S04— easily  made  by 
decomposing  calcium  ethylsulphate  with  potassium  carbonate — ^is  anhy- 
drous, permanent  in  the  air,  very  soluble,  and  crystallizes  well. 

Potassium  ethylsulphate  distilled  with  strong  sulphuric  acid,  yields 
ethyl  oxide  with  dilute  sulphuric  acid,  alcohol ;  and  with  strong  acetic 
acid,  ethyl  acetate. 

Isethionic  acidy  isomeric  with  ethylsulphurio  acid,  will  be  described 
amongst  ethenic  ethers. 

Neutral  Ethyl  sulphate  (CjHj)^©^,  or  SOjCOCjHj),,  is  formed  by  passing 
the  vapor  of  sulphuric  oxide  into  perfectly  anhydrous  ether.  A  syrupy 
liquid  is  produced,  which,  when  shaken  with  4  volumes  of  water  and  1 
volume  of  ether,  separates  into  two  layers,  the  lower  containing  ethylsul- 
phurio acid  and  various  other  compounds,  while  the  upper  layer  consists 
of  an  ethereal  solution  of  neutral  ethyl  sulphate.  At  a  gentle  heat  the 
ether  is  volatilized,  and  the  ethyl  sulphate  remains  as  a  colorless  liquid. 
It  cannot  be  distilled  without  decomposition. 

Ethyl  Sulphites. — The  symmetric  neutral  sulphite^  SO'«^^'tA  is  formed 

by  the  action  of  thionyl  chloride,  SOCl,,  or  of  sulphur  dichloride,  S,C1,,  on 
absolute  alcohol  :— 

SOClj  +  2(C,H5.0H)  =  2HC1  +  SO(OC,Hg), 

SjCl,  +  3(CjHj.0H)  =  CjHj.SH  -f  2HC1  +  SOCOCjHj),. 

The  mercaptan,  likewise  formed  in  the  last  reaction,  suffers  further 
decomposition. 

Ethyl  sulphite  is  a  limpid,  strong-smelling  liquid,  having  a  specific 
gravity  of  1.085  at  OO,  boiling  at  IGIO  C.  (321.80  F.),  decomposed  by  water 
into  alcohol  and  sulphurous  acid.     With  phosphorus  penta^hloride  it  forms 

the  chloride,  SO ^^, '^^  (isomeric  with  ethylsulphonic  chloride),  which 

boils  at  1220  C.  (251. 60  F.),  and  is  decomposed  by  water  into  alooh(d 
hydrochloric  acid  and  sulphurous  acid. 

When  ethyl  sulphite  is  mixed  with  an  equivalent  quantity  of  potassium 
hydroxide  in  dilute  solution,  crystalline  scales  are  formed,  consisting  of 

the  salt,  SO<^J^  *   *  ,  which  may  be  regarded  as  the  potassium-salt  of 

ethylsulphurous  acid,  Isomeric  with  ethylsulphonic  acid.  The  aqueous 
solution  of  this  salt  easily  splits  up  into  potassium  sulphite  and  ethyl 
alcohol. 

Ethylsulphonic  acidy  C^Hj.SOg.OH,  formed  by  the  action  of  ethyl 
iodide  on  potassium  or  sodium  sulpliite  (p.  554),  is  a  thick  crystal  Usable 
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liquid,  which  is  oxidized  by  nitric  acid  to  ethylsulphnric  acid,  SO^CCjHj)!!. 
Its  lead-saltf  (CgH^.SOg),?^),  crystallizes  in  easily  soluble  laminae.  The 
ethylic  ether^  C^IIg.SOs.OOfUj,  likewise  obtained  by  heating  silver  sulphite 
with  ethyl  iodide,  is  a  liquid  having  a  specific  gravity  of  1.17  at  (P,  and 
boiling  at  208©  C.  (406.4^  F.). 

The  chloride,  CaHj.SO.Cl,  is  a  liquid  boUing  at  1730  C.  (343.40  p.). 

ChloreUiylsulphonic  acid,  CjH^Cl.SOj.OH,  is  produced  by  the  action  of  phos- 
phorus pentachloride  on  isethionic  acid,  CjH^ (Oil). SO,U. 

Ethylanlphinio  Aoid,  CaHg.SO.OH.— The  zinc  salt,  (C2H5.S02)jZn, 
formed  by  the  action  of  sulphur  dioxide  on  zinc  ethide  (p.  555),  crystal- 
lizes in  shining  laminse.  By  oxidation  with  nitric  acid,  the  acid  is  con- 
Terted  into  ethyls ulphonic  acid. 

Ethyl  Phosphates. — Three  ethyl  orthophosphates  have  been  obtained, 
two  acid  and  one  neutral,  analogous  in  composition  to  the  sodium  phos- 
phates ;  also  a  neutral  pyrophosphate. 

Monethylic  Phosphate,  OTEthylphosphoricacid,{C^^n)M^O^,  or  (PO)'"(OC2H5) 
(Oil),,  also  called  Phosphovinic  cund. — ^This  acid  is  bi basic.  Its  barium  salt  is 
prepared  by  heating  to  820  C.  (179.60  F.)  a  mixture  of  equal  weights  of 
strong  alcohol  and  syrupy  phosphoric  acid,  diluting  this  mixture,  after  a 
lapse  of  24  hours,  with  water,  and  neutralizing  with  barium  carbonate.  The 
solution  of  ethylphosphate,  separated  by  filtration  from  the  insoluble  phos- 
phate, is  evaporated  at  a  moderate  temperature.  The  salt  crystallizes  in 
brilliant  hexagonal  plates,  which  have  a  pearly  lustre,  and  are  more 
soluble  in  cold  than  in  hot  water  ;  it  dissolves  in  15  parts  of  water  at  2(P  C. 
(680  F.).  The  crystals  contain  (C2ll5)BaP04.6H,0.  From  this  salt  the 
acid  may  be  obtained  by  precipitating  the  barium  with  dilute  sulphuric 
acid,  and  evaporating  the  filtered  liquid  in  the  vacuum  of  the  air-pump  :  it 
forms  a  colorless,  syrupy  liquid,  of  intensely  sour  taste,  sometimes  exhibit- 
ing appearances  of  crystallization.  It  is  very  soluble  in  water,  alcohol, 
and  ether,  and  easily  decomposed  by  heat  when  in  a  concentrated  state. 
The  ethylphosphates  of  calcium,  silver,  and  lead  are  but  sliglitly  soluble  ; 
those  of  the  alkali-metals,  magnesium,  and  strontium,  are  freely  soluble. 

Diethylic  Phosphate,  or  Diethylphosphoric  acid,  (CjHj)j,HPO^,  or  (PO)''' 
(0C,H5)j(0H),  is  a  monobasic  acid,  obtained,  together  with  the  preceding, 
by  the  action  of  syrupy  phosphoric  acid  upon  alcohol.  Its  barium,  silver, 
and  lead  salts  are  more  soluble  than  the  methyl  phosphates.  The  calcium 
salt  (CjHJ^CaCPO^),,  and  the  lead  salt,  (C2H5)4Pb(POJ^  are  anhydrous. 

Triethylic  Phosphate,  (Q^W^^VO^,  or  (P0)"'(0CjH5)s,  is  obtained  in  small 
quantity  by  heating  the  lead  salt  of  diethylphosphoric  acid  to  10(P ;  more 
easily  by  the  action  of  ethyl  iodide  on  triargentic  phosphate,  or  of  phos- 
phorus oxychloride  on  sodium  ethylate : — 

SCjHjONa  -f  (PO)Cl,  ==  3Naa  +  (PO)(OC2n5)3. 

It  is  a  limpid  liquid  of  specific  gravity  1.072  at  12©  C.  (53.60  F.),  boiling 
at  2150  C.  (4190  F.),  soluble  in  alcohol  and  ether,  and  also  in  water,  by 
which,  however,  it  is  slowly  decomposed. 

Teirethylic  Pyrophosphate,  (CjHs)^?,©,,  produced  by  the  action  of  ethyl 
iodide  on  argentic  pyrophosphate,  is  a  viscid  liquid  of  specific  gravity 
1.172  at  170  C.  (62.60  F.),  decomposed  by  potash,  with  formation  of  potas- 
sium diethyl-phosphate. 

Ethyl  PhosphlteB. — Symmetrical  Triethyl  TViosphite,  V(O.CjB^^)i,  formed 
by  the  action  of  phosphorus  trichloride  on  ethyl  alcohol,  boils  at  191°. 

Ethylphosphonic  acid,  (CaHft)rO(OH)2,  formed  by  oxidation  of  primary 
ethyli>hosphine  with  nitric  acid,  is  a  solid  body  melting  at  44P  C.  (111.20 
F.)  (p.  555). 
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Ethyl  Borates. — Triethylic  Borate,  (JCfi^fiO^,  is  formed  bj  the  action 
of  boron  tricbloride  on  alcohol : — 

SCjHjCOH)  +  BCl,  =  3HC1  +  (C,H5),B0, ; 

also,  together  with  monethjlic  borate,  by  heating  boric  oxide  with  abso- 
lute alcohol. 

It  is  a  thin  limpid  liquid,  of  agreeable  odor,  specific  gravitj  0.8S5, 
boiling  at  1190  C.  (246.20  F.),  decomposed  bj  water.  Its  alcoholic  solu 
tion  burns  with  a  green  flame,  throwing  off  a  thick  smoke  of  boric  acid. 
Treated  witli  zinc-ethyl,  it  yields  borethyl,  B(C,Hj),  a  colorless, 
mobile,  pungent,  spontaneously  inflammable  liquid,  having  a  specifio 
gravity  of  0.696,  and  boiling  at  950  C.  (203O  p.). 

Monethylic  BoreUe,  C^HjEO,,  is  a  dense  inodorous  liquid,  having  at  120O 
the  consistence  of  oil  of  vitriol.  It  cannot  be  distilled  without  decompo- 
sition, being  resolved  at  high  temperatures  into  triethylic  borate  luid 
monethylic  triborate,  C^IIjBjOj,  or  CjH^BOj.BjOj : 

4(C,H^B0,  =  (C,H5),B0,  +  (C,H,)BA. 

The  latter  remains  as  a  mass  resembling  gnm-arabic  :  it  attracts  moisture 
from  the  air,  and  becomes  covered  with  a  crust  of  boric  acid. 

Ethyl  SiUcates.— 7V/rrtAy/ic  Silicate,  (C,Hj)^SiO^,  or  Si(0C,H5)4,  *« 
produced  by  treating  silicic  chloride  with  a  small  quantity  of  anhydrous 
alcohol : 

ACfifiR  +  SiCl^  =  4HC1  -|-  SiCOCjHs)^. 

It  is  a  colorless  liquid,  having  a  rather  pleasant  ethereal  odor,  and  strong 
p«pj)ery  taste  ;  specific  gravity  0.933  at  2UO  C.  (G80  F.).  It  boils  without 
decomposition  between  1650  and  166©  C.  (3290  and  330.80  F.),  and  when 
Bet  on  flre  burns  with  a  dazzling  flame,  diffusing  a  white  smoke  of  finely 
divided  silica.  It  is  decomposed  slowly  by  water,  quickly  by  ammonia 
and  the  fixed  alkalies. 

Silicic  ethers  containing  ethyl  and  methyl,  and  ethyl  and  amyl,  have 
likewise  been  obtained. 


Ethylic   Thio-alcohol  and  Ethers* 

Ethyl   Hydroanlphlde,  EthyUo  Thio-alcohol,  or   Meroaptan, 

CjHjSll.— This  compound,  the  sulphur  analogue  of  ethyl  alcohol,  is  pro- 
duced, analogously  to  methyl  hydrosulphide  (p.  562),  by  the  action  of 
potassium  hydrosulphide  on  calcium  ethylsulphate.  A  solution  of  caustic 
potash  of  specific  gravity  1.28  or  1.3,  is  saturated  with  sulphuretted  hy- 
drogen, and  mixed  in  a  retort  with  an  equal  volume  of  solution  of  calcium 
ethylsulphate  of  the  same  density.  The  retort  is  connected  with  a  good 
condenser,  and  heat  is  applied  by  means  of  a  bath  of  salt  and  water. 
Mercaptan  and  water  distil  over  together,  and  are  easily  separated  by  a 
tap-funnel.  The  product  thus  obtained  is  a  colorless,  limpid  liquid,  of 
specific  gravity  0.8325  at  210  C.  (69.80  F.),  slightly  soluble  in  water, 
easily  miscible  with  alcohol.  It  boils  at  36©  C.  (96.80  F.).  The  vapor  of 
mercaptan  has  a  most  intolerable  odor  of  onions,  which  adheres  to  the 
clothes  and  person  with  great  obstinacy  :  it  is  very  inflammable,  and  burns 
with  a  blue  flame. 

When  mercaptan  is  brought  in  contact  with  mercuric  oxide,  even  in  the 
oold,  violent  reaction  ensues,  water  is  formed,  and  a  white  substance  is 
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produced,  soluble  in  alcohol,  and  separating  from  that  liquid  in  distinct 
crystals  which  contain  Hg(SCjH5),.  This  compound  is  decomposed  by 
sulphuretted  hydrogen,  mercuric  sulphide  being  thrown  down,  and  mer- 
captan  reproduced.  By  adding  solutions  of  lead,  copper,  silver,  and  gold 
to  an  alcoholic  solution  of  mercaptan,  corresponding  compounds  contain- 
ing those  metals  are  formed.  Caustic  potash  produces  no  effect  upon  mer- 
captan, but  potassium  displaces  hydrogen,  and  gives  rise  to  a  crystal- 
lizable  compound,  CjU^SK,  soluble  in  water.  Sodium  acts  in  a  similar 
manner. 

Ethyl  Sulphides. — ^Three  of  these  compounds  have  been  obtained, 
analogous  in  composition  to  the  methyl  sulphides,  and  produced  by  similar 
reactions.  The  monosxdphide,  (S^%^h)^i  or  CjHsSCjHj,  is  a  colorless  oily 
liquid,  having  a  very  pungent  alliaceous  odor,  a  specific  gravity  of  0.826 
at  20O  C.  (680  F.),  and  boiling  at  91<^  C.  (195.80  F.).  It  is  very  inflamma- 
ble, and  burns  with  a  blue  flame.  When  poured  into  chlorine  gas,  it 
takes  fire  ;  but  when  dry  chlorine  is  passed  into  a  flask  containing  it,  not 
at  first  into  the  liquid,  the  vessel  Ixjing  kept  cool  and  in  the  shade,  sub- 
stitution-products are  formed  and  hydrochloric  acid  is  copiously  evolved. 
The  product  consists  chiefly  of  dichloret hylic  sulphide,  (CgH4Cl)2S. 
If  the  action  takes  place  in  diffused  daylight,  and  without  external  cool- 
ing, the  compounds  (C^HjC  13)28  and  (€211014)28  are  obtained,  which  may 
be  separated  by  fractional  distillation,  the  first  Iwiling  between  189C>  and 
1920C.  (372.2-377.60  F.),  the  second  between  21 70  and  222©  C.  (422.6- 
431. 60  F.).  The  action  of  chlorine  on  ethyl  sulphide  in  sunshine  yields 
a  more  highly  chlorinated  compound,  probably  (C2Cl5),S. 

Ethyl  bisulphide,  (S^'i}^i)'^2y  obtained  by  distilling  potassium  bisulphide 
with  potassium  ethylsulphate  or  with  ethyl  oxalate,  is  a  colorless  oily 
liquid,  very  inflammable,  Iwiling  at  1510  C.  (303.8O  F.).  The  trisulphide, 
(CgU^),^,,  is  a  heavy  oily  liquid,  obtained  by  acting  in  like  manner  on 
potassium  pentasulphide. 

TriethylsalphiiTOiis  Compounds. — ^Wlien  ethyl  monosulphide  and 
ethyl  iodide  are  heated  together,  they  unite  and  form  sulphurous 
iodotriethide,  (02115)8.02115!,  or  8*^(02115)3!,  which  crystallizes  in 
needles.  The  same  compound  is  formed  by  the  action  of  ethyl  iodide  on 
ethyl  hydros ulphide : 

2C3HJ  +  C2H5SH  =  HI  +  S(C,H,)3l, 

or  of  hydrogen  iodide  on  ethyl  monosulphide  : 

HI  +  2(C,H5)2S  =  CjlI^SH  -f  S(CsH5),I. 

Sulphurous  iodotriethide  is  insoluble  in  ether,  slightly  soluble  in  alcohol, 
and  crystallizes  from  the  solution  in  white  deliquescent  needles  belonging 
to  the  monoclinic  system.     It  unites  with  metallic  chlorides. 

Ethyl  chloride  and  ethyl  bromide  unite  in  like  manner,  but  less  readily, 
with  ethyl  sulphide,  forming  the  compounds  8(03H5)301  and  8(0^!l5)3Br, 
both  of  which  crystallize  in  needles. 

By  treating  the  iodine-compound  with  recently  precipitated  silver  oxide, 
a  strongly  alkaline  solution  is  obtained,  which  dries  up  over  oil  of  vitriol 
to  a  crystalline  deliquescent  mass,  consisting  of  sulphuroustriethyl- 
hydroxylate,  (02H5)3S(OH).  The  solution  of  this  substance  dissolves 
the  skin  like  caustic  potash,  and  forms  similar  precipitates  with  various 
metallic  salts.  It  neutraliises  acids,  forming  definite  cry  stall  izable  salts, 
e.g.,  the  nitrate,  (C2H^3S(ON02),  the  acetate,  (CJl5)3S(O0jH3O),  etc. 

The  function  of  the  sulphur  in  these  compounds  is  analogous  to  that  of 
4U 
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nitrogen  in  the  ammonium-compoands.  Nitrogen  (quinquivalent)  forms, 
with  4  atoms  of  hydrogen  or  of  an  alcohol-radicle,  univalent  radiules, 
NH4,  NCCjHg)^,  etc.,  which  combine,  like  the  alkali-metals,  with  chlorine, 
iodine,  hydroxyl,  etc. ;  and  in  like  manner  Buli)hur  (quadrivalent)  forma 
with  3  atoms  of  methyl,  ethyl,  etc.,  univalent  radicles  like  S(C,Hj)g  (tri- 
ethylsulphine),  which  also  combine  with  chlorine,  hydroxy  1,  etc.,  forming 
the  sulphonium  compounds  8'^(C2H5)3C1,  S'*(C,H5)80H,  etc.,  the 
hydroxides  being  strong  alkaline  bases,  like  tetrethylammonium  hydroxide 
(seep.  480;  also  Amines). 

Similar  compounds,  containing  sexvalent  sulphur,  are  obtained  by  com- 
bining ethyl  sulphide  and  ethene  sulphide,  S(C2H4),  withetheue-dibromide ; 
thus: — 

S(C,HJ    +    C.H,Br,  =     ^>S^^|^« 

Diethene-Bulphonium 
cUbromide. 

S(C,H.),   +    C,H,Br,  +     ^J>S=C^hJ 

"'^    \C,H. 

Ethene-diethyl-sulphonium 

dibromide. 

Analogous  compounds  are  also  formed  by  selenium,  e.  ^.,  Trimethy-seU' 
nonium  iodide^  Se(CU,)3L 

Ethyl  TeUnride,  TeUorio  Ethide  or  TeUurethyl,  Te(C3H5),.^Thi8 
compound  is  obtained  by  distilling  potassium  telluride  with  potassi'im 
ethyls  ulphate : — 

TeK,    +     2K(C2n5)SO^    =    2X^80^    +     Te(G,H5)g. 

It  is  a  heavy,  oily,  yellowish-rod  liquid,  very  inflammable,  and  having  a 
most  intolerable  odor.  It  acts  as  a  bivalent  radicle,  uniting  with  chlorine, 
bromine,  oxygen,  etc.,  to  form  compounds  in  which  the  tellurium  enters 
as  a  tetrad,  e.g.,  Te(C2H5)2Cl„  Teiju^^^^^^^  etc.  The  nitrate  is  obtained  by 
treating  tellurethyl  with  nitric  acid ;  the  other  salts  by  double  decomposi- 
tion ;  the  chloride,  for  example,  settles  down  as  a  heavy  oil,  on  adding  hy- 
drochloric acid  to  a  solution  of  the  nitrate.  The  oxide  is  best  prepared  by 
treating  the  chloride  with  water  and  silver  oxide ;  it  dissolves  in  water, 
forming  a  slightly  alkaline  liquid. 

Selenic  Ethide,  or  Selenethyl,  Se(C,Hg)2,  prepared  like  tellurethyl, 
is  also  a  fetid  liquid,  exactly  resembling  the  tellurium  compound  in  its 
chemical  relations. 
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It  has  already  been  observed  that  the  three-carbon  alcohol,  CjHgO,  is 
susceptible  of  two  isomeric  modifications ;  namely : — 

ylis  ^113  -  CH 


CH,        or     C^H,  HCOH    or     C^„ 

I  (oh  I  (^T 

CH„OH  CIIs  ^^ 

Normal  propyl  aloohol.  Pseudopropyl  alcohol. 

each  of  which  may  give  rise  to  a  corresxM}nding  sot  of  ethers. 


CH, 

H 

OH 
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Normal  Propyl  Alcohol  was  discovered  by  Chancel  in  1853,  in  the 
fusel  oil  of  the  residues  left  iu  the  distillation  of  brandy  from  wine.  It 
maj  be  obtained  synthetically  from  ethyl  alcohol  by  the  following  series 
of  processes: — 

1.  Ethyl  cyanide,  CsHjN,  or  CHjCHj.CN  (prepared  by  distilling  a  mix- 
ture of  potassium  cyanide  and  potassium  ethylsulphate,  p.  527),  is  converted 
into  propionic  acid,  CH^CHj.COOH,  by  boiling  with  strong  caustic  potash. 

2.  A  mixture  of  the  calcium  salts  of  propionic  and  formic  acids  is  sub- 
jected to  dry  distillation,  whereby  propionic  aldehyde  is  obtained : — 

CHgCHj.COOCa'    +    H.COOCa'*    =    CajCO,    +     CILCH,.COH. 
Oaicium  propionate.  Calcium  Oafclum  Propionlo 

.  formate.  carbonate.  aldehyde. 

3.  The  propionic  aldehyde,  treated  with  water  and  sodium  amalgam, 
takes  up  2  atoms  of  hydrogen,  and  is  converted  into  normal  propyl  alco- 
hol :— 

CHjCHj.COH    -f    H,    =    CHjCHj.CHjOH. 

The  series  of  processes  just  described  affords  a  general  method  of  build- 
ing up  the  normal  primary  alcohols  of  the  fatty  group,  one  from  the  other. 
It  has  not,  however,  been  actually  carried  out  higher  than  the  six-carbon 
or  hexyl  alcohol. 

Another  method  of  passing  from  ethyl-alcohol  to  propyl  alcohol — also 
geueralUy  applicable  as  a  method  of  synthesis  of  primary  alcohols — is  to 
convert  ethyl  cyanide  or  propionitril  into  propylamine  by  the  action  of 
nascent  hydrogen  (water  and  sodium  amalgam)  and  the  propylamine,  by 
the  action  of  nitrous  acid,  into  propyl  nitrite,  which  may  then  be  converted 
into  the  alcohol  by  distillation  with  an  alkali : — 

CHa.CHj.CN   +     2H,    s=    CH3.CH2.CH^.NH, 
Ethyl  cyanide.  Fropylamine. 

CsHj.NH,    +     2N0,H    =    2H,0    +    N,    +     CsH^NO, 
PropylamlQe.  Propyl  nitrite. 

Normal  propyl  alcohol  is  an  oily  liquid,  boiling  at  96©  C.  (204.8O  F.), 
and  having  a  specific  gravity  of  0.8205  at  OO.  By  oxidization  with  a  mixture 
of  sulphuric  acid  and  potassium  dichromate,  it  is  converted  into  propionic 
aoid. 

Normal  propyl  chloride,  C.HtCI,  boils  at  46.50  C.  (115.7©  F.);  the  bromide 
at  70OU71O  c.  (1580-159.80  F.) ;  the  ioduie  at  102©  C.  (215.6^  F.) ;  the 
oxide,  (C,Ht),0,  at  850-8GO  C.  (1850-186.80  F.). 

Psendopropyl  Alcohol,  or  Secondary  Propyl  Alcohol, 

CH(CH,),0H.— This  alcohol  is  prepared  : 

1.  From  acetone,  (CO)(CH3)2,  by  direct  addition  of  hydrogen,  evolved 
by  the  action  of  water  on  sodium  amalgam : 

H,C  CH,  H,C  CH, 

V  +       H,       -  V        • 

CO  HCHO 

This  mode  of  synthesis  affords  direct  proof  of  the  constitution  of  pseu- 
dopropylic  alcohol,  the  addition  of  the  two  hydrogen-atoms  being  tanta- 
mount to  the  replacement  of  the  bivalent  radicle  oxygen  by  the  two  monad 
radicles,  hydrogen  and  hydroxyl. 

•  For  the  sake  of  gimpliclty,  the  equivalent  (20)  of  calcium  U  ueed  in  this  equa- 
tion, instead  of  the  atomic  weight. 
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2.  Pseudopropyl  iodide  is  prepared  by  the  action  of  iodine  and  phos- 
phorus on  glyoirin;  this  iodide  is  easily  converted  into  the  oxalate  or 
acetate  by  treatment  with  silver  oxalate  or  acetate ;  and  from  either  cf 
these  ethers  the  alcohol  may  be  obtained  by  distillation  with  potash  or 
soda. 

Pdeudopropyl  alcohol  is  a  colorless,  not  very  mobile  liquid,  having  a 
peculiar  odor,  a  specific  gravity  of  0.791  at  15©  C.  (590  F.),  boiling  at  83^ 
to  840  C.  (181.4-183.20  F.)  under  a  barometric  pressure  of  739  millimetres, 
not  freezing  at  — ^200  C.  (40  F.).  It  does  not  act  on  polarized  light.  It  is 
very  difficult  to  dry,  as  it  mixes  with  water  in  all  proportions,  and  forms 
with  it  three  definite  and  very  stable  hydrates,  viz.,  3C3Ug0.2H20,  boiling 
at  78Q-80O  c.  (172.40-i7GO  F.)  ;  2C8ll80.1I.p,  boiling  at  80O  C.  (17GO  F.); 
and  SCsHgO.HjO,  boiling  at  81©  C.  (177.80  F.).  The  second  of  these  hy- 
drates exhibits  a  very  close  resemblance  to  ethyl  alcohol,  has  the  same 
perc'entage  composition,  boils  at  nearly  the  same  temperature,  and  likewise 
yields  acetic  acid  by  oxidation  (see  below)  ;  moreover  it  retains  its  water 
of  hydration  so  obstinately,  that  it  does  not  even  change  the  w^hite  color  of 
anhydrous  cuprio  sulphate  to  blue.  The  readiest  mode  of  distinguishing 
between  this  hydrate  and  ethyl  alcohol  is  to  submit  them  to  the  action 
of  iodine  and  phosphorus,  whereby  the  former  is  converted  into  pseudo- 
propyl  iodide,  the  latter  into  ethyl  iodide. 

The  characteristic  property  of  pseudopropyl  alcohol  is  that  it  yields 
acetone  by  oxidation  with  dilute  chromic  acid,  this  transformation  being 
the  reverse  of  that  by  which  it  is  produced  : 

H3C  CH,  H,C  CH3 

V  +        O        =  V  +        H^O. 

HCOH  CO 

On  pushing  the  oxidation  further,  the  acetone  breaks  up  into  acetic  acid, 
carbon  dioxide,  and  water : 

CO(CH,)j    +     O4    =    CO(CH,)OH    +     CO,    +    H,0. 
Acetone.  Acetio  acid. 

The  evolution  of  carbon  dioxide  in  this  reaction  affords  a  further  distino- 
tion  between  hydrated  pseudopropyl  alcohol  and  ethyl  alcohol. 

The  formation  of  a  ketone  by  oxidation  is,  as  already  observed,  the  es- 
sential characteristic  of  a  secondary  alcohol,  and  is  an  immediate  conse- 
quence of  its  structure  (p.  558). 

Pseudopropyl  alcohol,  heated  with  acetic  acid,  or  with  potassium  acetate 
and  sulphuric  acid,  is  converted  into  pseudopropyl  acetate^  CH(CUj),0C,H,0. 

Pseudopropyl  Iodide,  CIKCHg)^,  is  most  conveniently  prepared  by  the 
action  of  hydriodic  acid,  concentrated  and  in  large  excess,  on  glycerin 
(propenyl  alcohol)  CjHgOj : 

CjH^jO,    +     6UI    ==    C,H,I    -f     sup    +    21,, 

The  iodine,  as  fast  as  it  is  spt  free  by  the  reaction,  may  be  reoonvertM  into 
hydriodic  acid  by  means  of  phosphorus,  and  will  then  be  ready  to  act  upon 
another  portion  of  glycerin.  The  iodide  may  also  be  produced  by  the 
action  of  hydriodic  acid  on  pseudopropyl  alcohol,  allyl  iodide,  C1H5I,  pro- 
pene,  or  propene  alcohol. 

PHeudopropyl  iodide  is  an  oil  boiling  at  80O-90O  C.  (17(A-1940  F.),  and 
having  a  specific  gravity  of  1.70.  With  sodium  in  presence  of  ether  it 
yields  propene,  propane,  and  di-isopropyl,  CgH,^  (p.  500).  Bromine  expels 
the  iodine,  and  forms  pseudopropyl  bromide. 

By  treatment  with  zinc  and  hydrochloric  acid,  which  evolves  hydrogen, 
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psendopropjl  iodide  ia  converted  into  propane  :  CjII^I  +  H,  =  HI  +  CjHg; 
the  propane,  exposed  to  the  action  of  cliloriue  in  diffused  daylight,  is 
partly  converted  into  normal  propyl  chloride  ;  this  compound,  heated  with 
potassium  acetate  and  strong  acetic  acid,  yields  normal  propyl  acetate ; 
and  the  latter,  heated  with  potash-lye  in  sealed  tubes,  yields  normal 
propyl  alcohol.  This  series  of  reactions  affords  a  general  method  of 
converting  a  secondary  alcohol  into  the  corresponding  normal  primary 
alcohol. 


TBTBTL  OB  BUTTL  ALCOHOLS  AND  ETHERS. 

Theory  indicates  the  existence  of  four  alcohols  included  in  the  formula 
C4H10O,  two  primary,  one  secondary,  and  one  tertiary ;  thus. 


Primary. 


CH, 

CH, 

I 

HjCOH 

Propyl 

carbiaol. 


HjC     CH, 

\/ 
CH 


HjCOH 


Secondary. 
CH, 

CH, 

I 
HCOH 


Isopropyl 
oart 


>propyl 
rbiool. 


CH, 


Metbyl-ethyi 
carblnol. 


Tertiary. 
H,C     CH, 

COH 

CH, 


Trimethyl 
oarbinol. 


(  CH,cn,cn, 

Propyl  Carblnol,  or  Normal  Butyl  Alcohol,  C  {  H«  . — ^This 

(oh 

alcohol  is  obtained  from  butyl  chloride,  C4HQCI  (produced  by  the  action  of 
chlorine  on  butane  or  diethyl,  C^Ujo),  by  heating  that  chloride  with  potas- 
sium acetate  and  strong  acetic  acid,  whereby  it  is  converted  into  butyl  ace- 
tate, and  treating  that  compound  with  barium  hydrate.  It  may  also  be 
prepared  from  normal  propyl  alcohol,  in  the  same  manner  as  the  latter  is 
obtained  from  ethyl  alcohol,  viz.,  by  successive  conversion  into  propyl 
cyanide  or  butyronitril,  C4H,N  or  CH^CH,CU,.CN,  normal  butyric  acid, 
CH,CH,CH,.COOH,  butyric  aldehyde,  CHjCH,CHs.COH  (prepared  by  heat- 
ing a  mixture  of  the  calcium  salts  of  butyric  and  formic  acids),  and  finally 
into  the  alcohol,  CH,CH3CH,.CH,0H,  by  the  action  of  nascent  hydrogen  on 
the  aldehyde ;  or,  lastly,  by  converting  the  butyronitril  into  butylamine, 
C4Hj,N,  the  latter  into  butyl  nitrite  by  the  action  of  nitrous  acid,  and  dis- 
tilling the  nitrite  with  an  alkali. 

Normal  butyl  alcohol  boils  at  1150  C.  (2390  F.),  smells  like  isobutyl 
alcohol,  is  much  lighter  than  water,  slightly  soluble  therein  ;  with  iodine 
and  phosphorus  it  yields  normal  butyl  iodide,  boiling  at  1270  C.  (260.60 
F.).  Oxidation  with  dilute  ohromio  acid  converts  it  into  normal  butyric 
acid  CH,CH,CH,.COOH. 

(CH(CH,), 
Isopropyl  Carblnol,  or  Isobntyl  Alcohol,  C  {  H,  . — ^This  va- 

(OH 
riety  of  primary  butyl-alcohol  was  found  by  Wurtz  in  the  fusel-oil  obtained 
by  fermenting  the  molasses  of  beet-root  sugar.  To  separate  it,  this  oil  is 
submitted  to  fractional  distillation,  and  the  liquid  boiling  between  108O  C. 
(226.40  F.)  and  II60  C.  (244.40  F.)  is  repeatedly  rectified  over  potassium 
hydroxide,  till  it  boils  constantly  at  llOO  c.  (230©  F.). 

Pure  isobutyl  alcohol  is  a  colorless  liquid,  having  an  odor  somewhat  like 

49* 


582     FATTT  qboup:  alcohols  and  ethers* 

that  of  amyl  alcohol,  but  less  pungent,  and  more  vinous :  specific  gravity 

8  0.8032  at  I8.50  C.  (G5.30  F.)-     It  dissolves  in  10^  times  its  weight  of 

water,  and  is  separated  therefrom,  as  an  oil,  by  calcium  chloride,  sodium 

chloride,  and  other  soluble  salts.     By  oxidation  it  is  converted  into  isobn- 

tyric  acid,  CH(CHs),.C0OH. 

Isobutyl  alcohol  is  acted  upon  by  acids  and  other  chemical  reagents 

much  in  the  same  manner  as  common  alcohol.     With  strong  ndpkuric  add 

it  yields   isobuty  l-sulphurio   acid,  (C4H.)HS04,  if  the  mixture  is 

H  V 
kept  cool,  but  on  heating  the  liquid,  isobutene,  yir^  CTICH,,  is  given  off 

mixed  with  sulphurous  oxide  and  carbon  dioxide.  Heated  with  hydrochlcric 
acid  in  a  sealed  tube,  or  treated  with  phosphorus  penlachloride  or  oryddoride^ 
it  is  converted  into  isobutyl  chloride  or  chloro-isobutane, 
(CH,),CH — CHfCl,  an  ethereal  liquid,  having  a  pungent  odor,  and  boiling 
at  7iP  C.  (1580  P.)-  Isobutyl  bromide,  C4H9Br,  obtained  in  like 
manner,  boils  at  890  0.(192.20  F.),  the  iodide,  C\H,I,  at  1210 C.  (249.80 
F.).     The  iodide  is  decomposed  by  potassium  or  sodium,  yielding  iso-oc- 

(CH,),CH— CH„ 
t  a  n e  or  i s  o-d i b  u ty  1,  |        a  limpid    liquid,   lighter    than 

(CH,),CH--CII„ 
water,  and  boiling  at  105O  G.  (221o  F.).    The  same  hydrocarbon  is  ob- 
tained by  the  electrolysis  of  ordinary  valoric  acid,  C.H|oO,. 

(  CH, 

f  C  H 
Methyl-ethyl  Carbinol,  or  Secondary  Butyl  Alcohol,  <^  "(  q    '• — 

(  OH 

This  alcohol  is  obtained  from  erythrite,  a  saccharine  substance  having  the 
composition  of  a  tetratomic  alcohol,  C^HjqO^,  or  C^HjCOH)..  The  erythrite, 
distilled  with  fuming  hydriodic  acid,  yields  methyl-ethyl-iodomethane,  or 
secondary  butyl  iodide,  C(CH,)(C2H5)HI,  and  this  liquid,  treated  with 
moist  silver  oxide  is  converted  into  methyl-ethyl  carbinol : 

C(CH,)(C,Hj)HI  +  AgOH  =  Agl  +  C(CH,)(C,Hj)HOH. 

Methyl-ethyl  carbinol  is  a  colorless  oily  liquid,  having  a  strong  odor  and 
burning  taste,  a  specific  gravity  of  0.85  at  OO,  and  lioiling  at  95Q-980  C. 
(203Q-208.4O  F.)  (about  2(P  C.  (3GO  F.)  lower  than  the  normal  primary 
alcohol).  When  heated  at  250O  C.  (4820  F.),  it  is  for  the  most  part  r«H 
solved  into  water  and  butene :  Ofl^fi  =»  HjO  -+-  C,Hg. 

Methyl-fUhyl-iodomethane.,  or  Secondary  Butyl  iodide,  prepared  as  above,  or 
by  the  action  of  strong  hydriodic  acid  on  the  alcohol,  is  a  liquid  hayinjj  a 
pleasant  ethereal  odor,  a  specific  gravity  of  1.632  at  OO,  1.600  at  20O  C. 
(68O  F.),  and  1.684  at  30©  C.  (866  p.).  It  boils  at  II80  C.  (244.40  F.). 
Bromine  decomposes  it,  expelling  the  iodine  and  forming  butene  di bromide, 
C^HgBr,.  When  distilled  with  alcoholic  potash,  it  gives  off  butene.  This 
tendency  to  give  off  the  corr<!sponding  define  is  characteristic  of  all  the 
secondary  alcohols  a-^d  ethers,  as  will  be  further  noticed  in  connection  with 
the  five-carbon  compounds. 

Trimethyl  Carbinol,  or  Tertiary  Butyl  Alcohol,  C  |   q^\  ispro 

duced  by  treating  zinc  methide  with  carbonyl  chloride  (phosgene  gas)  or 
acetyl  chloride,  and  submitting  the  product  to  the  action  of  water. 

2C0CL        +        Zn(CH,),        «        ZnCl.        +        2C0CH,a 
Carbonyl  Zinc  Zinc  ^F^\y} 

Qhloride.  moth  Wo.  oWoride.  chloride. 
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COCHja     +        Zn(CH,), 


V 


Acetyl 
ehlori 

C  {  <^,H>>.  + 

Trtmethyl 
ehloromethnne. 


Zino 
methide. 

HOH 
Water. 


Bs        ZnO 

Zino 
oxide. 

»      Ha 


.{ 


(CH,), 

CI 
Trimethyl 
at 


ohloromethane. 

^        ^t   OH 

Trimethyl 
carbinol. 


It  may  also  be  formed  from  the  primary  iBoalooHol  by  the  following 
series  of  processes  :  (1)  The  alcohol  treated  with  sulphuric  acid,  or  other 
dehydrating  agent,  yields  isobutene,  CJIg. — (2)  This  define,  treated 
with  strong  hydriodic  acid,  yields  tertiary  butyl  iodide,  the  iodine  attach- 
ing itself  to  the  carbon  atom  wliicli  is  not  in  direct  combination  with  hy- 
drogen.— (3)  The  iodide  treated  with  silver  oxide  is  converted  into  the 
tertiary  alcohol.  The  series  of  transformations  is  represented  by  the  fol- 
lowing formula : — 


(CH3),CH— CHjOH 
iBobutyl  alcohol. 

(CH,),CI— CH, 
Tertiary  Butyl  iodide. 


(CH,),C— CH, 
iBobutene. 

(OH3)3C(OH)-CH, 
Tertiary  Butyl  alcohol. 


Trimethyl  carbinol,  when  perfectly  anhydrous,  crystallizes  in  rhombic 
prisms  or  tables,  melting  at  25. 50  C.  (77.90  F.).  In  the  liquid  state  it 
has  a  specific  gravity  of  0.7788  at  30O  C.  (860  F.),  and  boils  at  82.50  C. 
(I8O.50  F.).  It  mixes  with  water  in  all  proportions,  and  likewise  forms  a 
definite  hydrate,  2C4H,oO.H20,  which  crystallizes  in  a  freezing  mixture, 
and  boils  without  decomposition  at  SOP  C.  (1760  F.).  By  oxidation  with 
chromic  acid,  trimethyl  carbinol  is  resolved  into  acetic  acid  and  acetone, 
together  with  a  small  quantity  of  isobutyric  acid. 
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The  formula  CjH,,0  may  include  eight  different  alcohols  :  four  primary, 
three  secondary,  and  one  tertiary,  viz. : — 


O 


H 
OH 


0-N  H 
I  OH 


r  JH 

^  ^  H 

(oh 


(  CH,CHaCH,CH,       (  CH,CH(CH3),     (  OH  |  ^h!^^      (  (^(GH^t 

Primary,     O  n  g  '^  ^  "                   n  J  «     *               r,  )  H 
(oH 

Butyl  carbinol.  laobutyl  carbinol. 

CH.OHaCH«  £  CH(CH,)j 

IJH.  ck«.                 .CO 

OH  (oh 


Secondary, 


Tertiary,     C 


i 

Ml 


OH,OH, 
--  (JH, 


(0H,C 
^IH 


ethvl-propyl       Methyl  isopropyl 
carbinoL  oarblnoL 


fOH 
Diethyl 
oarbinoL 


CH,CH, 
CH, 
OHa 
OH 


>  Difflethyl-ethyl  carbinol. 


Six  of  these  are  known,  viz.,  the  first,  second,  fifth,  sixth,  seventh,  and 
eighth. 

Butyl  Carbinol,  or  Normal  Primary  Pentyl  Alcohol, 

{C  H  OH 
C'H  *       '  ^  prepared  from  normal  butyl  alcohol  in  the  same  manner 
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as  the  latter  from  normal  propyl  alcohol,  viz.,  by  successive  oonversion 
into  butyl  cyanide,  CHjCHjCHjCHj.CN,  normal  valeric  acid,  CH,CH,CH,CH,. 
COOH,  valeric  aldehyde,  CH,CH,CH,CH,.COH,  and  the  alcohol,  CH,CH,CH, 
CH,.CH,OH.  It  is  a  liquid  boiling  at  1350  C.  (2750  F.),  t.«.,  3  degrees 
higher  than  isopentyl  alcohol.  The  chloride,  bromide,  iodide,  and  acetate 
obtained  from  it  boil  at  higher  temperatures  than  the  corresponding  iso- 
pentyl compounds.    By  oxidation  it  yields  normal  valeric  acid. 

Isobntyl  Carbinolt  Isopentyl  Alcohol,  or  Amyl  Alcohol, 

{C  H  OH 
fh-a  \     •  —  This  IB  the  ordinary  amyl  alcohol  produced  by  fermen- 

tatiou.  In  the  manufacture  of  brandy  from  com,  potatoes,  or  the  must  of 
grapes,  the  ethyl  alcohol  is  found  to  be  accompanied  by  an  acrid  oily 
liquid  called  fuad-oU,  which  is  very  difficult  to  separate  completely  from 
the  ethyl  alcohol.  It  passes  over,  however,  in  considerable  quantity 
towards  the  end  of  the  distillation,  and  may  be  collected  apart,  washed  by 
agitation  with  several  successive  portions  of  water  to  free  it  from  ethyl 
alcohol,  and  re-distilled.  The  liquid  thus  obtained  consists  chiefly  of 
amyl  alcohol,  sometimes  mixed  with  propylic,  butylic,  and  other  alcohols. 
The  amyl  alcohol  may  be  obtained  pure  by  fractional  distillation,  the  por- 
tion which  passes  over  between  1280  and  1320  G.  (262.40  and  269.60  F.) 
being  collected  apart.  Potato  fusel-oil  consists  almost  wholly  of  ethyl 
and  amyl  alcohols,  the  latter  constituting  the  greater  quantity. 

Amyl  alcohol  is  an  oily,  colorless,  mobile  liquid,  having  a  peculiar  odor, 
and  a  burning  acrid  taste.  Its  vapor  when  inhaled  produces  coughing 
and  oppression  of  the  chest.  It  has  a  specific  gravity  of  0.825  at  QO,  and 
boils  at  130O  C.  (266^  F.).  When  dropped  on  paper  it  forms  a  greasy 
stain,  which,  however,  disappears  after  a  while.  It  is  not  perceptibly 
soluble  in  water,  but  floats  on  the  surface  of  that  liquid  like  an  oil ;  com- 
mon alcohol,  ether,  and  various  essential  oils  dissolve  it  readily. 

Amyl  alcohol  usually  exerts  a  rotatory  action  on  polarized  light,  but 
the  rotatory  power  varies  considerably  in  different  samples.  Pasteur, 
indeed,  has  shown  that  ordinary  amyl  alcohol  is  a  mixture  of  two  iso- 
meric alcohols,  having  the  same  vapor-density,  but  differing  in  their 
optical  properties,  one  of  them  turning  the  plane  of  polarization  to  the 
right,  whereas  the  other  is  optically  inactive.  They  are  separated  by 
converting  the  crude  amyl  alcohol  into  amylsulphuric  acid,  saturating 
with  barium  carbonate,  and  crystallizing  the  barium  amylsulphate  thus 
formed.  The  salt  obtained  from  the  active  amyl  alcohol  is  2^  times  more 
soluble  than  that  obtained  from  the  inactive  alcohol,  and  consequently  the 
latter  crystallizes  out  first ;  and  by  precipitating  the  barium  from  the  solu- 
tion of  either  salt  with  sulphuric  acid,  and  distilling  the  amylsulphurio 
acid  thus  separated  with  water,  the  corresponding  amyl  alcohol  is  ob- 
tained. The  diff'erence  of  optical  character  between  the  two  alcohols — 
which  is  traceable  through  many  of  their  derivatives — ^lias  not  been  satis- 
factorily explained  ;  but  it  perhaps  depends  upon  the  arrangement  of  the 
molecules,  rather  than  upon  that  of  the  atoms  within  the  molecule.  On 
the  other  hand,  it  is  possible  that  the  active  and  inactive  alcohols  may 
contain  different  radicles,  as  indicated  by  the  second,  third,  and  fourth 
formulaB  of  primary  amyl  alcohols  above  given. 

Vapor  of  amyl  alcohol  passed  through  a  red-hot  tube,  yields  a  mixture 
of  ethene,  propene,  butene,  and  isopentene  or  amylene. 

Amyl  alcohol  takes  fire  easily  and  burns  with  a  blue  flame.  When  ex- 
posed to  the  air  in  contact  with  platinum  black,  or  treated  with  a  mixture 
of  potassium  chromate  and  dilute  sulphuric  acid,  it  is  oxidized  to  isovaleric 
acid,  CH,CH(CHj),.COOH. 

Amyl  alcohol,  heated  to  220O  C.  (4280  F.)  with  a  mixture  of  potassium 
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hydroxide  and  lime,  is  converted  into  potassium  valerate,  with  evolution  of 
hydrogen : 

CjHi^O    +     KHO    =-    CgHjKO,    +    SH,. 

P[>tas8ium  and  sodiitm  dissolve  in  amyl  alcohol  as  in  ethyl  alcohol,  yield- 
ing the  compounds,  CgHuKO,  and  CjHuNaO,  which,  when  treated  with 
amyl  iodide,  yield  amyl  oxide  or  amyl  ether,  (C5Hn)20,  and  with 
ethyl  iodide,  ethyl-amyl  oxide,  (C2H5)(C5Hii)0. 

Chlorine  acts  upon  amyl  alcohol  as  upon  ethyl  alcohol  (p.  664),  except- 
ing that  it  finally  removes  only  four  atoms  of  hydrogen,  instead  of  five : 

C.H.jO    +     3Clj    =s    4HC1    +     CsHga^O. 
Amyl  alcohol.  Ohloramylal. 

Amyl  alcohol  is  acted  upon  by  acids,  like  common  alcohol,  yielding 
ethi-rs.  When  mixed  with  strong  sulphiric  acid^  it  is  converted  into  amyl- 
sulphuric  acid,  (C5H„)HS04  ;  and,  on  distilling  the  mixture,  amyl  oxide, 
(GjH,,)20,  passes  over,  together  with  amylene,  and  several  other  hydro- 
carbons. 

tf  n  H  CI 

IsoPEKTTL  Chloride,  or  Amyl  Chloride,  CgHuCl,  or  HC  \  Jh^  v  ,  is  pre- 
pared by.  distilling  equal  weights  of  amyl  alcohol  and  phosphorus  penta- 
chloride,  washing  the  product  repeatedly  with  alkaline  water,  and  rectify- 
ing it  from  calcium  chloride.  Less  pure  it  may  be  obtained  by  saturating 
amyl  alcohol  with  hydrochloric  acid.  It  is  a  colorless  liquid,  of  agreeable 
aromatic  oder,  insolubRs  in  water,  and  neutral  to  test-paper :  it  boils  at 
102O  C.  (215. 60  F.),  and  ignites  readily,  burning  with  a  flame  green  at 
the  edges.  By  the  long  continued  action  of  chlorine,  aided  by  powerful 
sunshine,  it  is  converted  into  octochl  or  in  ate  d  amyl  chloride,  or 
nonochloropentane,  C5H3CI9,  a  volatile,  colorless  liquid,  smelling 
like  camphor :  the  whole  of  the  hydrogen  has  not  yet,  however,  been 
removed.  The  bromide,  CgH,iBr,  is  a  volatile,  colorless  liquid,  heavier  than 
water,  boiling  at  1190  C.  (246.20  F.).  It  is  obtained  by  distilling  amyl 
alcohol  with  bromine  and  phosphorus  (see  £thyl-bromide,  p.  569).  Its 
odor  is  penetrating  and  alliaceous.  The  bromide  is  decomposed  by  an 
alcoholic  solution  of  potash,  with  reproduction  of  the  alcohol  and  formation 
of  potassium  bromide.  The  iodide,  ^^^n^y  is  prepared  by  distilling  a  mix- 
ture of  15  parts  of  amyl  alcohol,  8  of  iodine,  and  1  of  phosphorus.  It  is 
colorless  when  pure,  heavier  than  water,  volatile  without  decomposition 
at  1460  C.  (294.80  F.),  and  in  other  respects  resembles  the  bromide :  it 
is  partly  decomposed  by  exposure  to  light.  Heated  to  290O  C.  (554°  F.) 
in  sealed  tubes,  with  zinc,  it  yields  decane  or  diamyl,  CjqH,,,  or 
CgHij.CgHn,  a  colorless  ethereal  liquid  boiling  at  1550  C.  (3110  F.).  At 
the  same  time  there  is  formed  a  compound  of  zinc  iodide  with  zinc  amylide, 
Zn(C5H„)2,  which  is  decomposed  by  contact  with  water,  yielding  zinc  oxide 
and  pentane  or  amyl  hydride  (p.  499)  : 

Zn(C5Hi,),    -h     H,0    =    ZnO    +     ^fi^^. 

Ahtl  Oxide,  (C5H„),0,  obtained  by  the  processes  already  mentioned,  is 
a  colorless  oily  liquid,  of  specific  gravity  0.779,  and  boiling  at  1760  C. 
(348.80  F.). 

Amylsulphuric,  or  Sulphamylic  Acid,  (C5Hi,)HS04,  or  C5H„(OS05n). 
The  barium  salt  of  this  acid,  (CjHi,)aBa(S04)22Aq.,  prepared  like  the 
ethylsulphate  (p.  573),  crystallizes,  on  evaporating  the  solution,  in  small 
brilliant  pearly  plates  ;  the  difference  of  solubility  of  the  salts  prepared 
from  optically  active  and  optically  inactive  amyl  alcohol  has  already  been 
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mentioned.  The  barium  may  be  precipitated  from  the  salt  by  dilute  sul- 
phuric acid,  and  the  sulphamylic  acid  concentrated  by  gpoutaneous  eTai>o- 
ration  to  a  syrupy,  or  even  crystalline  state :  it  has  an  acid  and  bitter 
taste,  strongly  reddens  litmus-paper,  and  is  decomposed  by  ebullition  into 
amyl'  alcohol  and  sulphuric  add.  The  potassium  salt  forms  groups  of 
small  radiating  needles,  very  soluble  in  water.  The  sulphamylates  of 
oalcium  and  lead  are  also  soluble  and  crystallizable. 

Amyl  hydrosulphide,  CftH^SH,  and  A  my  I  SAlphide  (CjH^)^, 
resemble  the  ethyl-compoundJa  in  their  properties  and  reactions. 

Fusel-oil  of  Grain-spirit, — ^The  fusel-oil,  separated  in  large  quantities  from 
grain-spirit  by  the  London  rectifiers,  consists  chiefly  of  amyl  alcohol  mixed 
with  ethyl  alcohol  and  water.  Sometimes  it  contains  in  addition  more  or 
less  of  the  ethyl-  or  amyl-compounds  of  certain  fatty  acids  thought  to  be 
identical  with  (snanthylic  and  palmitic  acids.  These  last-named  substances 
form  the  principal  part  of  the  nearly  solid  fat  produced  in  this  manner  in 
whiskey  distilleries  conducted  on  the  old  plan.  Mulder  has  described, 
under  the  name  of  corn-oil^  another  constituent  of  the  crude  fusel-oil  of 
Holland :  it  has  a  very  powerful  odor,  resembling  that  of  some  of  tho 
umbelliferous  plants,  and  is  unaffected  by  solution  of  caustic  potash.  Ac- 
cording to  Mr.  Rowney,  the  fusel-oil  of  the  Scotch  distilleries  contains  in 
addition  a  certain  quantity  of  caprio"  acid,  C,oH^O|.  Amyl  alcohol,  in 
addition  to  isobutyl  alcohol,  has  been  separated  from  the  spirit  distilled 
from  beet-molasses  and  from  artificial  grape-sugar  made  by  the  aid  of  sul- 
phuric acid.  , 

Propyl-methyl  Carbinol,  HO.HC<^|^«^^«^^»  ,  or,  C,H,— CHOH— 

CH,. — This  secondary  alcohol  is  produced  by  decomposing  propyl-methyl 
ketone  (obtained  by  distilling  a  mixture  of  calcium  butyrate  and  acetate) 
with  water  and  sodium  amalgam  : 

C,H^— CO— CHg  +  H,  =  CsH,— CHOH— CH,. 

It  is  a  liquid  smelling  like  ordinary  amyl  alcohol,  but  less  pungent ;  boils 
at  120O  C.  (2480  F.)  ;  has  a  specific  gravity  of  0.825  at  OO;  is  oxidized  by 
potassium  permanganate  to  propyl-methyl  ketone. 

Isopropyl-methyl  Oarblnol,  HO.HC<j^^^^°»)« ,  also  called  Amy- 

{CT 
QjT  .—Til is  is  a  secondary  alcohol  produced  from 

amylene,  C^H,o,  by  combining  that  substance  with  hydriodio  acid,  and 
decomposing  the  resulting  hydriodide,  C^H^).HI,  with  moist  silver  oxide, 
whereby  silver  iodide  and  amylene  hydrate  are  obtained : 

CH(CH,),  CHCCHj), 

CH  n  CHI 

hJ      "*     CH, 


II  + 

CH, 


CH(CHOg  CH(CH,), 

and  CHI  +     AgOH     «     Agl     +      CHOH 

CH,  CH, 

A  portion  of  the  hydriodide  is  at  the  same  time  resolved,  by  the  heat 
evolved  in  the  reaction,  into  hydriodic  acid  and  amylene ;  and,  on  submit- 
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ting  the  resulting  liquid  to  fractional  distillation,  the  amylene  passes  orer 
first,  and  then,  between  105^  and  108^  C.  (221-226.40  F.),  the  amylone 
hydrate  or  isopropjlmethyl  carbinol. 

This  alcohol  id  a  liquid  having  a  specific  gravity  of  0.829  at  QO,  and  a 
pungent  ethereal  odor,  quite  distinct  from  that  of  ordinary  amyl  alcohol. 
Ueated  with  strong  sulphuric  acid,  it  is  converted,  not  into  amylsulphurio 
acid,  but  into  hydrocarbons  polymeric  with  amylene,  vii.,  diamylene,  or 
deoene,  CioU^,  and  triamylene,  or  pentadecene,  Cy^Vi^  (p.  505).  Hydriodic 
acid  converts  it,  at  ordinary  temperatures,  into  amylene  hydriodide,  Cgliig. 
HI,  boiling  at  130O  0.  (2()(P  F.),  amyl  iodide  at  14t>o  C.  (294.80  F.).  hy- 
drochloric acid  converts  it  (even  at  (P)  into  amylene  hydrochloride,  CjUj^. 
UCl,  having  a  boiling  point  ICP  below  that  of  amyl  chloride.  On  mixing 
it  with  two  atoms  of  bromine  at  a  very  low  temperature,  a  red  liquid  is 
formed,  which,  as  soon  as  it  attains  the  ordinary  temperature  of  the  air, 
is  resolved  into  water  and  amylene  bromide.  Heated  for  some  time  to  lOOO 
with  strong  acetic  acid,  it  yields  amylene,  together  with  a  small  quantity 
of  amylene  acetate.  Sodium  dissolves  in  amalene  hydrate  with  evolution 
of  hydrogen,  forming  a  colorless  translucent  mass,  which  has  the  com])o- 
sition  C^UjoNaOH,  and  is  decomposed  by  amylene  hydriodide  in  the  manner 
shown  by  the  equation : 

C^H^^^aOH    +     C^Hj-HI    s    Cfi,^    +    C5H,oH(OH)    +    Nal. 
Sodium  oompound.        Amyieae  Amylene.  Amyleoe 

hydriodide.  Siydrate. 

From  these  reactions  it  is  apparent  that  amylene  hydrate  or  isopropyl- 
methyl  carbinol  is  especially  distinguished  from  the  primary  amyl  alcohols 
by  the  facility  with  which  it  gives  up  the  corresponding  olefino.  This 
peculiarity  is  exhibited  also  by  all  the  secondary  alcohols  of  the  series. 
Those  alcohols  may  indeed  be  regarded  as  intermediate  links  between  the 
primary  monatomic  alcohols  and  the  diatomic  alcohols  or  glycols,  «.  ^., 

Amyl  alcohol.  Amylene  hydrate.  Amylene  glycol. 

Diethyl  Carbinol,  C^B.^ — CHOH — C2H5,  is  produced  by  heating  ethyl 
formate  with  ethyl  iodide  and  granulated  zinc,  and  decomposing  the  pro- 
duct with  ice-cold  water.  The  action  of  the  zinc  on  the  ethyl  iodide  pro- 
duces zinc-ethyl,  and  this  reacts  with  the  ethyl  formate  according  to  the 
following  equation : 

HCO.OCH,  +  2Zn(C,H.),  -  HC  {  ^^^l^    +  Zn  {  ^.H.^^  ; 

and  on  treating  this  product  with  water,  the  compound,  HC  <  i  or  H    ^ 

decomposed,  yielding  diethyl  carbinol,  together  with  zinc  hydroxide  and 
ethene, 

HC{SX    +    ^^"^    =    HOCH{C,H|+Zn(OH,)+C,H.. 

The  final  result  is  the  replacement  of  the  oxygen-atom  of  the  group  HO, 
in  formic  acid,  HCO.OH,  by  2  atoms  of  ethyl. 

Diethyl  carbinol  is  a  liquid  which  smells  like  amyl  alcohol,  has  a  spe- 
cific gravity  of  0.832  at  OO,  and  boils  at  II6-II70  C.  (240.8-242.6O  F.).  By 
oxidation  with  chromic  acid,  it  is  converted  with  diethyl  ketone,  ^(CjHj),. 
The  corresponding  iodide  boils  at  1450 ;  the  acetate  at  1320.* 

*  Wagner,  Liiebig*8  Annalen,  clxxv.  351;  Chem.  Soc.  Journ.  1875,  p.  627. 
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Btiiyl-dimethyl  Carbinol,  or  Tertiary  Amyl  Alcohol, 

is  prepared  like  tertiary  butyl  alcohol,  by  treating  zino-me- 


(oh 


thide  with  propionyl  chloride,  CjHjOCl,  and  decomposing  the  product  with 
water.  It  smells  very  much  like  tertiary  butyl  alcohol,  has  a  specific 
gravity  of  0.828  at  OO,  solidifies  to  a  crystalline  mass  at  — 30O  C.  (— 22° 
F.),  boils  between  98.50  and  lOOO  C.  (209.30  and  2120  F.),  and  does  not 
solidify  at  — 17^  C.  (1.4P  F.),  but  merely  becomes  viscid.  By  oxidation 
with  dilute  chromic  acid,  it  yields  nothing  but  acetic  acid. 

The  boiling  points  of  the  six  known  pentyl  alcohols  become  gradually 
lower,  from  the  normal  primary  to  the  tertiary,  as  their  structure  becomes 
more  complex ;  thus— 


Primary, 

Secondary, 
Tertiary, 


Butyl  carbinol 
Isobutyl  carbinol    . 
Propyl-methyl  carbinol  . 
Diethyl  carbinol 
Isopropyl-methyl  carbinol 
Ethyl-dimethyl  carbinol 


Boiling  Point 

1370 

128C^1320 
120^^1230 
116Q-1170 
1040-1080 
98.50-1000 


EBXTL  ALCOHOLS  AND  BTHBRS. 

The  number  of  possible  modifications  of  an  alcohol  increases  with  the 
number  of  carbon-atoms  in  its  molecular  formula.  Thus,  wc  have  seen 
that  there  may  be  two  propyl  alcohols,  CgHgO,  four  butyl  alcohols,  C4H,^0, 
and  eight  amyl  alcohols,  CjH^O.  The  six-carbon  formula,  QIIi^O,  will  in 
like  manner  be  found  to  include  seventeen  isomeric  alcohols— eight  pri- 
mary, six  secondary,  and  three  tertiary ;  but  as  the  manner  in  which 
these  modifications  arise  has  been  sufficiently  explained  in  the  preceding 
pages,  the  further  development  of  the  theoretical  formulae  may  be  left  aa 
an  exercise  for  the  student. 

The  number  of  modifications  of  the  six-carbon  alcohol  actually  known  is 
eight :  of  which  two  are  primary,  three  secondary,  and  the  remaining 
throe  tertiary. 

Primary  Hezyl  Alcohols,  CgHuCOH). — The   normal    alcohol, 

CH8.CH,.CH,.CH2.CHj.cnjOH,   or    HjC  i  q}"*^^  ,  ia  obtained  from  the 

essential  oil  of  Tleracleum  giganteum^  which  is  a  mixture  of  hexyl  butyrate 
and  octyl  acetate.  The  hexyl  and  ootyl  alcohols  are  isolated  by  decom- 
posing the  oil  with  alcoholic  potash,  and  separated  by  fractional  distilla- 
tion. The  hexyl  alcohol  thus  obtaintnl  has  a  strong  aromatic  odor,  a  spe- 
cific gravity  of  0.819  at  230  C.  (73.40  P.),  and  boils  at  15G.60  C.  (313.80 
F.).  By  oxidation  it  yields  a  caproio  acid,  CgHi^O,,  having  the  same  boil- 
ing point  (204.50  C.,  400.10  F.),  as  normal  caproic  acid.  The  corre- 
sponding iodide  is  a  heavy  colorless  liquid,  boiling  at  179. 50  C.  (355. lO  p.). 
The  acetate^  CJHJ3.C2H3O,,  has  a  pleasant  fruity  odor,  and  boils  at  1690  C. 
(336.20  P.). 

The  same  alcohol  is  obtained,  together  with  butyl-methyl  carbinol,  by 
treating  nonnal  hexane,  CIl3.(CII.j)4.CIl3,  from  American  petroleum  with 
cliloriue,  converting  the  resulting  hexyl  chloride  into  the  acetate  by  treat- 
ment with  silver  acetate,  and  distilling  this  acetate  with  potash.     The 
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mixtare  of  alcohols  thns  obtained  cannot  be  completely  separated  hy  frac- 
tional distillation,  but  it  yields  by  oxidation  the  corresponding  products, 
viz.,  normal  caproic  acid  and  methyl-butyl  ketone. 

Lastly,  normal  hexyl  alcohol  is  obtained,  according  to  Rossi,  by  the 
action  of  sodium-amalgam  and  water  on  normal  caproic  aldehyde. 

Another  primary  hexyl  alcohol,  boiling  at  about  150O  C.  (302^  F.),  and 
yielding  caproic  acid  by  oxidation,  was  found  by  Paget  in  fusel-oil.  The 
statements  respecting  it  are  not  very  exact,  but  as  it  is  produced  by  fer- 

(  CjHeOH 
mentation,  it  is  probably  the  isoprimary  alcohol,   HC-cCUj 

(CH, 

Secondary  Hezyl  Alcohols. — 1.  Methyl-butyl   Carhinol^ 

HO.HC<^tr*  I  discovered  by  Wanklyn  and  Erlenmeyer,  is  produced  by 

treating  mannite,  Cfi^^fi^  (a  saccharine  body  obtained  from  manna),  with 
a  large  excess  of  very  strong  hydriodic  acid,  whereby  it  is  converted  into 
secondary  hexyl  iodide : — 

C.H„0,    +     llHI    =    CeH„I    +     6H,0    +    I„; 

and  digesting  this  compound  with  silver  oxide  and  water  :•— 

CeHijI    +    AgHO    =    Agl    +    CeH„0. 

Methyl-butyl  carbinol  is  a  viscid  liquid,  having  a  pleasant,  refreshing 
odor;  it  boils  at  1370  C.  (278.60  F.);  has  a  sp.  gr.  of  0.8327  at  OO,  0.8209 
at  160  C.  (60.80  p.),  and  0.7422  at  99©  C.  (210.20  p.),  so  that  it  expands 
somewhat  rapidly  by  heat.    Strong  hydrochloric  acid  converts  it  into  the 

corresponding  chloride,  C1HC<^^«  ,  which  boils  at  120O  C.  (248©  F.), 

9  

and  yields  hexene  when  digested  at  lOOO  with  alcoholic  potash.  The 
iodide  boils  at  167-1680  C.  (332.6-334.40  F.). 

The  alcohol  is  converted  by  oxidation  with  a  mixture  of  potassium  dichro- 

mate  and  sulphuric  acid  into  methyl -butyl    ketone,  C0<;^^^  '  , 

which,  when  further  treated  with  the  oxidiaing  mixture,  yields  acetic, 
carbonic,  and  normal  butyric  acids. 

2.  Methyl-katabutyl    Carbinol,  H0.HC<;^^^8^»  ,al80called 

Pinacolyl  alcohol^  is  formed  by  the  action  of  nascent  hydrogen  on  pinacolin 
(9.  ».).  It  solidifies  at  low  temperatures  to  crystals  which  melt  at  +40C. 
(39.20  F.),  boils  at  120O  C.  (2480  F.),  and  has  a  specific  pavity  of  0.834. 
When  oxidized  by  potassium  dichromate  and  sulphuric  acid,  it  is  converted 
into  methyl-katabutyl  ketone,  CH, — CO — C(CH3)g,  which  splits 
up  on  further  oxidation  into  carbon  dioxide  and  trimethylacetic  acid. 

3.  Ethyl-propyl  Carbinol,  HO. HC<^g2^g«^^»  ,  also  called  5^- 
ene  hydrate, — ^The  iodide  analogous  to  this  alcohol  is  prepared  from  dichlor- 
ethyl  oxide,  0<^*|t'  '  t  by  successive  treatment  with  zinc-ethyl  and 
hydriodic  acid ;  thus : 

CH,C1  CHj.CjHs 

CHC1+    2Zn<;^»^5    =      2Zn<^|°»    +      CH.CjHj 
3C.H.  OCH. 


50 


0C,H5 
ihlore 
oxide.  '  '  chloride.  ethyl-oxide. 


Dichlofethvl         Zlnc^ethyl.  Zlno-ethylo-  Dlethyfated 

■  •     Ide.  -   .    -.- 
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CH2«C2H^ 


CH.CgH^ 


+     2HI      =     IHC<p^a-^2^6       +     H,0     +     CjHjI; 

I  '     "  ^8"5 

OC,H, 
Diethylated  Ethyl-propyl- 

ethyl  oxide.  carbiDyl  iodide. 

and  the  aloohol  is  obtained  by  conyerting  the  iodide  into  the  acetate,  and 
distilling  the  latter  with  potash. 

Tertiary  Heacyl  Aloohola. — ^Three  of  these  aloohols  are  possible,  and 
have  been  obtained,  viz. : 

(  CH,  (  CH, 

Methyl-diethyl  oarbinol,          C  {  (C^Hj),  or  HO.C  <  CjH. 

I  OH  ICjHj 

k  CH^CH^CH^  i  o^a^ 

Propyl-dimethyl  carbinol,       C I  (CU,),  or  HO.C  {  CH, 

I  OH  ICH, 

(CH(CH3),  (CH(CH,), 

Isopropyl-dimothyl  carbinol,  C  <  (CHj),  or  HO.C  <  CH, 

(oh  (ch. 

The  first  is  prepared  by  treating  acetyl  chloride,  COCHjCl,  with  zino- 
ethyl,  and  decomposing  the  resulting  methyl-diethyl-chloromethane, 
C(CH0(C,H5)2C1,  with  water.  It  boils  at  120O  C.  (2480  F.),  and  yields 
by  oxidation  nothing  but  acetic  acid. 

The  second,  obtained  in  like  manner  from  butyryl  chloride,  CO(CjH-)Cl, 
and  zinc-methyl,  boils  at  1150  C.  (239^  F.)t  a-nd  is  resolved  by  oxidation 
into  acetic  acid,  propionic  acid,  and  carbon  dioxide. 

The  third,  obtained  from  isobutyryl  chloride  and  zinc-methyl,  is  a  liqnid 
which  solidifies  at  — 35©  C.  (— 310  F.),  boils  at  1120  C.  (233.60  p.),  and 
yields  by  oxidation  acetone,  acetic  acid,  and  carbon  dioxide. 


HBPTYL  AXCOHOLS,  CjH,gOH. 

Of  these  alcohols  six  have  been  obtained,  two  primary,  one  secondary, 
and  three  tertiary. 

Normal  Heptyl  Alcohol,  CH3(CH,)5.CH,On,  or  H,C<^6HioOH  ^  ^ 

9 

prepared,  either  by  the  action  of  nascent  hydrogen  (evolved  by  the  action 
of  sodium-amalgam  on  water),  on  heptyl  aldehyde  (osnanthol): 


C,H„0    +    H,    =    C,H,.0; 
Aldehyde.  Alcohol. 


or  from  normal  heptane,  C^H,,,  in  the  same  manner  as  normal  hexyl  aloo- 
hol from  hoxane  (p.  688).  It  is  a  colorless,  oily  liquid,  insoluble  in  water, 
boiling  at  1770  C.  (350.6O  F.),  and  converted  by  oxidation  into  normal 
ojnanthylic  acid. 

Another  heptyl  alcohol,  probably  the  isoprimaryj  was  separated  by  Paget 
from  fusel-oil. 

Secondary  Heptyl  Alcohol,  or  Dipropyl  Carbinol,  CjH, — CHOH 
— C^Il^,  prepared  by  hydrogenation  of  dipropyl  ketone,  boils  at  150O  C. 
(302O  F.),  and  i^  reconverted  into  the  ketone  by  oxidation. 


J 
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Tertiary  HeptylAlcoholB.— Trie < Ay/  Carhinol,  (C3H5)3COH,  is 
obtained  bj  treating  propionyl  chloride,  CjHjOCl,  with  zinc-methyl,  and 
the  product  with  water.  It  remains  liquid  at  — ^200  C.  (—40  F.),  boils  at 
140Q-1420  C.  (284^-287.60  F.),  is  slightly  soluble  in  water,  and  has  a 
specific  gravity  of  0.8593  at  OO.  By  oxidation  with  chromic  acid  it  yields 
heptene,  C,H,4,  together  with  carbon  dioxide,  and  apparently  also  acetic 
and  propionic  acids. 

G  Ha       ) 

Dimethi/l-iaohutyl   Carbtnol,     (^^\  > COH,  obtained  by  treating 

isovaleric  chloride,  CH(CHj)j— CH, — COCl,  with  zinc-methyl,  and  decom- 
posing the  product  with  water,  boils  at  129Q-1310  C.  (2G4. 20-267. 80  F.), 
and  is  converted  by  oxidation  into  acetic  and  isobutyrio  acids. 

Dimethyl-katahutyl    Carbinol,    or   Pentamethylated  Ethyl  Alcohol^ 

/nw^'^'  I  COH,  prepared  by  treating  trimethyl-acetyl  chloride,  C(CH),. 

COCl,  with  zinc-methyl,  and  the  product  with  water,  melts  at  170  C. 
(62.60  F.),  boils  at  131Q-1320  c.  (267.80-269.60  F.),  and  forms  with  water 
a  crystalline  hydrate,  2C^HjeO.HjO,  which  melts  at  830  C.  (181.4P  F.). 


OCTTL  ALCOHOLS,  CgHjiyOH. 

Five  of  these  alcohols  are  known^ne  primary,  three  secondary,  and 
one  tertiary. 

Primary  Ootyl  Alcohol  or  Heptyl  Carbinol,  C^Hjj.CHjOH,  is  con- 
tained, together  with  the  corresponding  acetate,  Cglli^.C^HsO,,  in  the  vola- 
tile oil  obtained  from  the  seed  of  the  cow-parsnep  {Ileracleum  sphondyliwn)  ; 
also  as  a  butyric  ether  in  the  seeds  of  the  common  parsnep  {Pastinaca 
sativd)  ;  and,  together  with  hexyl  butyrate,  in  the  oil  of  Heracleum  gigau' 
team. 

The  comparatively  small  portion  of  cow-parsnep  oil,  which  boils  between 
190O  and  1950,  consists  mainly  of  the  alcohol ;  but  by  far  the  greater  por- 
tion passes  over  between  200O  and  2120  C.  (3920  and  413.60  F.),  and  this, 
by  continued  fractionation,  yields  primary  octyl  acetate,  CioHggOj,  boiling 
between  206O  and  208O  C.  (402.8-406.4O  F.).  This  compound  is  insoluble 
in  water,  easily  soluble  in  alcohol  and  ether,  and  has  a  sp.  gr.  of  0.8717 
at  160  C.  (60.^  F.).  Heated  with  alcoholic  potash,  it  yields  potassium 
acetate  and  primary  octyl  alcohol. 

This  alcohol  is  a  colorless  oily  liquid,  having  a  sp.  gr.  of  0.830  at  160  C. 
(60.80  F.),  boiling  between  190O  C.  (374P  F.)  and  1920  C.  (377.60  F.), 
nearly  insoluble  in  water,  miscible  with  alcohol  and  ether  ;  it  has  a  pecu- 
liarly pungent  aromatic  odor,  and  tastes  sweetish  at  first,  afterwards  burn- 
ing and  sharp.  By  boiling  with  potassium  dichromate  and  dilute  sulphuric 
acid,  it  is  converted  into  an  acid,  CgUieO,,  melting  at  160  to  170  C.  (62.60 
F.),  and  isomeric  or  identical  with  the  caprylic  acid  of  natural  fats,  to- 
gether with  the  corresponding  octylio  ether,  CgHi^.CgHjjO,.  This  reaction 
shows  it  to  be  a  primary  alcohol ;  and  from  the  boiling  point  of  the  octane 
obtained  from  it  (1220-1250  C.)  (251.6Q-2570  F.),*  Schorlemmer  infers 

*  Normal  pentAne,  Q^His,  bolls  At  88^  O.  (100  4^  F.)*  and  the  average  difference  of 
boiling  point  between  any  two  consecutive  members  of  the  normal  paraffin  series 
is  about  31°  O.  (87.8°  F.)  (p.  601) :  hence  the  boiling  point  of  normal  octane  should 
be  88 -h  8  X  31  — 131°  C.  (267.8°  F.).  On  the  other  hand,  isopentane  boils  at  30°  O. 
(80°  F.)i  and  the  difference  of  boiling  point  between  two  consecutiTe  Isoparafflns 
Is  also  about  31°  G.  (87.8°  F.):  hence  the  boiling  point  of  iso-octane  should  be 
80 4- 3X 81  >B  1230.  (Schorlemmer,  Proceed! ukb  of  the  Hoyal  Society,  xvi.  376 1 
see  also  Watts's  Dictionary  of  Chemistry,  First  Supplement,  p.  879. 
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that  it  18  an  iso-aloobol,  HC  {  (rn^\ 

The  haloid  octjl  etben  obC^ned  from  this  alcohol  exhibit  the  following 

properties: 

BoiliB^  Point.  Sp.  gr. 

Chloride,  G^iHrCI       .       179.i5«>-180O  C.  (S55.lo-35«o  FJ         0JJ8W  at  l€9  C.  («0JB»r4 
Bromide,  C«Hi7Br       .       l»8«»-at>»<»  C.  (as^.40-39io  F.)  1.11 1«    «  •• 

Iodide,  C^Hc^  •        tU^-^aaP  O.  {*:ia^'^ljS^F.)  1JS38    *  •« 

Primary  octjl  alcohols,  oonyertible  bj  oxidation  into  caprjlic  acids,  are 
also  obtained  from  octane ;  thej  differ  from  the  alcohol  obtained  from  h.er»- 
deum  oil,  bnt  their  exact  stmcture  has  not  been 


Becondary  Ootyl  Alcohols. — ^1.  Metkyl-kexyl  Carhinol^ 

pU  ■> ,  is  produced  hj  heating  castor-oil  with  excess  of  solid 

potassium  hydroxide.  Castor-oil  contains  ricinoleic  acid,  QJA^O^,  and  this 
acid,  when  heated  with  potash,  yields  free  hydrogen,  a  distillate  containing 
methyl-hexyl  carbinol,  together  with  products  of  its  decomposition,  and 
a  residue  of  potassium  sebate,  C^JlJLfl^ : 

C^Hj^O,  +  2K0H  =  C,H„0  +  C  JB[„K,0^  +  H^ 

To  separate  the  alcohol,  the  distillate  is  repeatedly  rectified  over  fused 
potash,  the  portion  boiling  below  200O  C.  (392^  F.)  only  being  collected : 
this  liquid,  subjected  to  fractional  distillation  yields  a  portion  boiling  at 
1810  C.  (357.8^  F.)f  which  is  the  pure  secondary  octyl  alcohol.  The 
portions  of  the  original  distillate  hav^ing  a  lower  boiling  point,  consist  of 
olefines,  amongst  which  octene,  CgH,(,  tailing  at  150^  c.  (30:^  P.),  pre- 
ponderates. 

The  same  alcohol  is  obtained  from  the  octane  of  American  petroleum,  by 
converting  this  hydrocarbon  into  octyl  chloride,  then  into  the  acetate,  and 
heating  the  latter  with  alcoholic  potash. 

Methyl-hexyl  carbinol  is  a  limpid  oily  liquid,  having  a  strong  aromatic 
odor,  and  making  grease-spots  on  paper.  It  has  no  action  on  polarized 
light.  It  has  a  specific  gravity  of  0.823  at  17^  C.  (62.60  p.),  and  boils  at 
1810  C.  (357.80  p.).  It  is  insoluble  in  water,  but  dissolves  in  alcohol, 
ether,  wood-spirit,  and  acetic  acid.  It  mixes  with  sulphuric  acid,  forming 
octyl-sulphuric  acid,  CgHi^USO^,  generally  also  octene  and  neutral  octyl 
sulphate.  Fused  zinc  chloride  converts  it  into  octene.  With  potassium 
and  sodium  it  yields  substitution-products. 

Methyl-hexyl  carbinol,  oxidized  with  potassium  dichromate  and  sulphuric 
acid,  yields  the  corresponding  ketone,  viz.,  methyl-hexyl  ketone, 
CUg — CO — Cf  H„,  and  by  the  prolonged  action  of  the  oxidizing  mixture, 
this  ketone  is  further  oxidized  to  oaproic  and  acetic  acids : 

C,H„0    -I-     0^    =    C,H„0,    -I-     C,H.O,    +     Efi. 

These  reactions  show  that  the  alcohol  produced  from  castor-oil  is  a  secon- 
dary alcohol ;  and  from  considerations  similar  to  those  above  adduced  with 
respect  to  the  primary  alcohol,  it  is  inferred  to  be  a  secondary  iso-aloohol, 
represented  by  the  formula : 


HO  HC  i  (^^«)s^^(^^i)i 


The  Chloride^  C,H„C1,  produced  by  the  action  of  phosphorus  pentachlo- 
ride  on  this  alcohol,  has  an  odor  of  oranges,  a  specific  gravity  of  0.892  at 
180  c.  (64.40  P.),  and  boils  at  175©  C.  (347^  P.).  Heated  with  alcoholic 
I)otash,  it  yields  octene,  Cfillf, ;  by  alcohol  and  potassium  acetate,  it  is 
converted  into  octene  and  octyl  acetate. 
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{CH  CH 
//'U  \  i^TJ/nrr  x     ,    iS    ob- 

tainedy  together  with  the  primary  alcohol,  from  the  octane  produced  bj 
the  action  of  zinc  and  hydrochloric  acid  on  the  secondary  octyl  iodide 
obtained  from  the  alcohol  last  described.  The  octyl  chloride  prepared 
from  this  octane  smells  faintly  of  oranges,  and  the  acetate  prepared  from 
it  yields,  when  heated  with  alcoholic  potash,  an  octyl  alcohol,  which  boils 
at  182-1860  C.  (359.ft-366.80  p.),  and  is  converted  by  oxidation  into  a 
ketone,  CgHg^O,  isomeric  with  methyl-hexyl  ketone,  but  differing  from  it 
by  yielding,  when  farther  oxidized,  not  caproio  and  acetic,  but  propionic 
and  ordinary  valeric  acid :  hence,  it  consists  of  ethyl-isopentyl  ketone  (see 
Ketones): 

an.        CH,CH(CH,), 

CO  +  ^*    ==   J  +  i  +    H,0  ; 

I  COOH  COOH 

CH,CH,CH(CH3), 

Ethyl-isopentyl  ketone.  Propionic  acid.  Yalerio  acid. 

and  the  alcohol  from  which  it  is  obtained  is  ethyl-isopentyl 
carbinol. 

3.  A  secondary  octyl  alcohol,  different  from  both  the  preceding,  has 
been  obtained  from  octene,  by  heating  this  hydrocarbon  in  a  sealed  tube 
with  hydriodic  acid,  converting  the  resulting  octyl  iodide,  or  octene  hydri- 
odide,  CgH,f.HI,  into  the  acetate,  and  distilling  the  latter  with  finely  pul- 
verized potassium  hydroxide.  This  alcohol  has  an  aromatic  odor,  a  spe- 
cific gravity  of  0.811  at  0©  C.  (320  F.),  and  boils  at  174-1780  C.  (345.2- 
352.40  p.).  By  oxidation  it  yields  the  same  products  as  the  castor-oil 
alcohol,  and  must  therefore  likewise  consist  of  methyl-hexyl  carbinol ;  but 
as  it  boils  at  a  lower  temperature  than  the  latter,  it  probably  contains  a 
different  modification  of  hexyl. 

Tertiary  Ootyl  Alcohol,  or  Propyl-diethyl  Carbinol, 

(C,Ut 
HO.C  <  CjHj  ,  is  formed  by  treating  butyryl  chloride,  CjH^COCl,  with  zino- 


>.C  I  CjHs  ,  h 


ethyl,  and  decomposing  the  product  with  water.  It  is  a  somewhat  viscid 
liquid,  lighter  than  water,  and  insoluble  therein,  and  does  not  solidify  in 
a  freezing  mixture.  With  phosphorus  pentachloride  it  yields  an  octyl 
chloride  boiling  at  1550  C.  (311o  F.).  By  oxidation  with  chromic  acid 
mixture  it  yields  propionic  and  acetic  acids. 

Nonyl  Alcohol,  CgHjgOH,  is  obtained  by  the  series  of  reactions  above 
described  from  the  nonane  of  American  petroleum,  and  likewise  occurs, 
together  with  the  nonene,  CgHjg,  in  that  portion  of  the  liquid  obtained  by 
distilling  amyl  alcohol  with  zinc  chloride,  which  boils  between  1340  C. 
(273.20  F.)  and  150O  C.  (302O  F.).  Nonyl  alcohol  boils  at  about  200O  C. 
(3920  F.).  Nonyl  chloride,  C,H,jCl,  has  a  specific  gravity  of  0.899  at  KP 
C.  (60.8  F.),  and  boils  at  I960  C.  (384.80  F.). 

Deoyl  Alcohol,  CigH^iOH,  from  petroleum  decane,  boils  at  210-215O 
C.  (41(f-4190  F.).  An  isomeric  alcohol,  probably  tetra-ethylated  ethyl 
alcohol,  CH(CjH5), — C(C,Hj)jOH,  is  formed  by  the  action  of  dibromacetyl 
bromide,   CHBr.COBr,   on    zinc-ethyl;    it    boils   at   155-1570    C.    (311- 

314. 60F.). 

The  alcohols  of  the  series  O.H^+j^  containing  11  to  15  carbon-atoms» 

50* 
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are  not  known,  but  compound  ethers  containing  12  and  14  carbon-atoms 
appear  to  occur  in  spermaceti. 

Hezdecyl,  or  Cetyl  Alcohol,  C,eHM0ssC,«H3s(0H),  also  called 
Ethal,  is  obtained  from  spermaceti,  a  crystalline  fatty  substance  found  in 
peculiar  cavities  in  the  head  of  the  sperm  whale  (ffiyseter  maerocqcthalus). 
This  substance  consists  of  cetyl  palmitate,  C^Hf^O,,  or  C,«Hq. 
CjgH^O^and  when  heated  for  some  time  with  solid  potash,  is  resolvM  into 
potassium  palmitate  and  cetyl  alcohol  :— 

CieH„.C,.H5iO,    +    KOH    »    KCi.H„0,    +    CmH„(OH). 

The  cetyl  alcohol  is  dissolved  out  from  the  fused  mass  by  alcohol  and  ether, 
and  purified  by  several  crystallizations  from  ether. 

Cetyl  alcohol,  or  ethal,  is  a  white  crystalline  mass,  which  melts  at  about 
50O  C.  (122f^  F.))  and  crystallizes  by  slowly  cooling  in  shining  lamine. 
It  has  neither  taste  nor  smell,  is  insoluble  in  water,  but  dissolves  in  all 
proportions  in  alcohol  and  ether.  When  heated  it  distils  without  decom- 
position. With  sodium  it  gives  off  hydrogen  and  yields  sodium  oetylate, 
Gi^HjsNaO.  It  is  not  dissolved  by  aqueous  alkalies ;  but  wh^i  heated 
with  a  mixture  of  potash  and  lime,  it  gives  off  hydrogen,  and  is  converted 
into  palmitic  acid  :— 

CijUj^O    +    KOH    sa    KCi^H„0,    +    2H,. 

Distilled  with  phosphorus  pentachloride  it  yields  cetyl  chloride, 
CifHajCl,  a  limpid  oily  liquid,  having  a  specific  gravity  of  0.8412  at  12f>  C. 
(53. 60  F.),  and  distilling  with  partial  decomposition  at  a  temperature 
above  200O  C.  (3920  F.).  Cetyl  iodide,  C,eH„I,  obtained  by  treating 
the  alcohol  with  iodine  and  phosphorus,  is  a  solid  substance  which  melts 
at  22^  C.  (71. 60  F.),  dissolves  in  alcohol  and  ether,  and  crystallizes  from 
alcohol  in  interlaced  lamins. 

According  to  Heintz,  cetyl  alcohol,  or  ethal,  prepared  as  above,  is  not  a 
definite  compound,  but  a  mixture  of  hexdecyl  alcohol,  Ci^H^O,,  with 
small  quantities  of  three  other  alcohols  of  the  same  series,  containing  respec- 
tively 12,  14,  and  18  atoms  of  carbon,  inasmuch  as,  when  fused  with  pot- 
ash-lime, it  yields  the  corresponding  fatty  acids,  C^Hi^O^. 

CerylAloohol,  C^^^Os^CfjB^COR) ;  also  called  Ceratic  alcohol  and 
Cerotin. — This  alcohol  is  obtained  from  Chinese  wax  or  Pela,  a  secretion 
enveloping  the  branches  of  certain  trees  in  China,  and  supposed  to  be 
produced  by  the  puncture  of  an  insect.  This  wax  consists  mainly  of 
oeryl  cerotate,  CsTH^.CsTHjgO,,  and  is  decomposed  by  fused  potash  in 
the  same  manner  as  spermaceti,  yielding  potassium  cerotate  and  oeryl 
alcohol  :— 

C„H„.C„H«0,    +    KOH    «    KC„H5,0,    +    C„H„(0H). 

On  digesting  the  fused  mass  with  boiling  water,  a  solution  of  potassium 
cerotate  is  obtained,  holding  oeryl  alcohol  in  suspension  ;  and  on  precipi- 
tating the  cerotic  acid  with  barium  chloride  and  treating  the  resulting  pre- 
cipitate with  alcohol,  the  ceryl  alcohol  dissolves,  and  may  be  purified  by 
repeated  crystallization  from  alcohol  or  ether.  It  then  forms  a  waxy  sub- 
stance, melting  at  970  C.  (206.(P  F.).  Heated  with  potash-lime,  it  gives  off 
hydrogen,  and  is  converted  into  potassium  cerotate.  At  very  high  tempe- 
ratures it  distils,  partly  undecomposed,  partly  resolved  into  water  and 
cerotene,  C^Hj^ ;  by  this  character  it  would  appear  to  be  related  to  the 
secondary  alcohols.  With  sulphuric  acid  in  excess,  it  forms  hydrated 
neutral  ceryl  sulphate,  (C,fH55)gS04.H,0. 
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Myrloyl  Aloohol.— C8oH„0  =  CjoHOei(OH).— This  alcohol,  the 
highest  known  member  of  the  serieii,  CgH^-)-,^}  ^^  obtained  from  myricin, 
the  portion  of  common  bees'  wax  which  is  insoluble  in  boiling  alcohol. 
Myricin  consists  of  mjricyl  palmitate,  CspH^i.C^^RgjO,,  and  when  heated 
with  potash  is  decomposed  in  the  same  manner  as  spermaceti  and  Chinese 
wax,  yielding  potassium  palmitate  and  myricyl  alcohol.  On  dissolving 
the  product  in  water,  precipitating  with  barium  chloride,  exhausting  the 
precipitate  with  boiling  alcohol,  and  dissolving  the  substance  dei>08ited 
from  the  alcohol  in  light  petroleum,  pure  myricyl  alcohol  separates  as  a 
crystalline  substance,  having  a  silky  lustre.  When  heated,  it  partly  sub- 
limes unaltered,  and  is  partly  resolved  (like  ceryl  alcohol)  into  water  and 
melene,  CjqH^.  With  strong  sulphuric  acid  it  yields  myricyl  sulphate. 
Heated  witli  potcuh4ime^  it  gives  off  hydrogen,  and  is  converted  into  potas- 
sium melissate : 

CaoH„0    +    KOH    =    KC„H„0,    -f    2H,. 

The  mother-liquor  from  which  the  myricyl  alcohol  has  crystallized  out, 
as  above  mentioned,  retains  a  small  quantity  of  an  isomeric  alcohol,  which 
melts  at  72P  C.  (161. 60  F.),  and  when  treated  with  potash-lime  yields  an 
acid  containing  a  smaller  proportion  of  carbon. 


2.  Monatomlo  AlooholB,  C^H^^O,  or  C^Hj^^iOH. 

Two  alcohols  of  this  series  are  known,  viz. : 

Vinyl  alcohol,  C^H^O  =s  CjH3(0H) 
Ally  I  alcohol,  C,H.O  =  C,H5(0H). 

The  first,  discovered  by  Berthelot  in  1860,  is  produced  by  combining 
ethine  or  acetylene  with  sulphuric  acid,  whereby  vinyl  sulphuric  acid 
(C,H,)HS04  is  formed,  ajid  distilling  the  product  with  water,  just  as  in 
the  preparation  of  ethyl  alcohol  from  ethene  : 

HHSO4    4-     C,H,    s=    (C,Hg)HSO^ 
(C,H,)HSO^    +     HOH    =s    HUSO4    +    C,H8(0H). 

It  is  an  easily  decomposible  liquid,  having  a  highly  pungent  odor,  some- 
what more  volatile  than  water,  soluble  in  10  to  15  parts  of  that  liquid, 
and  precipitated  from  the  solution  by  potassium  carbonate.  It  is  isomeric 
with  acetic  aldehyde  and  ethene  oxide  (p.  620).  The  univalent  radicle 
vinyl,  CjHj,  which  may  be  supposed  to  exist  in  it,  is  related  to  the  triva- 
lent  radicle  ethenyl  (p.  479)  in  the  same  manner  as  allyl  to  propenyl  (see 
below). 

CH, 

II 
Allyl   Alcohol,  C,HgO  «  C,H5(0H)  »  CH   .—This  alcohol,  dis- 

CH,OH 

covered  by  Cahours  and  Hofmann  in  1856,  may  be  supposed  to  contain  the 
univalent  radicle  allyl,  C^H^,  derived  from  a  saturated  hydrocarbon  by 
abstraction  of  one  atom  of  hydrogen,  and  isomeric  with  the  trivalent  radi- 
cle propenyl,  (C3H5),  deriv«jd  from  propane,  CH, — ^CH^ — CHg,  by  abstrac- 
tion of  three  atoms  of  hydrogen.  Allyl  and  propenyl  compounds,  indeed, 
are  easily  converted  one  into  the  other  by  addition  or  subtraction  of  two 
atoms  of  a  monad  element  or  radicle. 
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To  obtain  the  alcohol,  allyl  iodide  ia  first  prepared  bj  the  action  of 
phosphorus  tetriodide  on  propenyl  alcohol  (glycerin),  (C5Hj)(0H)j: 

2(C,H,)(0H),    +     P,I,    »    2C,H,I    +     2P(0H),    +     I,. 

The  allyl  iodide  is  next  decomposed  by  silver  oxalate,  yielding  allyl 
oxalate : 

2C,H,I    +    AggCA    =    2AgI    +     (C,H,),C,0,; 

and  the  allyl  oxalate  is  deoompoeed  by  ammonia,  yielding  oxamide, 
CaOj(NH,)„  and  allyl  alcohol : 

(C,H5),C,0,    +    2NH,    s    (CA)(NH,),    +    2C,H,(0H). 

Allyl  alcohol  is  a  colorless  liquid,  having  a  pungent  odor  and  a  spirituotis 
burning  taste.  It  mixes  in  all  proportions  with  water,  common  alcohol, 
and  ether ;  boils  at  103O  C.  (217.4P  P.);  burns  with  a  brighter  flame  than 
common  alcohol. 

Allyl  alcohol  is  a  primary  alcohol,  similar  in  all  its  ordinary  reactions 
to  ethyl  alcohol.  By  oxidation  in  contact  with  platinum  black,  or  more 
quickly  by  treatment  with  potassium  diohromate  and  sulphuric  acid,  it  is 
converted  into  acrylic  aldehyde  (acrolein),  C,H/),  and  acrylic  acid,  CjH^O^ 
compounds  related  to  it  in  the  same  manner  as  oommon  aldehyde  and  acetic 
acid  to  ethyl  alcohol.  Heated  with  phosphoric  oxide,  it  yields  allylene, 
C^H^.  With  potassium  and  sodium  it  yields  substitution-products.  Strong 
sulphuric  acid  converts  it  into  allyl-sulphuric  acid.  With  the  bromides 
and  chlorides  of  phosphorus  it  yields  allyl  bromide,  C^H^Br,  and  allyl 
chloride,  C5H4CI. 

Allyl  Bromides. — ^The  monchromide,  C^H^Br,  prepared  as  just  mentioned, 
or  by  distilling  propene  bromide,  CgRgBrj,  with  alcoholic  potash,  is  a  liquid 
of  specific  gravity  1.47,  and  boiling  at  620  C.  (143.eo  p.).  A  tribromide 
of  aitylf  C,Hi^Br,,  is  obtained  by  adding  bromine  to  the  mono-iodide  in  a 
vessel  surrounded  by  a  freezing  mixture.  It  is  a  liquid  of  specific  gravity 
1.436  at  230  C.  (73.40  p.),  boiling  at  21 7©  C.  (422.60  p.),  and  solidifying 
when  cooled  below  KP  C.  (50O  p.).  It  is  isomeric  with  propenyl  bromide 
or  tribromhydrin,  obtained  by  the  action  of  phosphorus  pentabromide  on 
glycerin. 

A  diallyl  tetrahromide,  C^HjoBr^,  is  formed  by  the  direct  combination  of 
diallyl  (p.  513),  with  bromine ;  it  is  a  crystalline  body,  melting  at  370  C. 
(98.60  P.). 

Alltl  Iodides. — ^The  mono-iodide^  C^Hgl,  obtained,  as  above  described, 
by  distilling  glycerin  with  phosphorus  tetriodide,  is  a  liquid  of  specific 
gravity  1.780  at  16©  C.  (60.8°  p.),  and  boiling  at  lOOO  C.  (212°  P.).  It 
is  decomposed  by  sodium,  with  formation  of  diallyl,  C«H]q.  By  the  action 
of  zinc  or  mercury  and  hydrochloric  or  dilute  sulphuric  acid,  i*  is  con- 
verted into  propene  (or  allyl  hydride): — 

2C,H5l    4-    Zuj    4-     2Ha    =    Zna,    +     Znl,    +     2CjH,. 

Diallyl  tetriodide^  Q^-^Ji^^  is  a  crystalline  body  obtained  by  dissolving 
iodine  in  diallyl  at  a  gentle  heat. 

Alltl-sulphitric  Acid,  (Cjnj)!^©^,  is  produced  by  adding  allyl  alcohol 
to  strong  sulphuric  acid.  The  solution,  diluted  with  water,  and  neutral- 
ized with  barium  carbonate,  yields  barium  allyl-sulphate,  (G,H()2Ba(S04)^ 

Alltl  Oxide,  (C,H5)jO,  is  produced  by  the  action  of  allyl  iodide  on 
X>otassium  allyate  (the  gelatinous  mass  obtained  by  dissolving  potassium 
in  allyl  alcohol): — 

CjHjOK    +     C,HJ    =    KI    +     (C,H5),0. 
It  is  a  colorless  liquid,  boiling  at  82P  C.  (179.60  P.). 
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Alltl  Sulfhidb,  (CsHg)2S.— This  compound  exists,  together  with  a  small 
quantity  of  alljl  oxide,  in  volatile  oil  of  garlic,  and  is  formed  artificially 
by  distilling  allyl  iodide  with  potassium  monosulphide  : — 

2C,HJ    +     K,S    «    2KI    +     (C,H5),S. 

To  prepare  it  firom  garlic,  the  sliced  bulbs  are  distilled  with  water,  and 
the  crude  oil  thus  obtained — ^which  is  a  mixture  of  the  sulphide  and  oxide 
of  allyl — ^is  subjected  to  the  action  of  metallic  potassium,  renewed  until  it 
is  no  longer  tarnished,  whereby  the  allyl  oxide  is  decomposed,  after  which 
the  sulphide  may  be  obtained  pure  by  re-distillation.  In  this  state  it 
forms  a  colorless  liquid,  lighter  than  water,  of  high  refractive  power,  pos- 
sessing in  a  high  degree  the  peculiar  odor  of  the  plant,  and  distilling  with- 
out decomposition.  Allyl  sulphide,  dissolved  in  alcohol  and  mixed  with 
solutions  of  platinum,  silver,  and  mercury,  gives  rise  to  crystalline  com- 
pounds, consisting  of  a  double  sulphide  of  allyl  and  the  metal,  either 
alone  or  mixed  with  a  double  chloride. 

Volatile  Oil  of  Mustard^  consisting  essentially  of  allyl  isothiocyanate, 
CjHg.CNS,  is  described  in  connection  with  the  thiocyanic  ethers  (p.  647). 

Allyl  Hydrosulphide,  or  Allyl  Mercaptan,  C^HjCSH),  obtained 
by  distilling  allyl  iodide  with  potassium  hydrosulphide,  is  a  volatile  oily 
liquid,  having  an  odor  like  that  of  garlic  oil,  but  more  ethereal,  boiling  at 
9(P  C.  (I940  F.).  It  attacks  mercuric  oxide  like  ethyl  mercaptan,  forming 
the  compound  Ug(CsH5)2S,. 


CUa( 
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The  diatomic  alcohols  are  derived  from  saturated  hydrocarbons  by  sub- 
stitution of  two  equivalents  of  hydroxyl  for  two  atoms  of  hydrogen,  and 
may  therefore  be  regarded  as  compounds  of  bivalent  radicles  with  two 
equivalents  of  hydroxyl :  ethene  alcohol,  for  example,  may  be  represented 
by  either  of  the  formuls  : — 

CHjOH  ^-^H 

.OH  ^^*^ 

CH, 

the  first  representing  it  as  a  derivative  of  ethane,    I       ;   the  second  as  a 

CH, 
compound  of  ethene,  CjH4,  with  hydroxyl,  or  as  derived  from  a  double 
molecule  of  water,  H,(OH)„  by  substitution  of  ethene  for  two  atoms  of 
hydrogen. 

The  diatomic  alcohols  of  the  fatty  group,  called  glycols,  are  repre- 
sented by  the  general  formula — 

CnH^-fA  or   (C,H^)(OH),  . 

They  may  be  regarded  as  compounds  of  defines  with  two  equivalents 
of  hydroxyl.     The  following  are  known  : — 

Ethene  alcohol       ....        C^He  0,    =    CjH^  (OH), 


Propene  alcohol     . 
Tetrene  or  Butene  alcohol 
Pentene  or  Amylene  alcohol . 
Octene  alcohol 


CjHgO,  =  C3H,(0H), 

C4H,oO,  =  CJlgCOH), 

C^HjA  =  CjHjoCOH), 

CjHuO,  =  CgHjeCOIl), 
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The  glycols  are  formed  by  the  following  processes : — 

1.  By  combining  an  olefine  with  bromine  ;  treating  the  resulting  dibro- 
mide  with  an  alcoholic  solution  of  potassium  acetate,  or  with  silver  ace- 
tate, whereby  it  is  converted  into  a  diacetate  of  the  olefine ;  and  decom- 
posing this  compound  with  solid  potassium  hydroxide,  whereby  potajssium 
acetate  and  a  diatomic  alcohol  are  formed,  the  latter  of  which  may  be  dis- 
tilled off  :-^ 

CHjBr  CH,OC,H,0 

i  +    2AgOC,H,0  =    2AgBr    +      j 

CHjBr  CHjOCjHjO 

E^hene  bromide.     Silver  acetate.  Ethene  dUcetate. 

CILOC,H-0  CH,OH 

I  +    2K0H    =    2K0CgH,0    +      I 

CafiCJlfi  CH,OH 

Ethene  diftcetate.      PotAssfum  Potasaium  Ethene 

hydroxide*  acetate.  alcohoL 

2.  By  combining  an  olefine  with  hypochlorous  acid,  and  treating  the 
resulting  compound  (a  chlorhydrin)  with  moist  silver  oxide : 

CH,  CH.Cl 

I  +  ClOH  »  I 

CH,  CH.OH 

Ethene.  Ethene 

chlorhydrin. 

CH,a  CHjOH 

I  +    AgOH    =s   AgCl    +      I 

CHjOH  CHjOH 

Properties. — ^The  glycols  are  colorless,  inodorous,  more  or  less  viscid 
liquids,  having  a  sweetish  taste,  freely  soluble  in  water  and  alcohol ;  ethene 
alcohol  is  but  sparingly  soluble  in  ether ;  the  rest  dissolve  easily  in  that 
liquid. 

The  chemical  reactions  of  the  glycols  have  been  studied  chiefly  in  the 
case  of  ethene  alcohol.  They  are,  for  the  most  part,  similar  to  those  of  the 
monatomic  alcohols :  but  inasmuch  as  the  glycols  contain  two  atoms  of  re- 
placeable hydrogen,  or  of  hydroxyl,  the  reactions  generally  take  place  by- 
two  stages,  yielding  two  series  of  products. 

1.  Kthene  alcohol  treated  with  nitric  acid  gives  up  2  or  4  atoms  of  hydro- 
gen in  exchange  for  oxygen,  and  is  converted  into  glyoollic  acid, 
CjH^O,,  or  oxalic  acid,  C^H^Oi,  according  as  the  action  takes  place  at 
ordinary  or  at  higher  temperatures ;  thus : 

CHjOH  CBLOH 

I  -h      0,      =      H,0        +         I 
CH,OH  COOH 

and 

CHjOH  COOH 

J  +      0,      «    2H,0        +         I 
CH^OH  COOH 

Under  certain  circumstances  the  corresponding  aldehydes  are  also  pro- 

COH 
dnced,  asglyoxal,   I       ,  from  ethene  alcohol,  by  removal  of  four  hydro- 

COH 
gen-atoms  without  substitution. 

2.  Iht€usiwn  and  sodium  eliminate  one  or  two  atoms  of  hydrogen  from  the 
glycols,  and  form  substitution-products.    Kthene  alcohol  is  strongly  at. 
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tacked  by  sodiam,  yielding  sodium  ethenate,  C,H(NaO, ;  and  this 
oompound,  fused  with  excess  of  sodium,  is  converted  into  d  is  odium 
ethenate,  CjH^NajO,.  These  compounds,  treated  with  monatomio  alco- 
holic iodides,  yield  the  alcoholic  ethers  of  the  glycols ;  thus  : 

CHjOCjHj 
+      CjHjI        =8        Nal        + 


CH,ONa 

I 

CHaOH 

Sodium 

ethenate. 

CHjONa 


A 


;HjONa 
Disodlum 
ethenate. 


+     2C,H6l        =a        2NaI      + 


CHjOH 

Ethyl 

ethenate. 

C1I,0C,H. 

I 
CHjOCjHk 

Diethyl 
ethenate. 


8.  Oxygen  acids^  heated  with  glycols  in  closed  vessels,  act  upon  them  in 
the  same  manner  as  upon  the  mouatomic  alcohols,  converting  them  into 
ethereal  salts  or  compound  ethers,  mono-acid  or  di-aoid,  accord- 
ing to  the  proportions  used.  In  the  di-acid  glycol -ethers,  the  two  radicles 
by  which  the  hydrogen  is  replaced  may  belong  either  to  the  same  or  to 
different  acids,  e.  ^., 


CH,OH 

I 

CHjOH 
Ethene 
alcohol. 

CH-OH 

I 

CH,OH 
Ethene 
alcohoL 

CH,OH 


-f     HOCjHjO 


H,0     + 


Acetio 
add. 


+    2H0CjH,0  «=  2H,0     +      \ 


CHjOH 

ClIjOCjHsO 
Ethene  mono- 
acetate. 

CHjOCaHjO 


Acetio 
acid. 


i 


JHjOCjH.O 
Ethene 
mono-acetate. 


+       HOC^H^O   s=    H,0     -I- 


CHoOCaHjO 

Ethene 
dlaoetate. 

CILPCJI^O 


i 


Butyric 
acid. 


HjOCjHjO 
Ethene 
butyraoetate. 


The  halotdcunds  (HCl  and  HBr)  act  in  the  same  manner  as  oxygen-acids, 
excepting  that  the  reaction  never  goes  beyond  the  first  stage  ;  e,  g.f 


CHjOH 


i 


H,OH 
Ethene 
alcohol. 


-f       HCl 


Hj,0 


CH.Cl 

I 

CHjOH 

Ethene 

chlorhydrin. 


With  hydriodic  add,  a  further  action  generally  takes  place,  resulting  in 
the  separation  of  iodine,  and  the  formation  of  an  define  ;  thus  : 


CH,I— CHjOH    +     IH    =    CjH^    -f 


HgO 


+     I.. 


The  monochlorhydrins,  etc.,  of  the  glycols  (haloM  hydrins) ,  are 
also  produced,  as  above  mentioned,  by  direct  addition  of  hypochlorous  acid 
to  the  defines.  When  treated  with  nascent  hydrogen,  they  are  converted 
into  monatomio  alcohols  ;  e.  g., 

CjH^Cl(OH)     -f     H,    =    HCl    -f     C,H.5(0H). 
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,    When  h«ated  wiUi  metallic  salts  thej  fbnn  moDo-acid  ootnpoiind  ethen : 
CH,Cl  CBJXM.0 

I  +    C^,O.OK    =    Ka    +      I 

CH,.OH  CH^OH 

EtbcH  PotuilDM  EtGena 

•hlorhydrlo.  acclate.  Banoaoetale. 


CHjCl 

CHjOH  ...  ^v^;g^ 

«  oxides  are  isomeric  with  the  sldehydM  and  ketonES. 


I    ■  +     KOH    =    KCl    +     H,0    +    0<Z  ■ 

■■"""  ^-CH- 


Tha  dichlorinated  etiiers,  etc.  (haloid  dihjdrins),  prodaoed,  u 
already  observt^.  bjr  direct  (nmbinatioD  of  chlorine,  bromine,  and  iodine, 
with  theoleSniffl  (p.  516),  majal«>  be  formed  by  the  action  of  the  chlorides, 
brumides,  and  iudides  of  phoapborua  on  the  glyoola  ;  e.  g,, 

C,H,(OH),     +    2PC1,    =    2roa,    +    2Ha     +     C,HjCl,. 

Methene  aljcol.  CH,<OU},  U  not  known,  and  in  alt  probability  can- 
not eiiKt.  k  appears  indeed  that  a  single  cartion-alom  is  not  capable  of 
attracting  to  itself  more  than  one  bydroiyl  group  ;  and  in  reactions,  where 
inch  di  hydroxy  I -compoands  might  be  espeeted  to  arise,  water  is  separate, 
and  the  corresponding  oxides  (i.  «.,  aidehvdea)  are  actually  produced. 
Thns,  on  heating  ethidene  dichloride,  CHy-^lK.'l,,  with  ailver  acetate,  add 
distilling  the  resulting  acetic  ether  with  potash,  the  product  obtained  is 
not  ethidene  glycol,  Cllj— CU(01I)„  hut  the  products  of  its  deooraposition, 
namely,  water  and  aldehyde,  CH^'HO. 

Ellient  of  methene,  or  of  metbene-glycol,  hare,  however,  been  produoed. 
The  haloid  ethers,  CiJ,!,,  etc.,  have  already  been  described  (p.  SIS). 

Methone  Dimethylato,  CIT,(OCH,}„  also  called  ilahylal  and  Fomal,  is 
formed  by  the  oxidation  of  melhyJ  alcohol  with  mangannte  dioxide  and 
sulphnrio  acid.  it  is  an  ethereal  liquid,  baring  a  speciflo  gravity  of 
0.855,  and  boiling  at  42°  C.  (107.<iC>  F.).  It  mixes  readily  with  «loohol 
and  ether,  and  dissolrce  in  three  parts  of  water. 

M«tta«ne  DUoetate,  CH,(OC,H,0)„  formed  by  the  action  of  methen« 
iodide  on  silver  acetate,  is  an  oily  liquid,  heavier  than  water,  and  boiling 
at  niJO  C.  (3380  F,).  It  is  insoluble  in  water,  and,  when  boUed  with 
alkalies,  Is  converted  into  methene  oxide- 
Methane  Ozlda,  CH,0,  Isomeric  with  formic  aldehyde,  H.CHO,  ia 
produo^  by  the  action  of  oxide  or  of  oxalate  of  silver  on  methene  iodide, 
in  the  latter  cose  with  evolution  of  carbon  monoxide  and  dioxide  : 

+     C,OjAg,    =    CH,0    +     CO,    +     CO    +     2AgI. 

le,  however,  oonsistii,  not  of  CHjO,  bnt  of  the  polymeric  com- 
,0„  which  collects  in  the  receiver  as  a  crystalline  mass,  soln- 
■,  alcohol,  and  ether,  melting  at  15!iO  C.  (305.6°  F.>,  and  sub- 
r  lOOO.  The  density  of  its  vapor  is  1.06  referred  to  air,  or  15 
lydrogen  as  unity ;  and  as  this  is  half  the  molecnlar  weight 
by  the  formula  CH,0  (12+2+16  =  30),  it  follows  that  this 
■cctly  represents  the  raoleonle  of  the  compound  in  the  state  of 
the  other  hand,  the  solid  oompouitd,  when  troatud  with  hydro- 
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gen  snlphide,  is  converted  into  methene  sulphide,  a  body  which 
melts  at  2180  C.  (4240  F.),  sublimes  easily,  and  yields  a  vapor  whose 
density  (69  referred  to  hydrogen),  shows  that  the  molecule  of  this  com- 
pound is  not  CH^,  but  CjH,S,.     (??-tidL??=69^ .     Hence  it  is  inferred 

that  the  oxide  from  which  it  is  formed  has  also,  in  the  solid  state,  the 
constitution  represented  by  the  formula  CqHqOj,  or  (€112)503  . 

SO  FT 

Methene-dlBulphonio  or  Methlonic  acid,  ^Hs<Cso'h  *  ^'^'^^  ^y 

the  action  of  fuming  sulphuric  acid  on  acetamide  or  acetonitril  (methyl 
cyanide,  GUg.CN  ;  see  below),  crystallizes  in  long  deliquescent  needles.  It 
is  very  stable,  not  being  altered  by  boiling  with  nitric  acid.  The  barium- 
salt,  CH,(SO,).jBa  4-  2&3O,  forms  nacreous  laminae,  sparingly  soluble  in 
water  ;  it  is  precipitated  from  the  aqueous  solution  of  the  acid  by  barium 
chloride. 

Methene-hydrinsnlphonio  acid,  CII,<[[^q  ^  ,  or  Oxi/methyl-sulphonic 

acidy  is  obtained  by  acting  on  methyl  alcohol  with  sulphuric  anhydride, 
and  boiling  the  product  with  water.  It  crystallizes  with  difficulty,  and  is 
moderately  stable.     Its  barium  salt  crystallizes  in  small  anhydrous  tables. 

.•SO  H 
Stilphacetlc  acid,  CH2<[^q*wt   (Methene  carbonyl-sulphonic  acid),  is 

the  first  product  of  the  action  of  sulphuric  acid  on  acetamide  or  acetoni- 
trU: 

I     '        +    2S0,H,    «     (NHJHSO,    +     CH,<^^»5 

Acetamide.  Acid  Ammonium  Sulphacetic 

sulphate.  acid. 

It  Is  also  produced  by  heating  a  mixture  of  glacial  acetic  acid  and  sulphuric 
anhydride,  and  as  a  sodium  salt  by  boiling  a  solution  of  sodium  sulphite 
with  sodium  monochlor acetate : 

T'^^    +    S03<^^    =    NaCl    +    CH,<S03Na 
CO.ONa  "*  -^v.ur*a. 

By  neutralizing  the  solution  obtained  by  the  second  process  with  lead  car- 
bonate, and  decomposing  the  solution  of  the  resulting  lead- salt  with 
hydrogen  sulphide,  a  solution  is  obtained  which,  when  concentrated,  yields 
sulphacetic  acid  in  transparent  prisms. 

Sulphacetic  acid  is  a  strong  bibasic  acid.    When  heated  with  sulphuric 
anhydride,  it  is  converted  into  methene-disulphouic  or  methionic  acid : 

CHj(S03H).C0,H    4-     SO,    =    CH,(S03H),    +     CO,. 

Hence,  also,  methionic  acid  is  obtained  as  the  ultimate  product  of  the  action 
of  fuming  sulphuric  acid  on  acetamide  or  acetonitril. 

CHjOH 
Ethene  Olycol,  CgHjO,  =  CaH^(OH) ,  =  |  ,  prepared  by  dis- 

CHjOH 
tilling  the  monoacetate  or  diacetate  of  ethene  with  caustic  potash,  is  a 
colorless  viscid  liquid,  having  a  specific  gravity  of  1.125  at  (P,  and  boiling 
at  197.50  C.  (387. 50  F.).  It  mixes  freely  with  water  and  alcohol,  but  is 
only  slightly  soluble  in  ether.  Its  reaction  with  sodium,  and  the  formation 
51 
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of  ethyl ic  ethers  hy  treating  the  resulting  sodium  derivatives  with  ethjl 
iodide,  have  been  already  described  (pp.  598,  599). 

Ethylic  Ethenate,  C2U4(OU)(OCjHj),  likewise  formed  by  direct  oombinar 
tion  of  ethene  oxide  with  ethyl  alcohol,  is  a  liquid  having  a  fragrant  odor, 
and  boiling  at  127©  C.  (260.60  F.).  The  diethylic  ether,  QfiMCMA^,  boila 
atl230C.  (253.40P.). 

Glycol  heated  with  zinc  chloride  yields  aldehyde; 

CHjOH  CH, 

I  -         H,0         =  I        . 

CHjOH  CHO 

With  phosphorus  pentachloride  it  forms  ethene  dichloride: 

C,H,(OH),    +    PClj    =    PC1,0    +    H,0    +    C,H,C1,. 

ffydriodic  acid  reduces  it  to  ethyl  iodide: 

C,H^(OH),    +     3HI    =    C,HJ    +    2H,0    +     I,. 

Ethene  Chlorhydrate  or  Ethene  Chlorhydrin,  C,H4<^^     ,  Is 

formed  by  heating  glycol  with  hydrochloric  acid,  or  by  agitating  ethene 
with  aqueous  hypochlorous  acid.  It  is  a  colorless  liquid,  miscible  with 
water,  and  boiling  at  128^  C.  (262.4^  p.).  By  oxidation  with  chromic  add 
mixture  it  is  converted  into  monoohloracetic  acid : 

C2H^(0H)C1    +    Oj    =  •  H,0    +     CjHjClO,. 

By  heating  with  potassium  iodide  it  is  converted  into  ethene  iodhy- 
drin,  0,11^(110)1,  a  viscid  liquid,  which  decomposes  when  distilled. 

Ethene  Nitrate,  C2H/NO3),,  produced  by  heating  ethene  iodide  with 
silver  nitrate  in  alcoholic  solution,  or  by  dissolving  glycol  in  a  mixture  of 
strong  nitric  and  sulphuric  acid,  is  a  yellowish  liquid,  of  specilic  gravity 
1.483  at  80  C.  (46. 4^5  F.),  insoluble  in  water,  exploding  when  heated.  By 
alkalies  is  resolved  into  glycol  and  nitric  acid. 

Ethene-Bulphurio  Aoid,  C,H^.S04H,  sbSOs<^^  q  1  ^b  produced  by 

heating  glycol  with  sulphuric  acid.  Its  barium  salt,  obtained  by  neutral- 
izing the  cooled  acid  solution  with  barium  carbonate,  is  very  soluble, 
deliquescent,  and  decomposes  when  heated  with  baryta-water  into  ethene 
and  barium  sulphate. 

Ethene  Oxide,  C,H40,  or  O^^u^  ,  isomeric  with  acetic  aldehyde,  is 

formed  by  the  action  of  caustic  potash  on  ethene  chlorhydrin.  The  action 
is  violent,  and  the  ethene  oxide  is  given  off  in  vapor,  which  may  be  con- 
densed in  a  receiver  surrounded  by  a  freezing  mixture,  and  containing  a 
few  lumps  of  calcium  chloride,  over  which  the  product  may  be  afterwards 
dried.  It  is  an  ethereal  mobile  liquid,  having  a  specific  gravity  of  0.898 
at  00,  boiling  at  13.50  C.  (56.30  F.)  (aldehyde  boils  at  21o  C,  69.80  F.), 
and  miscible  in  all  proportions  with  water  and  with  alcohol.  When 
the  aqueous  solution  is  treated  with  sodium  anudgam,  in  a  vessel  surrounded 
with  a  freezing  mixture,  the  ethene  oxide  takes  up  hydrogen,  and  is  con- 
verted into  ethyl  alcohol: 

CjH^O    +    H,    —    CgH^O. 
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Ethene  oxide  unites  with  ammonia  in  several  proportions,  forming  the 
following  basic  compounds,  all  of  which  are  syrupy  liquids  : 

Monoxethenamine CgH^O.NH^ 

Dioxethenamine (C2^4^)8-^^s 

Trioxethenamine (C2H40)3.NHg 

Tetroxethenamine (C2U40)4.NU,. 

This  character  distinguishes  ethene  oxide  from  aldehyde,  which  forms 
with  ammonia  a  crystalline  compound  not  possessing  basic  properties.  A 
further  distinction  between  these  two  isomeric  bodies  is,  that  aldehyde 
forms  crystalline  compounds  witli  the  acid  sulphites  of  the  alkali-metals, 
a  property  not  possessed  by  ethene  oxide. 

Ethene  oxide  is  a  powerful  base,  uniting  directly  with  addsy  precipitat- 
ing magnesia  from  a  solution  of  magnesium  chloride  at  ordinary  tempera- 
tures, and  ferric  oxide  and  alumina  from  their  saline  solutions  at  lOliO  C. 

(212°  F.).     With  hydrochloric  acid,  it  forms  ethene  chlorhydrin,  C^U^K^^i^ 

and  with  acetic  acidf  ethene  acetohydrin,  C2H4<Q;„'*   •     .     It  also  unites 

with  water  in  several  proportions,  forming  glycol  and  the  following  com- 
pounds. 

Polyethenlo  AlcoholB. — ^These  are  bodies  which  contain  the  elements 
of  two  or  more  molecules  of  ethene  oxide  combined  with  one  molecule  of 
water,  and  may  be  regarded  as  formed  by  the  union  of  two  or  more  mole- 
cuU^s  of  glycol  (mono-ethenic  alcohol),  with  elimination  of  a  number  of 
water-molecules  less  by  one  than  the  number  of  glycol-moleculos  which 
enter  into  combination  ;  or  as  derived  from  three  or  more  molecules  of 
water,  by  substitution  of  ethene  for  the  whole  of  the  hydrogen  except  two 
atoms ;  thus : 

CjHjO,  or  (C-H J  HaO,  =  C^H^O.  HjO 

Monetnenio  alconol  Ethene 

(glycol).  oxide. 

C4H.0OS  or  (CJi^)tRfi^  =s  2CoH,0.H,0  =  2C2He02— H,0 

liiethenie  Mcohol.  Ethene  Qlycol. 

oxide. 

CjHj^O,  or  (C2H4)5Ha04  =  SC-H^CH^O  ==  SC-HeO,— 2HjO 

Triethenio  alcohol.  £tbene  Glycol. 

oxide. 

CgnjA  or  (C^HJ.HjO^  =  4C,H40.H,0  =  4C^Ufi^'-^Ufi 

Tetrethenic  alcohol.  Ethene  Glycol. 

oxide. 

C,aH4„-HA-^.  «r  (C.H,)„Hp^+^  =  nCJHjO.H.O  =  «C,H,0,--(n— 1)H,0 
n-ethenio  alcohol.  £thene  Glycol. 

oxide. 

The  polyethenic  alcohols  are  formed — 1.  By  heating  ethene  oxide  with 
water  in  sealed  tubes.  In  this  manner  Wurtz  obtained  diethenic  alcohol 
together  with  monethenic,  and  a  small  quantity  of  tri-ethenic  alcohol.  2. 
By  heating  ethene  oxide  with  glycol  in  sealed  tubes  :  this  process  yields 
the  di-  and  tri-ethenic  alcohols.  3.  By  heating  glycol  with  ethene  bro- 
mide in  sealed  tubes  to  100O-120O  C.  (*212Cl.2480  F.).  The  first  products 
of  this  reaction  are  diethenic  alcohol,  ethene  bromhydrin  and  water  : 

3(C,H4)H„0,  4-  C-H.Br,  »  (C,H,)2H,03  +  2CC.,H,)Br(0H)  -f  H,0; 
Monetheaio  ethene  Dipthenlo  Ethene  brom- 

alcohol.  bromide.  alcohol.  hydrin. 
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and  the  other  poljethenio  alcohols  are  formed,  each  from  the  one  next 
below  it  in  the  series,  by  the  action  of  ethene  bromhydrin,  according  to 
the  general  equation : 

(C,H,)„H,0„^.i    +     (C,H,)Br(OH)    =    (C,H,)„+iH,0.+,    +    HBr. 

The  hydrobromic  acid  thns  formed  then  acts  on  the  excess  of  glycol  pre- 
sent, reproducing  ethene  bromhydrin,  and  thus  the  action  is  continued. 
By  this  process,  the  2-,  3-,  4-,  5-,  and  6-ethenic  alcohols  have  been  ob- 
tained and  separated  by  fractional  distillation  ;  and  when  a  sufficient  ex- 
cess of  glycol  is  present,  the  temperature  being  kept  between  IICP  C. 
(23(P  F.)  and  12(P  C.  (2480  F.))  still  higher  members  of  the  series  are 
produced. 

The  polyethenio  alcohols  are  syrupy  liquids,  becoming  more  viscid  as 
their  molecular  weight  increases  :  their  boiling  point  rises  by  about  45<^ 
C.  (810  F.)  for  each  addition  of  CjH^O. 

Diethenic  alcohol,  C^HjoO,  or  (CjHJjHjO,,  boils  at  about  2450  C.  (573©  F.)  ; 
the  density  of  its  vapor  is  3.78  (air  =  1);  by  calculation  it  should  be  3.67, 
so  that  it  exhibits  the  normal  condensation  to  two  volumes.  By  contact 
with  platinum  black,  or  by  treatment  with  nitric  acid,  it  is  oxidized  to 
diglyoollic  acid,  C^H^Oj,  an  acid  isomeric  with  malic  acid,  and  formed 
from  diethenic  alcohol  by  substitution  of  O  for  H„  just  as  glycoUio  acid, 
CjH^Os,  is  formed  from  monethenio  alcohol,  C^U^O,.  Triethenic  alcohoi, 
CJH14O4,  or  (CjH^),!!,©^,  is  oxidized  in  like  manner  to  ethene- di gly- 
col lie  acid,  CfUi^O^. 

Ethene  Hydroeolphlde  or  Thiohydrate. — Ethenic  or  glycolic  mercap- 
tan,  CjH4(Sll)2,  formed  by  the  action  of  eth(»no  bromide  on  an  alcoholic 
Bolutiou  of  potassium  hydrosulphide,  is  a  colorless  oil,  of  specific,  gravity 
1.12,  boiling  at  146°  C.  (294.80  F.),  insoluble  in  water,  soluble  in  alcohol 
and  ether.  With  lead  acetate  it  forms  a  yellow  precipitate  consisting  of 
CsH^SgPb,  and  similar  compounds  with  other  metallic  salts. 

Ethene  Sulphide,  C^H^S,  formed  by  the  action  of  ethene  bromide  on 
potassium  suipliide  in  alcoholic  solution,  is  a  crystalline  body,  melting  at 
1100  C.  (230O  F.),  and  boiling  at  200©  C.  (3920  F.).  Its  vapor-density 
(U  =  1)  is  60,  showing  that  its  molecular  formula  is  (C^II^)^,*     ^^  ^^~ 

stitution  is  therefore  C,H4<^]^Cj,H4  . 

Ethene  Hydrozysnlphide  or  Monothlo-hydrate,  C,H4(0H)(SH), 
formed  by  the  action  of  ethene  chlorhydrin  on  potassium  hydrosulphide, 
is  a  liquid  of  similar  properties,  and  forms  salts  in  which  half  the  hydro- 
gen is  replaced  by  a  metal.    Nitric  acid  oxidizes  it  to  isethionio  acid, 

Ethene-snlphonlo  Aoida. — Ethene-disulphonic  acid, 

C,H4<^Q*jj  ,  is  formed  by  oxidation  of  ethene  hydrosulphide,  C,H4(SII)„ 

and  ethene  thiocyanate,  C,H4(CNS),  ;  by  the  action  of  fuming  sulphurio 
acid  on  alcohol  or  ether  ;  and  by  boiling  ethene  bromide  with  a  strong  so- 
lution of  potassium  sulphite  : — 

C,H,Br,    +    2(KS0,.0K)    «    2KBr     +    C,H,<|^«;^|  . 

It  forms  a  thick  liquid,  very  soluble  in  water,  difficult  to  crystallize  ;  the 
crystallized  acid  melts  at  940C.  (201 .20  F.).  The  barium  salt,C,H4(S0,),Ba, 
crystallizes  from  water  in  six-sided  tables. 
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JEtkene-hydriniulphonic  acid,  or  Isetkionic  acid.  CoH4-<^,v  „  • 
isomeric  with  ethylsulpharic  acid,  SOj<^^  „  ,  ia  produced  bj  the  oxi- 
dation of  ethene  mono-thiohydrate,  CjH^k^ij  ,  with  nitric  acid ;  by  tho 
action  of  nitrous  acid  on  taurine : — 

CA^&    +    "°'^     =     N.    +    H,0    +     C.H.<^^^. 
by  heating  ethene-chlorhjdrin  with  potassium  sulphite  :•— 

and  by  boiling  ethionic  acid  with  water  (p.  606). 

When  vapor  of  sulphuric  anhydride  is  passed  into  well-cooled  alcohol  or 
ether,  and  the  product  is  boiled  with  water  for  several  hours,  a  solution  is 
formed,  containing  ethionic,  sulphuric,  and  a  small  quantity  of  methionic 
acid :  and  on  saturating  this  liquid  with  barium  carbonate,  filtering  from 
barium  sulphate,  and  leaving  the  filtrate  to  cool,  methionate  of  barium 
crystallizes  out  first,  and  afterwards  the  isethionate. 

Isethionic  acid  is  a  viscid  liquid,  which  does  not  easily  crystallize  :  it  is 
not  decomposed  by  boiling  with  water.  Its  salts  are  stable,  and  crystal- 
lize well.  The  ammonium  salt  crystallizes  in  rhombic  plates  melting  at 
190O  c.  (3740  F.);  when  heated  to  210-220O  C.  (410-428O  p.),  it  is  con- 
verted into  amidethylsulphonic  acid  or  taurine: — 

By  the  action  of  phosphorus  pentachloride  on  isethionic  acid  or  its  salts, 
the  chloride,  CjH^Cl.SOjCl,  is  formed,  as  a  liquid  which  boils  at  200O  C. 
(3920  p.),  and  is  converted  by  boiling  with  water  into  ohlorethylsul- 
phonio    acid,  CjH^Cl.SOjH. 

Taurine,  CjH^CNHj)  .SO3H,  occurs  in  combination  with  cholic  acid  (as 
taurocholic  acid),  in  the  bile  of  oxen  and  other  animals,  and  in  various 
other  animal  secretions.  It  may  be  prepared  by  boiling  taurocholic  acid 
with  an  alkali  : — 

C^H^NSO,    +    H,0    =    C,.H^O.    +     C,H,NSO, 
Taurocholic  add.  Obolio  acid.  Taurine. 

It  is  formed  artificially,  as  already  observed,  by  heating  ammonium  ise- 
thionate to  230O  C.  (4460  P.);  also  by  heating  chlorethylsulphonic  acid 
with  aqueous  ammonia. 

Taurine  crystallizes  in  large  monoclinic  prisms,  easily  soluble  in  hot 
water,  insoluble  in  alcohol,  melting  and  decomposing  at  about  240O  c. 
(4640  p.^.  It  forms  salts  with  alkalies,  and  dissolves  in  acids,  but  sepa- 
rates from  the  solution  unaltered. 

Taurine  is  not  decomposed  by  boiling  with  acids  or  with  alkalies,  but 
by  fusion  with  potassium  hydroxide  it  is  decomposed  in  the  manner  shown 
by  the  equation  : — 

C,H/NH,).S03K  -f  2K0H  «  CaHjKOj  -f-   SO,K,  +  NH,  +   H,  . 

Nitrous  acid  converts  it  into  isethionic  acid. 

Ethionic  acid  and  Anhydride , — The  anhydride, CjH^SjOj,  formerly 
called  svdphaie  of  carbyl,  is  formed  by  passing  the  vapor  of  sulphur  trioxide 

51* 
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into  anhydrous  alcohol ;  also  bj  direct  nnion  of  ethene  with  salphor  tri- 
oxide.  It  is  a  very  deliquescent  crystalline  mass,  which  melts  at  80^  C. 
(17(PF.)*  It  readily  takes  up  the  elements  of  water,  and  is  converted  into 
ethionic  acid,  C,U^Of  : — 

C,H.<^^.>0    +    HOH     =    C,H,<^^'-^H. 
Anhydride.  Acid. 

Ethionio  acid,  having  one  of  its  sulphur-atoms  connected  with  a 
carbon-atom  directly,  the  other  only  through  the  medium  of  oxygen,  acts 
both  as  a  sulphonio  acid  and  as  an  acid  ether  of  sulphuric  acid  ;  it  is 
therefore  bibasic.  Both  the  free  acid  and  its  salts  are  resolved  by  boiling 
with  water  into  sulphuric  and  isethionic  acids : — 

<^H«<Su^    +    H,0     «     SOA    +    CA<E?H  • 


BTHIDENB     COMPOUNDS. 

Ethidene  dichloride^  CHj — CHCl,,  has  already  been  described  (p. 
518).    The  oxide^  CH, — CHO,  is  ordinary  aldehyde  (see  Aldbhtdbs). 

Ethidene  Dimethylate,  CH, — CH(OGH3)2,  occurs  in  crude  wood- 
spirit,  and  is  formed  in  the  oxidation  of  a  mixture  of  methylic  and  ethylio 
alcohols  ;  also  by  heating  aldehyde  with  methyl  alcohol.  It  is  a  colorless 
ethereal  liquid,  having  a  specific  gravity  of  0.8555,  and  boiling  at  650  C. 
(149  F.). 

Ethidene  Methyl-ethylate^  CH, — CH<^J;i' „',  formed  simultane- 
ously with  the  preceding  by  the  oxidation  of  a  mixture  of  methyl  and 
ethyl  alcohol,  boUs  at  85©  C.  (1850  F.). 

Ethidene-Diethylate,  OT  Acetal,  CHj — CH(OC,Hj)„  isomeric  with 
ethene  diethylate,  is  formed  by  oxidation  of  ethyl  alcohol,  and  is  found 
among  the  first  portions  of  the  distillate  obtained  in  the  preparation  of 
ordinary  spirit.  It  is  formed  also  by  the  action  of  sodium  ethylate  on 
ethidene  dichloride,  and  by  heating  aldehyde  with  alcohol  to  lOQO  in 
sealed  tubes : — 

CH,— <;H0    4-     2(CjH50H)    =    H,0    -f     CH,— <;H(OCaHj),. 

It  is  a  liquid  smelling  like  alcohoT,  having  a  specific  gravity  of  0.821  at 
220  C.  (71.60  F.),  boiling  at  104O  C.  (219.20  F.).  WHh  chlorine  it  yields 
mono-,  di-,  and  trichloracetal. 

Ethidene- sulphonic  acirf«.— The  relation  of  these  somewhat  un- 
stable acids  to  their  isomerides,  the  ethene-sulphonio  acids,  is  shown  by 
the  following  formulie  :-^ 


CH-.OH  ^UU 

I  CH,.CH<; 

CII,.SO,H  ^«0,H 

Isethionic  acid,  Ethldcne-oxyBulphonio 

acid. 

CH».SO,H  ^0,H 

I  CH,.CH<; 

CH,.S02H  ^S03H 

Ethene-diBulphonio  Ethidene^itulphoaio 

APid,  acid. 


j 
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Ethidene-disulphonic  addf  CH,.CH(SO,H)„  asidEthidene-chlorosulphonic  acid, 

CH3.CH<^i  rj  I  are  formed  by  heating  ethidene  dicliloride  (p.  518)  with  an 

aqueons  eolation  of  neutral  sodium  sulphite  to  about  140O  C.  (284^  F.). 
The  former  is  very  unstable  ;  the  latter  is  moderately  stable,  and  forms 
well-crjatallized  salts  :  its  sodium  salt  crystallizes  in  nacreous  laminiB. 


Fropene  Glycols,  CjHgO,  t=s  CjHjCOH),. — ^There  are  two  of  these 
diatomic  alcohols,  represented  by  the  following  formulae  : — 

CHj  CH,.OH 


;hoh  ch, 

I 
;h,oh  ch,.oh 

Propene  glycol.  Trimethene  glycol. 


They  are  analogous  to  the  second  and  fourth  modifications  of  the  diatomic 
haloid  derivatives  of  propene,  already  described  (p.  518).  Glycols  analo- 
gous to  the  first  and  third  of  these  derivatives,  viz.,  CHj, — CHj — CX,  and 
CHj — CX, — CHj,  are  not  known,  and  probably  cannot  exist,  since  it  ap- 
pears, as  already  noticed,  that  two  hydrozyl  groups  cannot  be  attached  to 
one  oarbon-atom. 

Propene  glycol  is  formed  by  heating  the  corresponding  bromide, 
CHg — CHBr — CHjBr,  with  silver  acetate,  and  the  resulting  acetic  ether 
with  potash  ;  also  by  heating  propene  chloride  with  water  and  lead  oxide. 
It  is  a  colorless  oily  liquid,  having  a  sweet  taste,  a  specific  gravity  of 
1.051  at  OO,  and  boiling  at  188Q-1890  C.  (370.40-372. 20  F.).  In  contact 
with  platinum  black  it  is  oxidized  to  lactic  acid: — 

CHj— CHOII— CHjOH  +  O,  =  H,0  +   CH,— QHOH— COOH . 

Heated  to  lOOO  with  strong  hydriodic  acid,  it  gives  paeudopropyl  iodide, 
CHg — CHI — CHj.  Phosphorus  pentachloride  converts  it  into  propene 
dichloride,  CH,— CHCl— CH,C1. 

Propene  chlorhydrin,  CHj — CHOH — CH^Cl,  is  formed  by  the  action  of 
gaseous  hydrogen  chloride  on  the  glycol,  and  by  that  of  hypochlorous 
acid  on  propene.  It  has  a  specific  gravity  of  1.302  at  0^,  and  boils  at 
1270  C.  (260.6*0  F.). 

The  corresponding  bromhydrin  boils  at  about  1460  C.  (294.80  F.). 

l-o^l 

Propene  oxide,  CHg — CH — CHj,  formed  by  the  action  of  aqueous  potash 
on  propene  chlorhydrin,  is  a  volatile  liquid,  boiling  at  350  C.  (950  F.), 
having  a  specific  gravity  of  0.859  at  OO,  easily  soluble  in  water.  Nascent 
hydrogen  converts  it  into  secondary  propyl  alcohol,  CHj — CHOH — CH,. 

Trimethene  glycol,  prepared  from  trimethene  bromide  (p.  519) ,  la 
a  thick  saccharine  liquid,  boiling  at  2120  C.  (413.60  F.). 

Bnteiie  Olycola,  C^HjoO,  tac  C4H8(OH)2. — Six  of  these  compounds 
are  theoretically  possible,  four  derived  from  normal  butane,  and  two  from 
isobutane.     Only  two  of  them,  however,  are  at  present  known,  viz  : — 

(1)  Butene  glycol,  CH,— CHOH— CHj- CH^OH,  is  formed  in  small 
quantity  by  the  action  of  sodium  amalgam  on  acetic  aldehyde  in  aqueous 
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Bolation  ;  bnt  is  best  prepared  by  leaving  a  oold  mixture  of  acetio  alde- 
hyde and  dilute  hydrochloric  acid  to  itself  for  two  or  three  days,  whereby 
the  acetio  aldehyde  is  converted  into  the  aldehyde  of  butene  glycol,  called 
aldol,  and  treating  the  latter  with  sodium  amalgam : — 

CH,— CHO    +    CH,— CHO    =    CH^— CHOH— CH,— CHO 
Acetio  aldehyde  (2  mol.).  AldoL 

and 

CHg— CHOH— CHj— CHO  +  H,    =    CH,— CHOH— CHi-^H,OH . 
A  Idol.  Bu  I  ene  glycol. 

Butene  glycol  is  a  thick  liquid,  boiling  at  204^  C.  (399.2P  F.),  miscible 
with  water  and  with  alcohol.  By  oxidation  with  nitric  acid  or  with  chro- 
mic acid  mixture  it  is  resolved  into  acetio  and  oxalic  acids,  together  with 
a  small  quantity  of  butyric  aldehyde. 

(2)  Isobuteneglycol,  (CHj)2~C0H — CH,OH,  prepared  from  the  corre- 
sponding bromide,  has  a  specific  gravity  of  1.048  at  (P,  and  boils  at  183^. 
1840  C.  (361.40-363.20  F.).  By  oxidation  with  nitric  acid  it  is  converted 
into  oxyisobutyric  acid,  (CH,)^COH— COOH. 

Isopentene  or  Amylene  Olyool,  C^HjoCOH),  =s (CH,), ss 
CH — CHOH — CHjOH,  the  only  5-carbon  glycol  known,  is  prepared  by  dis- 
tilling amylene  diacetate  with  potash,  or  by  addition  of  hydrogen  dioxide 
to  amylene.  It  boils  at  1770  C.  (350.60  p.),  has  a  specific  gravity  of  0.987 
at  OO,  and  is  converted  by  oxidation  with  nitric  acid  into  isovaleric  acid. 
The  corresponding  oxide,  CgHigO,  is  a  liquid  insoluble  in  water,  having  a 
specific  gravity  of  0.824  at  OO,  and  boUing  at  95©  C.  (203O  F.). 

Hezene  Qlyools,  CeHj2(OH)2. — Normal  hexene  glycol, 
CHfiH — (CHj)^ — CH^Oll,  from  hexene  bromide  (obtained  from  mannite, 
or  from  the  hexyl  chloride  of  American  petroleum),  has  a  specific  gravity 
of  0.967  at  OO,  and  boils  at  207©  C.  (404.6O  F.). 

Mesohexene  Glycol,    ^^-^'^CH— HC <^^2^^ ,    or    Diallyl 

8  3 

(OWi   '  ^  prepared  by  heating  diallyl  in  a  sealed 

flask  with  strong  hydriodic  acid,  converting  the  resulting  diallyl  hydriodide, 

CjH,o  i  J  *  I  into  the  diacetate,  C^Hjo  <  vX^  „  q.    ,  by  treating  it  with  silver 

acetate  suspended  in  ether,  and  dooomposing  the  diacetate  with  potash. 
It  is  a  thick,  colorless  syrup,  having  a  specific  gravity  of  0.9638  at  OO  and 
0.9202  at  650  C.  (1490  F.)  ;  boils  between  2120  c.  (413.60  F.)  and  2150  C. 
(4190  F.). 

Pin  a  cone,  (CHg),COH — COH(CH5)2,  is  formed,  together  with  pseudo- 
propyl  alcohol,  by  the  action  of  sodium  or  sodium-amalgam  on  acetone  in 
aqueous  solution : 

(CH,),CO    +    CO(CHs)a    +    H,    =    (CHj)2C0H— COH(CH,),. 

It  crystallizes  from  the  concentrated  aqueous  solution  as  a  hydrate,  C^Ht^O, 
•\-  eHjO,  in  large  square  tables  which  melt  at  42P  (107.60  F.),  and  gradually 
effloresce  in  contact  with  the  air.  The  hydrate  gives  up  its  water  when 
heated,  and  at  1710-1720  C.  (339.8Q-341.60  F.)  yields  a  distillate  of  anhy- 
drous pinacone,  which  solidifies  to  an  indistinctly  crystalline  mass,  melting 
at  380  C.  (100.4P  F.),  and  reconverted  into  the  hydrate  by  solution  in  water. 
Pinacone,  when  heated  with  acids,  is  converted  into  pinacolin,  CfHjjO 
(see  Aldbhtdbs). 
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TRIATOMIC  ALCOHOLS  AND  ETHERS. 

Triatomio  alcohols  may  be  derived  from  saturated  hydrocarbons  by  sub- 
stitution of  three  atoms  of  hydroxyl  for  three  atoms  of  hydrogen,  and  may 
accordingly  be  regarded  as  compounds  of  trivalent  alcohol-radicles  with 
three  atoms  of  hydroxyl,  or  as  compounds  derived  from  a  triple  molecule 
of  water,  H^O,,  by  substitution  of  a  trivalent  alcohol-radicle  for  three  atoms 
of  hydrogen.  The  hydrocarbons  of  the  series  CqH^-j-,  should  accordingly 
yield  a  series  of  triatomic  alcohols  of  the  form  (C„Hsq-^)(OH)„  viz.  :— 

Methenyl  alcohol CHCOH), 

Ethenyl  alcohol C,Hj(0H), 

Propenyl  alcohol CgH^COH), 

Tetrenyl  alcohol C^U/OH), 

Pentenyl  alcohol CjHjCOH), 

etc.  etc. 

Of  these,  however,  only  two  are  known,  viz.,  propenyl  aloohol,  or 
glycerin,  and  pentenyl  alcohol  or  amyl  glycerin. 

Each  triatomio  alcohol  subjected  to  the  action  of  acids,  or  of  the  chlo- 
rides, bromides,  or  iodides  of  phosphorus,  may  yield  three  classes  of  ethers, 
derived  from  it  by  substitution  of  a  halogen  element,  or  acid  radicle,  for 
part  or  the  whole  of  the  hydroxyl ;  thus,  from  glycerin  may  be  obtained 
the  three  hydrochloric  ethers,  CjHsCKOH),,  C^HjClgOH,  CjHjCl,,  and  the 
three  acetic  ethers,  C,lL(OC,H.O)  (OH),,  C.Hfi(OC,H.O)oOH,  and 
C,H5(0C,H,0),. 


Propenyl  Alcohol  or  aiycerln, 

CH,OH 
{OH  I 

CjH.Oj    =    (C,ng)JOH        or       CHOH 

(OH  I 

CHjOH 


This  compound  is  obtained  by  the  action  of  alkalies  on  natural  fats,  which 
are,  in  fact,  the  propenylic  ethers  of  certain  fatty  acids  ;  thus  stearin,  one 
of  the  constituents  of  mutton  suet,  consists  of  propenyl  tristearcUej  (Cjlij) 
(OC|gH^O),,  a  compound  derivable  from  glycerin  itself,  by  substitution  of 
Btearyl,  CjgHjjO,  for  hydrogen.  Now,  when  stearin  is  boiled  with  a  caustic 
alkali,  it  is  converted  into  a  stearate  of  the  alkali-metal  and  glycerin ;  thus : 

C,H,(OC,.H«,0),    +    3KH0    =    3K0C,,H«^0    +     C-HjCOH), 
Btearln.  PotAsslum.  Glycerin. 

gtearate. 

A  similar  reaction  takes  place  when  any  other  similarly  constituted  fat  is 
treated  with  a  caustic  alkali.  The  metallic  salts  of  the  fatty  acids  thus 
obtained  are  the  well-known  bodies  called  soaps,  and  the  process  is  called 
saponification;  this  term,  originally  restricted  to  actual  soap-making, 
has  been  extended  to  all  cases  of  the  resolution  of  a  compound  ether  into 
an  acid  and  an  alcohol,  such,  for  example,  as  the  conversion  of  ethyl  ace- 
tate into  acetic  acid  and  ethyl  alcohol  by  the  action  of  alcoholic  potash. 

Glycerin  was  originally  obtained  by  heating  together  olive  or  other 
suitable  oil,  lead  oxide,  and  water,  as  in  the  manufacture  of  conmion  lecul- 
plaster;  an  insoluble  soap  of  lead  is  thereby  formed,  while  the  glycerin 
remains  in  the  aqueous  liquid.  The  latter  is  treated  with  sulphuretted 
hydrogen,  digested  with  animal  charcoal,  filtered,  and  evaporated  in  a 
vacuum  at  the  temperature  of  air.    Glycerin  is  now  produced  in  very  large 
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qnantitj  and  i>erfect  purity  in  the  decomposition  of  fatty  snbstances  hy 
means  of  over-heated  steam,  a  process  which  Mr.  Oeorge  Wilson  has  in- 
troduced into  the  manufacture  of  candles.  In  this  reaction  a  fatty  acid 
and  glycerin  are  produced  by  assimilation  of  the  elements  of  water  ;  they 
are  carried  over  by  the  excess  of  steam  in  a  state  of  mechanical  mixture, 
which  rapidly  separates  into  two  layers  in  the  receiver.  The  reaction  ia 
exactly  similar  to  that  which  takes  place  when  a  caustic  alkali  is  used  to 
effect  the  saponification,  e.  g. : 

C,H5(0C,hHj,0),    +     3H,0    =    3HOC,8H„0    +    C,H,(OH), 
Stearin.  Stearic  acid.  Glycerin. 

Glycerin  may  also  be  produced  from  propenyl  bromide,  (C3H5)Br3,  a 
compound  formed,  as  already  observed,  by  the  action  of  bromine  on  ally] 
iodide,  C,HjI.  The  process  consists  in  converting  the  propenyl  bromide 
into  propenyl  triacetate,  (CjHjXOCjHjO),,  by  the  action  of  silver  acetate, 
and  decomposing  this  ether  with  potash.  This  mode  of  formation  must 
not,  however,  be  regarded  as  an  actual  synthesis  of  glycerin  from  com- 
pounds of  simpler  constitution :  for  the  allyl-compounds  are  themselves 
prepared  from  glycerin  (p.  596). 

Glycerin  is  a  nearly  colorless  and  very  viscid  liquid,  of  specific  gravity 
1.27,  and  boiling  at  290°  C.  (5540  F.).  When  quite  pure  and  anhydrous, 
it  crystallizes  on  exposure  to  a  very  low  temperature,  especially  if  agitated, 
as  in  railway  transport.  The  crystals  are  monoclinic,  perfectly  colorless, 
and  melt  at  15. 60  C.  (6(P  F.).*  Glycerin  has  an  intensely  sweet  taste, 
and  mixes  with  water  in  all  proportions  :  its  solution  does  not  undergo  the 
alcoholic  fermentation,  but  when  mixed  with  yeast  nnd  kept  in  a  warm 
place,  it  is  gradually  converted  into  propionic  acid.  Glycerin  has  no  action 
on  vegetable  colors.  Exposed  to  heat,  it  volatilizes  in  part,  darkens,  and 
decomposes,  giving  off,  amongst  other  products,  a  substance  called  curolein, 
CjH^O,  having  an  intensely  pungent  odor. 

Concentrated  nitric  add  converts  glycerin  into  glyceric  acid,  C^H^  O4, 
an  acid  related  to  glycerin  in  the  same  manner  as  gly collie  acid  to  glycol, 
and  acetic  acid  to  ethyl  alcohol ;  being  formed  from  it  by  substitution  of 
oxygen  for  two  atoms  of  hydrogen  in  immediate  relation  to  hydrozyl ; 
thus: 

CHjOH  CHjOH 

9  CHOH     +    0,    as    H,0    +    CHOH 

CH,OH  COOH 

Glycerin.  Glyceric  acid. 

The  formula  of  glycerin  indicates  the  possibility  of  effecting  a  second  sub- 
stitution of  the  same  kind,  which  would  yield  diglycerio  acid,  CjH^Oj,  but 
this  acid  has  not  been  actually  obtained. 

Glycerin,  treated  with  a  mixture  of  strong  nitric  and  sulphuric  acids, 
forms  nitroglycerin,  C,IL(N0g),03,  a  heavy  oily  liquid  which  explodes 
powerfully  by  percussion.  It  is  much  used  for  blasting  in  mines  and 
quarries,  but  is  very  dangerous  to  handle,  and  has  given  rise  to  several 
fatal  accidents. 

Glycerin  combines  with  the  elements  of  sulphuric  acid,  forming  a  sul- 
phoglyceric  acid,  C,HgOjSOj,  which  gives  soluble  salts  with  lime, 
baryta,  and  lead  oxide. 

Monatomic  oxygen-acids  (acetic,  benzoic,  stearic,  etc.),  heated  in  sealed 
tubes  with  glycerin,  yield  compound  ethers  in  which  1,  2,  or  3  hydrogen- 
atoms  of  the  glycerin  are  replaced  by  an  equivalent  quantity  of  the  acid 

*  Booi,  Ohem.  Soo.  J.  1876,  i.  esi. 
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radicle,  according  to  the  proportions  employed.    The  resulting  compound 
ethers  are  denot^  hy  names  ending  in  in;  thus  : 

aHjCOH),    +      HOCaHjO     =      C^llJiOE)fiC^Ufi      +    H,0 
QlyceriD.  Acetic  add.  Mono-acetln. 

aHjCOH),    +    2H0C,H,0    »    CsH^COHXOC.HaO),    +    2H,0 
Qiycerln.  Acetic  acid.  Diaoetln. 

aHjCOH),    +     3H0C,H,0    »    C,H.(0C,H30)s  +     3H,0 . 

Glycerin.  Acetic  acid.  Triacetin. 

The  glyceric  ethers  or  glycerides  thus  produced  are,  for  the  most 
part,  oily  liquids,  increasing  in  viscidity  as  the  acid  from  which  they  are 
formed  has  a  higher  molecular  weight ;  those  formed  from  the  higher 
members  of  the  fatty  acid  series,  CnH^QO^  (such  as  palmitic  and  stearic 
acids),  are  solid  fats.  Some  of  the  triacid  glycerides,  produced  artificially 
in  the  way  just  mentioned,  are  identical  with  natural  fats  occurring  in  the 
bodies  of  plants  and  animals  ;  thus  tristearin  is  identical  with  the  stearin 
of  beef  and  matton  suet :  triolein  with  the  olein  of  olive  oil,  etc. 

Hi/droc/Uoric  and  hydrobrondc  acids  act  upon  glycerin  in  the  same  manner 
as  oxygen-acids,  excepting  that  the  reaction  always  stops  at  the  second 
stage  (jvist  as  in  the  action  of  these  acids  on  the  glycols  it  stops  at  the  first 
stage).  The  ethers  thus  formed  are  called  chlohydrins,  bromhy- 
drins,  etc.,  e.  g,: 

CsH.COH),    +     HCl    =    C.H5(0H),C1    +    H,0 
Qlycerin.  Gnlorhydrin. 

CsHjCOH),    +    2HC1   =    C,H8(0H)C1,    +    2H,0 
Qlycerin.  Dichlorhydrin. 

Hydriodic  add  acts  somewhat  differently,  producing  an  ether,  C,H„IOj, 
which  may  be  regarded  as  a  double  molecule  of  glycerin,  having  four 
equivalents  of  hydroxyl  replaced  by  two  atoms  of  oxygen,  and  a  fifth  by 
iodine,  C.HjpO^COH)!. 

The  chlorides  and  bromides  of  phosphorus  act  upon  glycerin  in  the  same 
manner  as  hydrochloric  and  hydrobromic  acid,  but  their  action  goes  on  to 
the  third  stage,  prodacing  trichlorhydrin,  or  propenyl  chloride,  and  the 
corresponding  bromine-compound : 

C,H5(0H)C1,    +     PCI5    =    Pa,0    +    HCl    +    CjHsCl, 
Dichlorhydrin.  Trichlor- 

hydrin. 

Iodide  of  phosphorus  acts  on  glycerin  in  a  totally  different  manner,  yield- 
ing iodopropeue  or  allyl  iodide,  C3H5I  (p.  596). 

Monochlorhydrins,  C,H(  <  XV   \ — Of  these  compounds  there  are  two 

modifications,  viz. : 

CH..C1  CBL.OH 

I  I 

CH.OH  CHCl 

CHj.OH  CH,.OH 

Unsymmetrloal.  Symmetrical. 

The  first  is  the  chief  product  obtained  by  saturating  glycerin  with  hy- 
drochloric acid  gas,  and  heating  the  liquid  for  some  time  over  the  water- 
bath.  To  purify  it,  the  acid  liquid  is  saturated  with  sodium  carbonate, 
then  agitated  with  ether,  the  ethereal  solution  is  evaporated,  and  the  re- 
sidual liquid  subjected  to  fractional  distillation. 
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Unsymmetrical  chlorhydrin  is  a  viscid  liquid,  easily  soluble  in  water, 
alcohol,  and  ether,  having  a  specific  gravity  of  1.31,  and  boiling  at  22(>Qu 
2270  C.  (4280-440.60  F.);  converted  by  sodium  amalgam  into  ordinary 
propene-glycol,  CH,— CH(OH)— CH,OH. 

Symmetrical  chlorhydrin  is  obtained  by  agitating  allyl  alcohol  with 
aqueous  hypoohlorous  acid : 

CH,  CHjOH 

"  •  i 

I  CH  +      ClOH    =    CHCl 

CHjOH  CH,OH 

It  has  a  specific  gravity  of  1.4  at  13©  C.  (55.40  F.),  and  boils  at  230Ou 
2350  c.  (4460-4550  F.). 

Dlchlorhydrins,  CjHj  <  ^.  .—Of  these  also  there  are  two  modifications, 

VIZ.: 

CH.Cl  CH-.OH 

I  I 

CH.OH  CHa 

I  I 

CH2.CI  CH,C1 

Symmetrical.  UnsymmetrieaL 

Both  are  formed  by  heating  glycerin  with  strong  hydrochloric  acid,  the 
first,  however,  predominating.  This,  which  is  the  ordinary  modification, 
is  best  prepared  by  saturating  a  mixture  of  equal  volumes  of  glycerin  and 
glacial  acetic  acid  with  hydrochloric  acid  gas  at  lOOO  C.,  neutralizing 
the  product  with  sodium  carbonate,  and  subjecting  it  to  fractional  dis- 
tillation. It  may  also  be  prepared  by  distilling  glycerin  with  S,C1,. 
Lastly,  it  may  be  obtained  quite  pure  by  mixing  epichlorhydrin,  CjHjOCl, 
with  fuming  hydrochloric  acid. 

Symmetrical  dichlorhydrin,  or  dichlorinated psettdopropyl alcokolj 
is  a  liquid  having  an  ethereal  odor,  a  specific  gravity  of  1.383  at  190  C. 
(66.2PF.),  boiling  at  174PC.  (345.20F.),  easily  soluble  in  alcohol  and  ether, 
sparingly  in  water.  By  sodium  amalgcaa  it  is  converted  into  pseudo- 
propyl  alcohol,  CH,— CHOH — CH,,  and  by  oxidation  with  dilute  chro- 
mic acid  mixture,  into  acetone  dichloride,  CH, — CI, — CH,.  With 
potassium  cyanide  it  forms  dicyanhydrin,  CHj.CN— CH(OH)— iJHj.CN. 

Unsymmetrical  Dichlorhydrin  (commonly  called  rA/orirf6^a//y/ 
alcnhnf)  is  formed  by  addition  of  chlorine  to  allyl  alcohol,  CB^ — CH — 
CH2{(0H),  or  of  hypochlorous  acid  to  allyl  chloride  : 


CH,  CH,.OH 

if  I 

CH  +    ClOH    =    CHCl 

I 

H,a  cHjCni 


i 


It  has  a  specific  gravity  of  1.379  at  0© ;  boils  at  1820-1830  C.  (359.6Q- 
361.40  F.);  is  converted  by  metallic  sodium  into  allyl  alcohol. 

By  the  action  of  caustic  pot^ish  or  soda,  both  dlchlorhydrins  are  con- 
verted, by  abstraction  of  HCl,  into  epichlorhydrin. 

Triohlorhydrln,    Glyceryl    trichloride,   or    Aflyl   trichloride^   C,HftCl,=s 
CHjCl — CHCl — CUjCl,  is  formed  by  the  action  of  phosphorus  peutachlorido 


/ 
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on  either  of  the  diohlorhydrins  ;  also  (together  with  CHj.CHCl.CHCl,)  by 
the  action  of  iodine  chloride  on  propene  chloride,  CHg.CUCl.ClijCl ;  and 
by  chlorination  of  propene  and  of  pseudopropyl  iodide.  It  is  a  liquid 
which  smells  like  chloroform,  has  a  speciiic  gravity  of  1.417  at  150  C. 
(50O  P.),  and  boils  at  1580  C.  (316.4P  P.).  Heated  with  solid  potassium 
or  sodium  hydroxide,  it  forms  dichloroglyoide,  CU,i=CCl-^H,Cly 
boiling  at  94^  G.  (201.2P  P.).  Heated  with  sulphuric  acid,  it  forms  mono- 
ohloraoetone,    CHj— CO— CH^Cl. 

Bromhydrlns.  —  Monobromhydriny  C^B^iOR)jBT  bb  CH,.Br~CH. 
OH — CH,.OH,  obtained  by  the  action  of  hydrobromic  acid  on  glycerin,  is 
an  oily  liquid,  boiling  in  a  vacuum  at  18(P  C.  (3560  p.). 

Symmetrical  Dibromhydrin^  CHjBr — CH.OH — CH,Br,  prepared 
from  glycerin  and  hydrobromic  acid,  is  a  liquid  having  an  ethereal  odor, 
a  specific  gravity  of  2.11  at  180C.  (64.4op.),  and  boiling  at  219©  C.  (426.20 
P.).  Unaymmetrical  dibromhydrin,  CH,Br — CHBr — CH,OH,  from 
allyl  alcohol  and  bromine,  boils  at  212-2140  C.  (413.6-417.20  P.). 

Tribromhydrin^  Glyceryl  tribromidej  or  Allyl  tribromide, 
C,H.Br,ssCH2Br — CHBr — CH^Br,  is  obtained  by  the  action  of  bromine  on 
allyl  iodide : 

CjHJ    +    2Br,    =    IBr    +    CjH^Br,. 

It  crystallizes  in  colorless,  shining  prisms,  melts  at  160  c.  (60.80  p.),  boils 
at  219Q-220O  c.  (426.20-428O  P.)  ;  is  converted  by  caustic  potash  or  soda 
into  dibromoglycide,  CH,— CBr— CH,Br,  boUing  at  151O-1520  C. 
303.80-305.60  p.). 

lodhydrlnB. — Mo  noiodhydrin,  C^H,  j  S      ^>  ,  obtained  by  heating 

glycerin  to  lOOO  C.  with  hydriodio  acid,  is  a  viscid  liquid,  having  a  specifio 
gravity  of  1.783. 

Di'iodhydrtn,  C,H (OH) I,s=CH,I.CH(OH).CH,I,  obtained  by  heating 
symmetrical  dichlorhydrin  with  aqueous  potassium  iodide,  is  a  thick  oil, 
having  a  specific  gravity  of  2.4,  and  solidifying  to  a  crystalline  mass  at 
— 150  C.  (50  p.). 

Tri-iodhydrin  or  Glyceryl  tri-iodide,  CsHjI,,  does  not  appear 
to  be  capable  of  existing,  inasmuch  as  the  action  of  hydriodic  acid,  or  of 
io<line  and  phosphorus  on  glycerin  yields  nothing  but  allyl  iodide  and 
free  iodine. 

GlTClde  oomponnds. — ^When  dichlorhydrin  is  treated  with  potash, 
it  gives  up  a  molecule  of  hydrochloric  acid,  and  is  converted  into  a  com- 
pound, C3H5OCI,  called  epichlorhydrin: 

C,H5(0H)C1,    —    HCl    =    CjHjOa. 

* 

This  compound  may  be  regarded  as  the  hydrochloric  ether  of  an  alcohol, 
CsH50(0H),  called  glycide^  formed  from  glycerin  by  abstraction  of  HjO. 
Dibromhydrin,  C5H5(OH)Br„  treated  in  the  same  manner,  yields  epi- 
bromhydrin,  or  the  hydrobromic  ether  of  glycide,  CjHjOBr.  Epichlor- 
hydrin heated  with  dry  potassium  iodide  is  converted  into  epi-iodhy- 
drin,  C^llfil: 

CflfiCl    4-    KI    =    KCl    +    CjHsOI. 

These  glycidio  ethers  are  easily  reconverted  into  bodies  of  the  glycerin 
52 
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type.  Thus  epichlorhydrin  combines  with  acetic  acid,  forming  gljcerio 
acetochlorhjdrin  : 

(C,H5)C10    +    HOCjHjO    =     (CsH5)Cl(0H)(0CaH,0) ; 

and  with  alcohol  in  like  manner,  forming  glyceric  ethjlchlorh  j- 
drin,  (C,H,)C1(0H)(0C,H5). 

Epichlorhydrin  unites  directly  with  tracer,  forming  glyceric  mono- 
ohlorhydrin,  C,H4(0H),C1. 

Epichlorhydrin  or  Glycidic  Hydrochloride^  isomeric  with 
monochloracetone,  may  be  obtained  by  agitating  either  of  the  dichlorhy- 
drins  with  strong  potash-lye : 

CH.C1  ^CH, 

1  ^<Ci 

CH.OH    +    KOH    «    KCl    +    H-0    +         ^S:H 

It  Is  a  mobile  liquid,  having  a  specific  gravity  of  1.194  at  OO,  boiling  at 
1  i9<^  C.  (^6.2  ^  F.)  ;  insoluble  in  water ;  easily  soluble  in  alcohol  and  ether. 
It  smells  like  chloroform,  and  has  a  burning  sweetish  taste.  When  heated 
with  fuming  hydrochloric acid^  it  is  converted  into  symmetrical  di- 
ohorhydrin : 

,CH,  CH,C1 

I 
+        HCl        =a        CH.OH; 

CHjCl  CUjCl 

and  by  prolonged  heating  with  water,  into  monochlorhydrin.   Heated 


o<;  II 
^k:h 


with  alcohols^  it  yields  ethers  of  chlorhydrin,  such  as  C 


(CI 
,H,^OH        , 


which,  whftu  distilled  with  potassium  hydroxide,  are  converted  into  aloo> 
holic  glycides  or  glycidic   ethers;  thus: 

CH-Cl  ^CH, 

I  0<^| 

CH.OH         +    KOH    =»    KCl    +    H,0    +  ^XIH 

CH2.O.C2HJ  CHv.O.CjHg 

Ethylic  chlor<  Efhyl 

hydrin.  glyolde. 

FAhyl-glycide,  C,H..0.0C,H5  (or  epiethylin),  boils  at  1200-1300 C.  (258.80 
P.)  ;  amyl-glycide,  G3H5.O.O.C5H,,,  at  I88O  C.  (370.40  F.). 

Epibromnydrin,  C,H^OBr,  from  either  of  the  two  bromhydrins,  boils 
at  139O-140O  C.  (282.2Q-2840  F.);  epi-iodhydrin,  C3H5OI,  obUined  by 
heating  epichlorhydrin  with  solution  of  potassium  iodide,  boils  at  about 
I6OOC.  (320OF.).     ■ 

Trichlorhydritiy  heated  with  potassium  hydroxide,  which  abstracts  HCl, 
yields  dichloroglycide,  C3H4CI,  =  CH^CCl— CH,C1- 

Alcoholic  Ethers  of  Glycerin . — ^Derivatives  of  glycerin  contain- 
ing alcohol-radicles  are  formed  by  heating  the  mono-  and  dichlorhydrins 
with  sodium  alcohol,  thus  :-— 

C3H5  i  ^j^  +  2(C,H4.0.Na)  =  2NaCl  +  C,Hj  |  ^^c,H,),  * 
Dichlorhydriji.  Dlethylio. 
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Mono-ethylin,    CjHj i  q^'h*  ,  is  soluble  in  water,  and  boils  at  230O 

C.  (446^  F.).  Diethylin  is  sparingly  soluble  in  water,  smells  like 
peppermint,  has  a  specific  gravity  of  0.92,  and  boils  at  191o  C.  (375. 80  F.). 
Triethylin,  CjHjCO.CjHj),,  formed  by  the  action  of  ethyl  iodide  on  the 
sodium-derivative  of  diethylin,  is  a  liquid  insoluble  in  water,  boiling  at 
1850  C.  (3<>50  F.). 

Allylin,  CjHg-j  q  n  t|  ,  is  produced  by  heating  glycerin  with  oxalic 

v     *   s    V 
acid,  and   occurs   (together  with  glyceric  oxide)  in  the  residue  left  after 

lieating  the  product  to  260O  C.  (50UO  F.).     It  is  a  viscid  liquid,  boiling  at 

226^-2400  c.  (4370-4640  F.). 

Glyceric  oxide  or  glycerin  ether ,  (CjH5)jOj,  occurring  together 
with  allylin,  as  just  mentioned,  boils  at  169^-1726  0.  (336.20-341.60  F.). 

The  ethers  of  glycerin  containing  acid  radicles,  including  the  natural 
oils  and  fats,  will  be  described  under  the  respective  acids. 

Polyglyoerlns. — Two,  three,  or  more  molecules  of  glycerin  can  unite 
into  a  single  molecule,  with  elimination  of  a  number  of  water-molecules 
less  by  one  than  the  number  of  glycerin  molecules  which  combine  to- 
gether ;  thus : — 

2C,H5(OH),    -     H,0     =      (C,M6)2{(*0H), 
Glyoerla.  Diglycerin. 

3C,H,(0H),    -  2H,0     =      (C,H,),{J*>„j^ 

Glycerin.  Triglycerln. 

Generally : — 

nC,H,(OH),    -    («-l)H,0     =     (CsH5)a  {  J^Sh') 

The  product  is  a  polyglycerin  whose  atomicity  (determined  by  the 
number  of  equivalents  of  hydroxyl  contained  in  it)  is  n  -|-  2. 

The  mode  of  preparing  the  polyglycerins  is  similar  to  that  of  the  poly- 
ethenic  alcohols  (p.  603),  and  consists  in  heating  glycerin  with  monochlor- 
hydrin,  whereby  diglycerin  and  hydrochloric  acid  are  formed  : — 

CjHjCKOH),    +     C3H5(OH),    «=     (C,H5),0(0H),    +     HQ. 

The  hydrochloric  acid  thus  formed  converts  a  fresh  quantity  of  glycerin 
into  chlorhydrin,  which  then  acts  in  a  similar  manner  on  the  diglycerin, 
and  converts  it  into  triglycerln  ;  and  in  this  manner  the  process  is  con- 
tinued. The  polyglycerins  may  then  be  separated  by  fractional  distilla- 
tion.    Their  properties  are  but  little  known. 

Isopezitenyl  Alcohol,  or  Amyl  Glycerin,  CgHijOgs  (C5H9)(OH),. 
— ^This  compound  is  formed  from  bromo-isopentene  dibromide,  C5H9Br.Br,, 
or  isopentenyl  bromide,  CgHyBr,,  by  the  series  of  processes  represented  in 
the  following  equations  : — 

CfiH^Br,    +    2AgOC,H,0    =    2AgBr    +    C,uJ^^^l^f^* 

Isopentenyl  Silver  Sliver  Isopentenyl  diaceto- 

bromlde.  Acetate.  bromide.  bromhydrin. 

CsHJ^^^^si^)*    +     2K0H    =    2KOC,H30    +    QH  J  ^^^^a 

iBopentenyl  diaceto-        Potassium  PotasAium  Isopentenyl 

bromhydrin.  hydrate.  acetate.  bromhydrla. 


-H 
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CsH^I 


%°>»     +     K^H:    «     KBp     +     (C5H,)(0H), 

iBopeatenyl  Isopenteoyl 

bromhydrin.  alcohol. 

Amjl  glycerin  is  a  thick  colorless  liqnid,  haying  a  sweet  aromatic  taste, 
and  soluble  in  water. 


tetratomic  alcohols  and  ethers. 

The  only  tetratomic  alcohol  at  present  known  is  : 

Erythrite,  C^HjoO^ss:  (C4H,)(OH)4,  also  called  Erythromannite,  Erythro- 
glucifiy  and  Phi/cite^  which  is  the  tetratomic  alcohol  analogous  to  butyl  alco- 
hol, C^HjqO,  and  butyl  glycol,  C^HiqO,  ;  the  corresponding  glycerin  is  not 
known. 

Erythrite  is  a  saccharine  substance,  existing  ready  formed  in  Protococcus 
vulgaris.  It  was  originally  discovered  by  Dr.  Stenhouse  among  the  pro- 
ducts of  decomposition  of  erythric  acid.*  It  crystallizes  in  large  trans- 
parent prisms,  is  readily  soluble  in  water,  sparingly  soluble  in  alcohol, 
insoluble  in  ether  :  not  fermentable.  Heated  with  hgdriodic  cudd,  it  yields 
secondary  butyl  iodide,  C^H^I  (p.  582): — 

C4H,o04    +    7HI    =    C^HjI    +    4HaO    +    31,. 

Heated  with  oxygen  acids,  it  forms  compound  ethers,  in  the  manner  of  aloo- 
hols in  general ;  thus,  with  benzoic  acid,  CfU^O,,  or  HOC^H^O,  it  forms  a 
dibenzoate,  (C^HeXOH^aCOC^HsO),,  and  ahexbenzoate,(C^H«)(OC,H.)(0)4. 
2C7H,02,  consisting  of  neutral  beuzoyl-erythrite,  united  with  two  molecules 
of  benzoic  acid. 

A  tetratomic  ether,  viz.,  Ethylic  Orthocarbonate  or  Orthocar- 
bonio  Ether,  C(OC2H5)4,  analogous  to  carbon  tetrachloride,  CCI4,  is 
formed  by  the  action  of  sodium  ethylate  on  chloropicrin  (p.  526)  : 

CCl,(NOj)     +    4NaOCjH5    =    3NaCl    +    NaNO,    +    CCOCjHs)^. 

It  is  a  liquid  having  an  ethereal  odor,  and  boiling  at  158Q-1590C.  (316.4- 
318.20  F.).  Heated  with  ammonia,  it  yields  guanidine,  CNjHj,  and 
ethyl  alcohol : 

C(OC,H5)4    +    3NH,    »    CNjHj    +    4C,H50H. 

The  corresponding  alcohol,  CCOH)^,  has  probably  no  existence,  inas- 
much as  one  carbon-atom  appears  to  be  incapable  of  linking  together  two 
or  more  hydroxyl  groups. 


HEXATOMIC  ALCOHOLS  AND  ETHERS. 

This  class  of  compounds  includes  most  of  the  saccharine  substances 
found  in  plants,  and  others  produced  from  them  by  artificial  transforma- 
tion. Three  of  the  natural  sugars,  mannite,  dulcite,  and  sorbite, 
having  the  comp^ition  CeH„0„  or  C,H«(OH)«,  are  saturated  hexatomic 
alwhola  derived  from  the  saturated  hydrocarbon,  C<,H„.  Several  others, 
called  jlucoses,  contain  QeH^O,,  that  is  to  say,  two  atoms  of  hydrogen 

*  See  the  Chapter  on  Coloring  Matters. 
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less  than  mannite  and  dulcite,  and  may  therefore  be  regarded — so  far  as 
composition  is  concerned — as  the  aldehydes  of  these  alcohols  ;  moreover, 
ordinary  glucose  (grape-sugar)  is  converted  into  mannite  by  the  action  of 
nascent  hydrogen,  just  as  acetic  aldehyde,  CjH^O,  is  converted  into  com- 
mon alcohol,  CjUcO.  Further,  there  are  diglucosic  alcohols,  or 
saccharoses,  C|2H„O,|(=b2CsH|2O0 — H^O),  related  to  glucoses  in  the 
same  manner  as  diethenic  alcohol  to  glycol,  or  diglycerin  to  glycerin  :  the 
most  important  of  these  are  cane-sugar  and  milk-sugar  ;  and,  lastly, 
there  are  certain  vegetable  products  called  amy  loses — viz.,  starch, 
cellulose,  and  a  few  others,  represented  by  the  formula  CfHioO^,  or 
multiples  thereof,  which  may  be  regarded  as  the  oxygen-ethers  or  anhy- 
drides of  the  glucoses,  or  of  the  diglucosic  alcohols,  inasmuch  as  they 
diifer  therefrom  by  a  molecule  of  water. 

These  three  groups  of  compounds,  which  consist  of  carbon  united  with 
hydrogen  and  oxygen  in  the  proportion  to  form  water,  are  included  under 
the  general  name  of  carbohydrates. 


Saturated  Hexatomic  Alcohols, 

Mannite,  C^Hi40e&B(C«H8)(OH)c.^Thi8  is  the  chief  component  of 
mannuy  an  exudation  from  a  species  of  ash  ;  it  is  also  found  in  the  juice  of 
certain  other  plants,  in  several  sea-weeds,  and  in  mushrooms.  It  is  best 
prepared  by  treating  manna  with  boiling  alcohol,  and  filtering  the  solu- 
tion whilst  hot ;  it  then  crystallizes  on  cooling  in  tufts  of  slender  needles. 
Mannite  may  be  produced  artificially  by  treating  a  solution  of  glucose  with 
sodium-amalgam,  the  glucose  then  taking  up  2  atoms  of  hydrogen : 

CeH„Oe    +    H,    «    C^H.fi^. 

The  same  transformation  of  glucose  sometimes  takes  place  under  the  action 
of  certain  ferments. 

Mannite  crystallizes  in  thin  four-sided  prisms,  easily  soluble  in  water  and 
in  hot  alcohol,  insoluble  in  ether.  It  is  slightly  sweet,  melts  at  16GO  C. 
(330.80  F.)^  has  no  action  on  polarized  light,  and  is  not  fermentable,  ex- 
cept under  very  unusual  conditions. 

By  oxidation  in  contact  with  platinum  black j  mannite  is  converted  into 
mannitic  acid,  C0H,2O7,  and  mannitose,  Cfi^^^y  ^  kind  of  sugar 
isomeric  with  glucose.  By  oxidation  with  nitric  acid  it  yields  saccharic 
acid,  CfHigOg,  and  ultimately  oxalic  acid.  Mannitic  acid  and  saccha- 
ric acid  are  related  to  mannite  in  the  same  manner  as  glycollic  acid  and 
oxalic  acid  to  glycol ;  the  relation  between  the  three  compounds  is  shown 
by  the  following  formulsB : 


CH^OH 

I 
CHOH 


GOOH 


COOH 


HOH 
HOH 


HOH 


H,OH 
Mannite. 


I:. 
I. 


HOH 
HOH 
HOH 
HOH 


H^OH 
Minnitlo 
Mcid. 

52* 


i 


HOH 


HOH 


HOH 
HOH 


:00H 

SncchAflo 
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Bj  fuming  nitric  add^  or  more  easily  by  a  miztare  of  nitric  and  aulphtrie 
adds,  mannite  is  converted  into  nitromannite,  C0Hg(^'O2),Of,  a  crys- 
talline body  which  explodes  violently  by  percussion  or  when  suddenly 
heated,  and  is  reconverted  into  mannite  by  ammonium  sulphide.  With 
sulphuric  acid  mannite  forms  sulphomannitic  acid,  CeUi40g.3SO,. 

Mannite,  treated  with  hydriodic  acid,  is  converted  into  secondary  hezyl 
iodide,  or  hexeno  hydriodide. 

C«HuOg    +     llHI    as    CeHi,I    +     6H.0    +     61,. 

Mannite,  heated  with  organic  adds,  forms  compound  ethers,  after  the 
manner  of  alcohols  in  general,  the  elements  of  the  mannite  and  the  acid 
uniting  together,  with  elimination  of  one  or  more  molecules  of  water.  The 
resulting  compounds,  called  mannitanides,  bear  a  considerable  resem- 
blance to  the  fats ;  but  their  composition  has  not  been  Yerj  exactly 
determined. 

These  ethers,  when  saponified  with  alkalies,  yield,  not  mannite,  but 
mannitan,  CfH^Os,  a  compound  differing  from  mannite  by  one  molecule 
of  water.  The  same  compound  is  obtained  in  small  quantity  by  heating 
mannite  to  200O  o.  (3920  B'.),  and  more  easily  by  prolonged  boiling  of 
mannite  with  strong  hydrochloric  acid.  It  is  a  syrupy  liquid,  which  vola- 
tilizes slowly  at  140O  C.  (2840  F.),  and  dissolves  easily  in  water  and  in 
cold  absolute  alcohol :  this  last  property  affords  the  means  of  separating 
it  from  mannite.  When  exposed  to  the  air,  it  slowly  absorbs  water,  and 
is  reconverted  into  mannite ;  the  change  is  accelerated  by  boiling  with 
acids  or  with  alkalies. 

Mannite,  boiled  with  butyric  acid,  gives  up  two  molecules  of  water,  and 
is  converted  into  mannide,  C^HjoO^,  which  is  also  a  syrupy  liquid,  but 
differs  from  mannitan  in  being  much  more  volatile,  evaporating  rapidly  at 
14()0  0.  (2840  F.),  and  in  being  quickly  reconverted  into  mannite  by  ex- 
X>OBure  to  moist  air.     It  dissolves  easily  in  water,  and  in  absolute  alcohol. 

The  two  anhydrides  of  mannite  may  be  represented  by  the  following 
formulae  :^ 

C.H.{X,H),  C.H.|?OH). 

Mannitan.  Mannide. 

Dnlolte,  CfHi^Og,  also  called  Dtdcin,  Dulcose,  and  Meiampyrite. — ^ThiS 
sugar,  isomeric  with  mannite,  is  obtained  from  a  crystalline  substance  of 
unknown  origin,  imported  from  Madagascar :  it  is  extracted  therefrom  by 
boiling  with  water,  and  crystallizes  from  the  filtered  solution.  Dulcite  is 
likewise  obtained  from  Melampyrum  nemorosum,  by  mixing  the  aqueous 
decoction  of  the  plant  with  lime,  concentrating,  adding  hydrochloric  acid 
in  slight  excess,  and  evaporating  a  little  i  it  then  separates  in  crystals  as 
the  liquid  cools. 

Dulcite  is  a  sweet  substance  resembling  mannite  in  most  of  its  proper- 
ties, but  differing  from  it  in  its  crystalline  form,  which  is  that  of  a  mono- 
clinic  prism,  whereas  the  crystals  of  mannite  are  trimetric ;  also  in  its 
melting  point,  dulcite  melting  at  1820  C.  (359.60  F.),  mannite  at  1660  C. 
(330.80  F.),  and  by  yielding,  when  oxidized  with  nitric  acid,  not  saccha- 
ric acid,  but  mucic  acid,  which  is  isomeric  therewith.  Dulcite,  heated 
with  hydriodic  acid,  yields  a  secondary  hexyl  alcohol,  identical  with  that 
obtained  from  mannite.  Heated  with  organic  acids,  it  forms  ethers  called 
dulcitanides,  analogous  to  the  mannitanides,  and  yielding  by  saponi- 
fication, not  dulcite,  but  du  lei  tan,  CgHi^Oj,  which  may  likewise  be 
obtained  by  heating  dulcite,  or  by  boiling  it  with  hydrochloric  acid.  Hex- 
acetoduldte,  C,H8(0C,H,0)„  melts  at  1710  C.  (339.80  F.). 
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Isodulcite,  C^l^^fi^^  or  €,11,205.11,0,  a  saccharine  snbstanoe  isomerio 
with  maunite  and  dulcite,  is  produced  by  the  action  of  dilute  acids  on 
quercitrin,  a  yellow  substance  occurring  in  quercitron  bark.  It  forms 
large  transparent,  regularly  developed  crystals,  resembling  those  of  cane- 
sugar  :  it  is  sweeter  than  grape-sugar,  not  fermentable,  dissolves  in  2.09 
parts  of  water  at  18<^C.  (64.40F.),  and  easily  in  absolute  alcohol.  The 
solutions  turn  the  plane  of  polarization  to  the  right.  Isodulcite  melts, 
with  loss  of  water,  between  105°  C.  (2210  p.)  and  llOO  C.  (230O  F.),  is 
colored  yellow  or  brown  by  strong  sulphuric  acid  and  caustic  alkalies,  and 
reduces  ouprio  oxide.  By  a  mixture  of  nitric  and  sulphuric  acids,  it  is 
converted  into  a  slightly  explosive  nitro-compound,  CqH,(N02)sOq. 

Sorbite,  CgHj^O^  -f~  ^^fii  occurs  in  the  berries  of  the  mountain-ash 
in  small  crystals,  easily  soluble  in  water.  It  gives  off  its  water  when 
heated,  and  melts  at  IICP  C.  (230^  F.). 

Mannite,  dulcite,  and  sorbite  are  distinguished  from  the  true  sugars 
(glucoses  and  saccharoses)  by  not  fermenting  in  contact  with  yeast,  and 
by  not  reducing  an  alkaline  solution  of  cupric  oxide. 

Finite  and  Qaercite  are  naturally  occurring  saccharine  bodies,  iso- 
meric with  manuitau  and  dulcitan. 

P  i  n  i  t  e  is  contained  in  the  sap  of  a  Califomian  pine  (^PlnusLambertiana), 
and  is  deposited  from  the  aqueous  extract  of  the  hardened  juice,  in  hard 
white  crystalline  nodules,  as  sweet  as  cane-sugar,  very  soluble  in  water, 
nearly  insoluble  in  alcohol.  It  turns  the  plane  of  polarization  of-  a  lumi- 
nous ray  to  the  right ;  it  is  not  fermentable.     With  benzoic  acid,  it  forms 

i  (OC,H,0), 
dibenzopinite,  CgHg<  0  ,  and  tetrabenzopiuite, 

((OH), 

CgHg  -j  ^Qp  |T  Qy^    ;  and  similar  compounds  with  stearic  acid, 

Quercite  is  a  saccharine  substance  extracted  from  acorns,  by  treating 
the  aqueous  infusion  with  milk  of  lime  to  remove  tannic  acid,  leaving  the 
liquid  to  ferment  with  yeast  to  remove  fermentable  sugar,  evaporating  the 
filtrate  to  a  syrup,  and  leaving  it  to  crystallize.  It  forms  hard  monoclinio 
crystals,  which  grate  between  the  teeth,  and  are  soluble  in  water  and  in 
hot  dilute  alcohol.  Heated  in  a  sealed  tube  with  benzoic  acid,  it  forms 
dibenzoqueroite,  having  the  same  composition  as  dibenzopinlte. 


OABBOHTDRATES. 


This  name,  as  already  observed,  is  given  to  a  class  of  compounds  con- 
taining 6  or  12  atoms  of  carbon  united  with  hydrogen  and  oxygen  in  the 
proportion  to  form  water.  They  may  be  regarded  as  derivatives  of  the 
hexatomio  alcohol,   CgHj^Og,  and  are  divid^  into  the  three  following 

gTOUpB  ;— 
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GlucoteSj 

+  Grape-sugar* 
or  Dextrose. 
^  Fruit-sugar 
or  Levulose. 

Maimitose. 
-|-  Galactose. 

Inosite. 

Sorbin. 
+  Eucalyn. 

Dambose. 


SaedutraseSf 

+  Cane-sugar 

or  Saccharose, 
-f-  Parasaccharose. 
4-  Melitose. 
4-  Melezitose. 
-j-  Trehalose. 
-}-  Mycose. 

Synanthrose. 
-|-  Milk-sugar 

or  Lactose. 
-|-  Maltose. 


AmyloseSf 

+  Starch. 
4-  Dextrin, 
-f-  Glycogen. 
—  Inuliu. 

Cellulose. 

Tunicin. 

Gum. 


Most  of  these  compounds  occur  in  the  vegetable  organism ;  a  few  also, 
as  dextrose,  lactose,  glycogen,  and  inosite,  in  the  animal  organism. 

Glucoses,  CfHj^Og. 

The  sugars  included  in  this  formula  may  be  regarded  as  aldehydes  of 
the  saturated  alcohols,  CJH^fl^.  Ordinary  glucose  (grape-sugar)  is  con- 
verted into  mannite  by  the  action  of  nascent  hydrogen  (p.  617),  and,  on 
the  other  hand,  mannite,  when  slowly  oxidized  in  contact  with  platinum 
black,  is  partly  converted  into  mannitose.  Nevertheless,  the  glucoses  still 
exhibit  the  characteristic  property  of  alcohols,  namely,  that  of  forming 
ethers  by  combination  with  acids  and  elimination  of  water.  The  formala 
of  a  glucose  may  indeed  be  derived  from  that  of  mannite  given  on  page 
617,  by  removing  two  hydrogen-atoms  from  one  of  the  groups,  CII,OH,  the 
other  groups  remaining  as  before ;  the  glucoses  may  therefore  be  expected 
to  act  as  pentatomic  alcohols.  Bodies  thus  constituted  may  be  called  al- 
coholic aldehydes. 

The  following  varieties  of  glucose  are  known  : — 

1.  Ordinary  glucose^  produced  by  hydration  of  starch  under  the  influence 
of  dilute  acids  or  of  diastase,  and  existing  ready-formed,  together  with 
other  kinds  of  sugar,  in  honey  and  various  fruits,  especially  in  grapes, 
and  alone  in  diabetic  urine. 

2.  Leuulose,  existing  in  cane-sugar  which  has  been  acted  upon  by  acids, 
and  obtained  pure  by  the  action  of  dilute  acids  upon  a  variety  of  starch 
called  inulin. 

3.  Mannitose,  produced  by  oxidation  of  mannite. 

4.  Galactose,  formed  by  the  action  of  aoids  on  milk-sugar. 

5.  Inosite,  existing  in  muscular  flesh. 

6.  Sorbin,  obtained  from  mountain-ash  berries. 

7.  Eucalyn,  existing,  together  with  another  kind  of  sugar,  in  the  so- 
called  Australian  manna. 

8.  Dambose,  obtained  from  a  saccharine  substance  existing  in  African 
caoutchouc. 

The  first  three  of  these  glucoses  exhibit  but  very  slight  diversity  in 
their  chemical  properties,  differing  chiefly  indeed  in  their  action  on  polar- 
ized light,  and  a  few  other  physical  properties.  They  all  yield  saccharic 
acid  by  oxidation.  Galactose  difi'ers  from  them  in  yielding  mucic  acid 
when  oxidized.  Inosite,  sorbin,  and  eucalyn  exhibit  still  greater  differ- 
ences in  their  chemical  properties,  especially  in  not  being  fermentable, 
except  under  very  peculiar  circumstances,  whereas  the  four  other  glucoses 

♦  The  -I-  slf^n  Indioatea  thut  th<»  PubAtnnce  turna  the  pUoe  of  polArizAtioa  to  the 
right ;  the  —  sign  Indicates  rotAtion  to  the  left. 
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nndergo  vinous  fermentation  when  placed,  under  certain  conditions,  in 
contact  with  yeast. 

All  the  glucoses,  except  inosite,  are  decomposed  by  boiling  with  aqueous 
alkalies ;  this  property  distinguishes  them  from  mannite  and  dulcite. 
They  are  not  carlx)nized  by  strong  sulphuric  acid  at  ordinary  tempera- 
tures. When  boiled  with  a  solution  of  potassio-cupric  tartrate,  they  throw 
down  the  copper  in  the  form  of  red  cuprous  oxide. 

1.  Ordinary  Glncoso,  Deztro-glaoose,  Dextrose,  C^HijO^. — This 
variety  of  sugar  is  very  abundautly  ditl'used  through  the  vegetable  king- 
dom :''  it  may  be  extracted  in  large  quantity  from  the  juice  of  sweet  grapt'S 
(whence  it  is  often  called  grape-sugar) f  also  from  honey,  of  which  it  forms 
the  solid  crystalline  portion,  by  washing  with  cold  alcohol,  which  dissolves 
the  fluid  syrup.  The  appearance  of  this  substance,  to  an  enormous  ex- 
tent, in  the  urine,  is  the  most  characteristic  feature  of  the  disease  called 
diabetes.  It  exists  in  diabetic  urine  unmixed  with  any  other  kind  of  sugar, 
and  is  easily  obtained  by  conc4mtrating  the  liquid  till  it  crystallizes,  washing 
the  crystals  with  cold  alcohol,  dissolving  them  in  water,  and  re-crystalliz- 
ing. It  may  also  be  prepared  from  starch  by  the  action  of  diastase,  a 
peculiar  ferment  existing  in  germinating  barley,  or  by  boiling  with  dilute 
sulphuric  acid.  In  those  reactions  the  starch  takes  up  tlie  elements  of 
water,  and  is  resolved  into  glucose  and  dextrin,  a  compound  isomeric  with 
starch  itself. 

3C,H,A    +     H,0    -    CjH„0,    +    2C,H,A 
Starch.  Oluoose.  Dextrin. 

Glucose,  when  required  in  considerable  quantity,  is  always  prepared 
from  starch.  Cellulose  is  likewise  converted  into  glucose  by  the  action  of 
acids.  Lastly,  glucose  is  produced  by  boiling  natural  glucosides  with 
dilute  acids. 

Glucose  is  much  less  sweet  than  cane-sugar,  and  less  soluble  in  water 
and  in  alcohol ;  anhydrous  glucose  dissolves  in  1.224  parts  of  water  at  150 
C.  (590  F.).  From  its  aqueous  solution  it  separates  in  granular  warty 
masses,  consisting  of  a  hydrate,  CqHi^O^.HjO,  which  leaves  anhydrous 
glucose  as  a  fused  transparent  mass  when  heated  to  lOiP  C.  (212^  F.),  or  as 
a  dry  white  powder  when  heated  to  55©  C.  (131o  F.)  or  60O  C.  (140O  F.) 
in  a  stream  of  dry  air.  The  alcoholic  solution  deposits  anhydrous  glucose 
in  microscopic  needles  which  melt  at  140O  C.  (2£^o  F.).  In  the  state  of 
solution  glucose  turns  the  plane  of  polarization  of  a  ray  of  light  to  the 
right  (hence  the  names  dextroglucose  and  dextrose')  :  its  specific  or  molecular 
rotatory  power  is  +560,  and  does  not  vary  with  the  temperature  (pp.  49()-l). 

Glucose  may  be  heated  to  120O  C.  (248©  F.)  or  even  130O  C.  (266©  F.) 
without  alteration,  but  at  170©  C.  (3380  F.)  it  gives  off  water,  and  is  con- 
verted into  gluoosan,  CgHjoOj,  which,  when  freed  from  caramel  (p.  626) 
by  means  of  charcoal,  and  from  glucose  by  fermentation,  forms  a  colorless 
mass,  scarcely  sweet  to  the  taste,  and  having  somewhat  less  dextro-rota- 
tory power  than  glucose.  At  higher  temperatures  glucose  blackens  and 
snflfers  complete  decomposition.  Glucose,  boiled  for  some  time  with  dilute 
sulphuric  or  hydrochloric  acidj  is  converted  into  brown  substances  called 
ulmin,  ulmio  acid,  etc. — Strong  sulphuric  acid  converts  it  at  ordinary  tem- 
peratures into  Bulpho-sacchario  acid,  CqHj^OjSOj,  which  forms  a  soluble 
barium  salt. 

Lime,  baryta ^  and  lead  oxide  dissolve  slowly  in  aqueous  solution  of  glucose, 
and  on  adding  alcohol  to  the  liquid,  comjwunds  of  these  oxides  with  glu- 
cose are  precipitated.  The  barium  compound  is  said  to  contain  (C^HjaO,), 
(BaO)8.2H,0;  the  calcium  compound  (CgH,jOe)3(CaO)3.2H20 ;  the  lead 
compound  (C,HijO,),(PbO),(OH)j.    These  compounda  are,  however,  very 
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unstable,  being  decomposed  at  the  beat  of  boiling  water.    Glucose  also 
combines  with  sodium  chloride,  forming  the  compound  (C,Hi,0<,),NaCl.HjO. 

Glucose,  boiled  with  a  cupric  salt  in  presence  of  alkalies,  easily  reduces 
the  cupric  oxide  to  cuprous  oxide :  hy  this  character  it  is  easily  distin- 
guished from  cane-sugar. 

When  solutions  of  cane-sugar  and  glucose  are  mixed  with  two  separate 
portions  of  solution  of  cupric  sulphate,  and  caustic  i)otaBh  is  added  in  ex- 
cess to  each,  deep-blue  liquids  are  obtained,  which,  on  being  heated,  ex- 
hibit diflferent  characters :  the  one  containing  cane-sugar  is  at  first  but 
little  altered  ;  a  small  quantity  of  red  powder  falls  after  a  time,  but  the 
liquid  long  retains  its  blue  tint ;  with  the  glucose,  on  the  other  hand,  the 
first  application  of  heat  throws  down  a  copious  greenish  precipitate,  which 
rapidly  changes  to  scarlet,  and  eventually  to  dark-red  cuprous  oxide, 
leaving  a  nearly  colorless  solution.  If  only  small  quantities  of  material 
are  available,  a  mixture  of  cupric  sulphate  and  tartaric  acid,  to  which  an 
excess  of  potash  has  been  added,  may  be  used  with  advantage.  This  solu- 
tion, called  polassio-cupric  tartrate,  is  an  excellent  test  for  distinguishing  the 
two  varieties  of  sugar,  or  discovering  an  admixture  of  glucose  with  cane- 
sugar.  ^  J  X         A 

Glucose  mixed  in  dilute  solution  with  yeast  and  exposed  to  a  tempera- 
ture of  210-2tjO  C.  (t59.80^78.8O  F.),  easily  undergoes  vinous  fermenUtion 
(p.  563). 

2.  Levulose,  CeHi^Oj.— This  sugar,  distinguished  from  dextrose  by 
turning  the  plane  of  polarization  to  the  left,  occurs,  together  with  dextrose, 
in  honey,  in  many  fruits,  and  in  other  saccharine  substances.  The  mixture 
of  these  two  sugars  in  equivalent  quantities  constitutes  fruit-sugar 
or  invert  sugar,  which  is  itself  levorotatory ,  because  the  specific  rota- 
tory power  of  levulose  is,  at  ordinary  temperatures,  greater  than  that  of 

dextrose. 

Cane-sugar  may  be  inverted,  that  is,  transformed  into  a  mixture  of  equal 
parts  of  dextrose  and  levulose,  by  warming  with  dilute  acids  : 

CuH„Ou    +     H,0    =    C,HuOe    +    C,H„Oe- 

The  same  change  is  brought  about  by  contact  with  yeast,  or  with  pectase, 
the  peculiar  ferment  of  fruits  ;  it  likewise  takes  place  slowly  when  a  solu- 
tion of  cane-sugar  is  left  to  itself. 

To  separate  the  levulose,  the  invert  sugar  obtained  from  10  grams  of 
cane-sugar  is  mixed  with  6  grams  of  slaked  lime  and  100  grams  of  water, 
whereby  a  solid  calcium-compound  of  levulose  is  formed,  while  the  whole 
of  the  dextrose  remains  in  solution,  and  may  be  separated  from  the  pre- 
cipitate by  pressure.  The  calcium  salt  of  levulose,  suspended  in  water 
and  decomposed  by  carbon  dioxide,  yields  a  solution  of  pure  levulose, 
which  may  be  filtered  and  concentrated  by  evai>oration.  Levulose  may  be 
at  once  obtained  in  the  pure  state  by  the  action  of  dilute  acids  on  inulin. 

Levulose  is  a  colorless  uncrystallizable  syrup,  as  sweet  as  cane-sugar, 
more  soluble  in  alcohol  than  dextrose.  Its  rotatory  power  is  much  greater 
than  that  of  dextrose  at  ordinary  temperatures,  but  diminishes  as  the 
temperature  rises.  For  the  transition  tint  between  the  blue  and  the  purple 
[«]  =  —  1060  at  140  c.  (57.20  F.)  ;  =  — 79.5©  at  520  C-  (125©  F.)  ;  « 
—  530  at  9(P  C.  (I940  F.).  Now,  the  rotatory  power  of  dextrose  is  the 
same  at  all  temperatures,  and  equal  to  -J-  66O ;  consequently  that  of  invert 
sugar,  which  is  —  250  at  15^^  C.  (590  F.),  diminish*^  by  about  one-half  at 
523  c.  (1250  F.),  becomes  nothing  at  90©  C.  (1940  F.),  and  changes  sign 
above  that  temperature. 

Levulose  exhibits,  for  the  most  part,  the  same  chemical  reactions  as 
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dextrose,  bnt  is  more  easily  altered  by  heat  or  by  acids,  and  on  the  con- 
trary offers  greater  resistance  to  the  action  of  alkalies  or  of  ferments. 

Lovulosan,  C^H^qCj,  the  oxygen-ether  or  anhydride  of  levulose,  is 
prodnced,  together  with  dextrose,  by  melting  cane-sugar  for  some  time  at 
160O  C.  (320O  F.)  : 

C«H„Oii    »    CeH^Oj    +     CeHuO.. 

The  dextrose  mf  y  be  removed  from  the  liquid  by  fermentation,  and  the 
levulosan,  which  is  unfermen table,  may  be  obtained  by  evaporation  as  an 
uucrystallizable  syrup.  By  boiling  with  water  or  dilute  acids,  it  is  con- 
verted into  a  fermentable  levorotatory  sugar,  probably  levulose. 

3.  Mannitose,  CeH,jO,. — This  is  the  sugar  produced,  together  with 
mannitic  acid,  by  the  oxidation  of  mannite  in  contact  with  platinum  black. 
It  may  be  separated  by  saturating  the  liquid  with  lime,  precipitating  the 
calcium  mannitate  with  alcohol,  evaporating  the  filtrate  to  a  syrup,  adding 
alcohi>l,  again  filtering,  and  evaporating  to  dryness. 

Mannitose  is  syrupy,  uncrystallizable,  fermentable,  inactive  to  polarized 
light,  and  resembles  the  other  glucoses  in  its  chemical  reaction. 

4.  Qalaotose,  CeHj^O,,  is  produced  by  boiling  milk-sugar  with  dilute 
acids.  It  is  soluble  in  water,  sparingly  soluble  in  cold  alcohol,  crystal- 
lizes more  readily  than  ordinary  glucose  ;  has  a  dextro-rotatory  power  of 
S3.3P ;  and  is  very  easily  fermentable.  It  resembles  dextrose  in  most  of 
its  reactions,  but  is  distinguished  from  all  the  four  glucoses  above  de- 
scribed by  yielding  mucio  instead  of  saccharic  acid,  when  oxidized  by 
nitric  acid. 

5.  InoBlte,  or  Phafleomannite,  C^Hj^O^,  is  a  variety  of  glucose  occur- 
ring in  the  muscular  sulistance  of  the  heart  and  other  organs  of  the  animal 
body ;  also  in  green  kidney  beans,  the  unripe  fruit  of  Phaseolus  vulyarisj 
and  in  many  other  plants.  It  forms  prigmatic  crystals,  resembling  gyp- 
sum, soluble  in  water,  but  insoluble  in  alcohol  and  ether.  It  may  be 
boiled  with  a  strong  aqueous  potash  or  baryta  without  alteration  or  color- 
ation. If  this  sugar  be  evaporated  with  nitric  acid  nearly  to  dryness, 
the  residue  mixed  with  a  little  ammonia  and  calcium  chloride,  and  again 
evaporated,  a  beautiful  and  characteristic  rose  tint  is  produced. 

Inosite  does  not  ferment  with  yeast,  bnt  in  contact  with  cheese,  flesh,  or 
decaying  membrane  and  chalk,  it  undergoes  laotous  fermentation,  pro- 
ducing lactic,  butyric,  and  carbonic  acids. 

6.  Sorbin,  CJEL^fi^,  is  a  crystallizable  sugar  existing  in  the  juice  of 
ripe  mountain-ash  berries  (^Sorhus  aucuparia).  The  juice  when  allowed  to 
stand  for  some  time  in  open  vessels,  deposits  a  brown  crystalline  matter, 
which  may  be  obtained  in  transparent  colorless  crystals  belonging  to  the 
trimetrio  system.  This  substance  is  almost  insoluble  in  alcohol,  but  easily 
soluble  in  water,  to  which  it  imparts  an  exceedingly  sweet  taste.  A  solu- 
tion of  sorbin,  mixed  with  ammonia  and  lead  acetate,  yields  a  white  floc- 
culent  precipitate,  containing  CjjHjgPbjOjj.PbOg.  With  sodium  chloride  it 
forms  a  compound  which  crystallizes  in  cubes. 

Sorbin  is  converted  by  nitric  acid  into  tartaric,  raccmic,  and  aposorbio 
acids.  It  does  not  ferment  with  yeast,  but  in  contact  with  cheese  and 
chalk,  at  40O  C.  (104O  F.),  it  undergoes  lactous  fermentation,  yielding  a 
large  quantity  of  lactic  acid,  together  with  alcohol  and  butyric  acid. 
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7.  Encalyn,  C^H^Og,  is  an  nnfermentable  sugar,  separated  in  the  fer- 
mentation of  melitose  (the  sugar  of  the  Eucalyptus  of  Tasmania),  in  con- 
sequence of  the  destruction  of  a  fermentable  kind  of  sugar,  which,  in  com- 
bination with  eocaljn,  constitutes  melitoee : 

£i|H«0,i     4-    H,0    =    2C0,    +     2C,H,0    +    C,H„0. 
Meiitose.  AicohoL  Eucalyn. 

On  evaporating  the  liquid,  the  eucalyn  remains  as  an  uncrystallizable 
syrup,  having  a  specific  rotatory  power  of  -j-  165°  nearly.  It  is  not  ren- 
dered fermentable  by  the  action  of  sulphuric  acid. 

8.  Dambose,  C,HuOj,  obtained  by  heating  dambonite  with  hydriodic 
acid,  crystallizes  in  six-sided  prisms,  melting  at  2120  C.  (413. 60  F.). 

Dambonite,  its  methylic  ether,  C,H,o(CH3)jOe,  occurs  in  a  peculiar  kind 
of  caoutchouc  from  the  Qaboon  in  West  Africa,  from  which  it  may  be  ex- 
tracted by  alcohol.  It  crystallizes  from  alcohol  in  six-sided  prisms,  dis- 
solves easily  in  water,  melts  at  190°  C.  (374^  F.),  and  sublimes  at  200O- 
210O  C.  (392^^-4100  F.)  in  slender  shining  needles. 

Glucosideb. — ^When  ordinary  glucose  is  heated  to  IOOO-1200  c. 
(212-2480  F.)  for  fifty  or  sixty  hours  with  acetic,  butyric,  stearic,  benzoic, 
and  other  organic  acids,  the  two  unite,  with  elimination  of  water,  and  com- 
pound ethers  called  glucosides  are  formed,  analogous  to  the  mannitanidcs. 
A  number  of  these  artificial  glucosides  have  been  prepared  by  Berthelot, 
who  regards  them  as  derivatives  of  glucosan,  CgHjoOj,  because  when  heated 
with  alkalies  they  yield  glucosan,  not  glucose.  Thus,  there  is  a  glucoso- 
butyric  ether  to  which  Berthelot  assigns  the  formula  C«U8(C4H70).05,  and 
an  acetic  ether,  which  he  regards  as  hexaceto-glucosan,  C«H4(C,H,(J)«0j; 
but  they  are  merely  oily  liquids,  which  are  very  difficult  to  obtain  pure, 
and  therefore  their  analyses  are  not  much  to  be  depended  on. 

A  consideral)le  number  of  bodies  of  similar  constitution  exist  ready 
formed  in  plants,  many  of  them  constituting  the  bitter  principles  of  the 
vegetable  kingdom.  None  of  these  natural  glucosides  have  been  produced 
artificially,  but  they  are  all  resohred  by  boiling  with  dilute  acids  into  glu- 
cose and  some  other  compound.  The  most  Important  of  them  will  be  de- 
scribed in  a  future  chapter. 


POLTOLUCO8IC  ALCOHOLS. 


The  compounds  of  this  group,  including  cane-sugar  and  other  bodies 
more  or  less  resembling  it,  may  be  regarded  as  formed  by  the  combination  of 
two  or  more  molecules  of  glucose,  with  elimination  of  a  number  of  mole- 
cult^s  of  water,  less  by  one  than  the  number  of  glucose  molecules  which 
enter  in  the  combination : 

2CaH„0,    —    H,0  =b    C„HjjO,i,  Diglucosio  alcohol. 

SCfcHiaO,    —    2H2O  s=    CigHjjOi,,  Triglucosio  alcohol. 

iiC,Il„0.    —     (n— 1)H,0   =    C,„UioB+,05„+j. 

The  only  known  alcohols  of  this  class  are  diglucosio  alcohols,  C,,H,/)„ ; 
but  starch,  cellulose,  and  other  plant  constituents,  appear  to  be  the  oxy- 
gen-ethers, or  anhydrides,  of  polyglucosic  alcohols  of  higher  orders. 

Cane-BTigar  or  Saocharose,  CijIIs^i,. — This  most  useful  sub- 
stance is  found  in  the  juico  of  many  of  the  grasses,  in  the  sap  of  several 
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forest  trees,  in  the  root  of  the  beet  and  the  mallow,  and  in  several  other 
plants.  Most  sweet  fruits  contain  cane-sugar,  together  with  invert  sugar 
(p.  622) ;  some,  as  walnuts,  hazel-nuts,  almonds,  coifee-beans,  and  iSt. 
John's-bread  (the  fruit  of  Ceratonia  siliqua^j  contain  only  cane-sugar. 
Honey  and  the  nectars  of  flowers  contain  cane-sugar  together  with  in- 
vert sugar  ;  the  sugar  in  the  nectary  of  cactuses  is  almost  wholly  cane- 
sugar. 

Sugar  is  extracted  most  easily  and  in  greatest  abundance  from  the  sugar- 
cane {Saccharum  ojficinarum)  y  cultivated  for  the  purpose  in  many  tropical 
countries.  The  canes  are  crushed  between  rollers,  and  the  expressed  juice 
is  Buifered  to  flow  into  a  large  vessel,  where  it  is  slowly  heated  nearly  to 
its  boiling  point.  A  small  quantity  of  slaked  lime  mixed  with  water  is 
then  added,  which  occasions  the  separation  of  a  coagulum  consisting 
chiefly  of  earthy  phosphates,  waxy  matter,  a  peculiar  albuminous  prin- 
ciple, and  mechanical  impurities.  The  clear  liquid  separated  from  the  co- 
agulum is  rapidly  evaporated  in  open  pans,  heated  by  a  strong  lire  made 
with  the  crushed  canes  of  the  preceding  year,  which  have  been  dried  in 
the  sun,  and  preserved  for  the  purpose.  When  sulficiently  concentrated, 
the  syrup  is  transferred  to  a  shallow  vessel,  and  left  to  crystallize,  during 
which  time  it  is  frequently  agitated  in  order  to  hasten  the  change  and 
hinder  the  formation  of  large  crystals.  It  is  lastly  drained  from  the  dark 
uncrystallizable  syrup,  or  molassesy  and  sent  into  commerce,  under  the 
name  of  raw  or  Muscovado  sugar.  The  refining  of  this  crude  product  is 
effected  by  redissolving  it  in  water,  adding  a  quantity  of  albumin  in  the 
shape  of  serum  of  blood  or  white  of  egg,  and  sometimes  a  little  lime-water, 
and  heating  the  whole  to  the  boiling  point :  the  albumin  coagulates,  and 
forms  a  kind  of  network  of  fibres,  which  inclose  and  separate  from  the 
liquid  all  mechanically  suspended  impurities.  The  solution  is  decolorized 
by  filtration  through  animal  charcoal,  evaporated  to  the  crystallizing 
point,  and  put  into  conical  earthen  moulds,  where  it  solidifies,  after  some 
time,  to  a  oonfusedly  crystalline  mass,  which  is  drained,  washed  with  a 
little  clean  syrup,  and  dried  in  a  stove  :  the  product  is  ordinary  loaf-sugar. 
When  the  crystallization  is  allowed  to  take  place  quietly  and  slowly,  sugar 
candy  results,  the  crystals  under  these  circumstances  acquiring  large 
volume  and  regular  form.  The  evaporation  of  the  decolorized  syrup  is 
best  conducted  in  strong  close  boilers  exhausted  of  air  :  the  boiling  point 
of  the  syrup  is  reduced  in  consequence  from  110-"^  C.  (230O  F.)  to  65.50  C. 
(15(P  F.),  or  below,  and  the  injurious  action  of  the  heat  upon  the  sugar 
is  in  great  measure  prevented.  Indeed,  the  production  of  molasses  in  the 
rude  colonial  manufacture  is  chiefly  the  result  of  the  high  and  long-con- 
tinued heat  applied  to  the  cane-juice,  and  might  be  almost  entirely  pre- 
vented }ay  the  use  of  vacuum-pans,  the  product  of  sugar  being  thereby 
greatly  increased  in  quantity,  and  so  far  improved  in  quality  as  to  become 
almost  equal  to  the  refined  article. 

In  many  parts  of  the  continent  of  Europe,  sugar  is  manufactured  on  a 
large  scale  from  beet-root,  which  contains  about  8  per  cent,  of  that  sub- 
stance. The  process  is  far  more  complicated  and  troublesome  than  that 
just  described,  and  the  raw  product  much  inferior.  When  refined,  how- 
ever, it  is  scarcely  to  be  distinguished  from  the  preceding.  In  the  Western 
States  of  America,  sugar  is  prepared  in  considerable  quantity  from  the 
sap  of  the  sugar  maple  (^Acer  saccharinuni)^  which  is  common  in  those  parts. 
The  tree  is  tapped  in  the  spring  by  boring  a  hole  a  little  way  into  the 
wood,  and  inserting  a  small  spout  to  convey  the  liquid  into  a  vessel  placed 
for  its  reception.  This  is.  lx>iled  down  in  an  iron  pot,  and  furnishes  a 
coarse  sugar,  which  is  almost  wholly  employed  for  domestic  purposes,  but 
little  finding  its  way  into  commerce. 
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Pure  sugar  slowly  separates  from  a  strong  solution  in  large,  transparent 
colorless  crystals,  having  the  figure  of  a  modified  monoclimc  prism.  The 
crystals  have  a  specific  gravity  of  1.6,  and  are  uncliangeable  in  the  air. 
Sugar  has  a  pure  sweet  taste,  is  very  soluble  in  water,  requiring  for  solu- 
tion only  one-third  of  its  weight  in  the  cold,  and  is  also  dissolved  by  alcohol, 
but  less  easily.  When  moderately  heated  it  melts,  and  solidifies  on  cool- 
ing to  a  glassy  amorphous  mass,  familiar  as  barleu-mgar. 

Cane-sugar,  heated  a  little  above  lUOO  C.  (320O  F.),  is  converted,  with- 
out loss  of  weight,  into  a  mixture  of  dextroiie  and  levolusau  (p.  623). 

CijHjjOii     =    CgH,aO^    +     CeHjoOj . 

At  a  higher  temperature,  water  is  given  off,  the  dextrose  being  probably 
converted  into  glucosan  (p.  622):  afterwards,  at  about  210O  C.  (41  (P  F.), 
more  water  goes  off,  and  a  brown  substance  called  caramel  remains, 
consisting  of  a  mixture  of  several  compounds,  all  formed  from  sugar  by 
elimination  of  water.  At  a  still  higher  temperature,  an  inflammable 
gaseous  mixture  is  given  off,  consisting  of  carbon  monoxide,  marsh-gas, 
and  carbon  dioxide  ;  a  distillate  is  obtained,  consisting  of  brown  oils,  acetic 
acid,  acetone,  and  aldehyde;  and  a  considerable  quantity  of  charcoal 
remains  behind.  The  brown  oils  contain  a  small  quantity  of  furfurol, 
and  a  bitter  substance  called  a  s  s  a  m  a  r . 

By  prolonged  boiling  with  water^  cane-sugar  is  converted  into  invert 
sugar.  This  transformation  is  accelerated  by  the  presence  of  acids,  and 
apparently  also  of  certain  salts.  Different  acids  act  with  various  degrees 
of  rapidity — mineral  more  quickly  than  organic  acids,  sulphuric  acid  most 
quickly  of  all.  By  prolonged  boiling  even  with  very  dilute  acids,  sugar  is 
decomposed,  yielding  a  number  of  brown  amorphous  products  called  u  1  m  i  n, 
ulmic  acid,*  etc. ;  if  the  air  has  access  to  the  liquid,  formic  acid  is  likewise 
produced.     Concentrated  hydrochloric  acid  decomposes  sugar  very  quickly. 

Strong  sulphuric  acid  decomposes  dry  sugar  when  heated,  and  a  con- 
centrated solution,  even  at  ordinary  temperatures,  with  copious  evolution 
of  sulphurous  oxide,  and  formation  of  a  large  quantity  of  black  carbona- 
ceous matter.  By  this  reaction  cane-sugar  may  be  distinguished  from 
glucose. 

Cane-sugar  is  very  easily  oxidized.  It  reduces  silver  and  mercury  salts 
when  heated  with  them,  and  precipitates  gold  from  the  chloride.  Pure 
cupric  hydrate  is  but  slowly  reduced  by  it,  even  at  the  boiling  heat ;  in 
presence  of  alkali,  however,  a  blue  solution  is  formed,  and  on  boiling  the 
liquid,  cuprous  oxide  is  slowly  precipitated  (p.  622).  Cane-sugar  takes 
fire  when  triturated  with  8  parts  of  lead  dioxide,  and  forms  with  potas- 
sium chlorate  a  mixture  which  detonates  on  percussion,  and  burns  vividly 
when  a  drop  of  oil  of  vitriol  is  let  fall  upon  it.  Distilled  with  a  mixture 
of  sulphuric  acid  and  manganese  dioxide,  it  yields  formic  acid.  Heated 
with  dilute  nitric  acid,  it  yields  saccharic  and  oxalic  acids.  1  part  sugar 
mixed  with  3  parts  nitric  acid,  of  specific  gravity  1.25  to  1.30,  and  heated 
to  50O  C.  (1220  F.),  is  wholly  converted  into  saccharic  acid : 

C«Hj„Oi,    -f     Oj    =     2CeH,o08    +     H,0 . 

*  Under  the  names  rUmin  And  tUmic  acidlxRve  been  confounded  a  number  of 
brown  or  black  uncrystnllizAble  substances  produced  by  the  Action  of  powerful 
chrmlcAt  agents  upon  sngAr,  Il^nin,  etc..  or  generAted  by  the  putrefactive  decAV 
of  vegetAble  tlbre.  Connmon  gnrdon  mould,  for  example,  treated  with  dilute,  boil' 
ing  solution  of  caustic  potanh,  yields  a  deep-brown  solution,  from  which  acids 

tireei[)itato  a  flocpulent,  brown  Rubstance,  having  but  a  slight  degree  of  solu- 
bility in  water  This  is  generally  called  ulmic  or  humic  acid,  and  Its  origin  is 
ascribed  to  the  ro-iction  of  the  alkali  on  the  u/fAtn  or  Aumu<  of  the  soil.  These 
bodies  differ  exceedingly  in  comi)osition,  and  are  too  :udeUuite  to  admit  of  ready 
iuvestigatiuu. 
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At  the  boiling  heat,  the  product  consists  chiefly  of  oxalic  acid.  Very 
strong  nitric  acid,  or  a  mixture  of  strong  nitric  and  sulphuric  acids,  con- 
verts sugar  into  nitrosaccharose,  probably  C,2Hig(NOj)40,i.  Sugar 
is  likewise  oxidized  by  chloride  of  lime,  but  the  products  have  not  been 
examined. 

Cane-sugar  does  not  turn  brown  when  triturated  with  alkalies,  a  cha- 
racter by  which  it  is  distinguished  from  glucose :  it  combines  with  them, 
however,  forming  compounds  called  sucrates.  By  boiling  with  potash- 
lye  it  is  decomposed,  but  much  more  slowly  than  the  glucoses. 

Potassium-  and  Sodium-compounds  of  cane-sugar, CjjHjiKO,,  and  G„H2,NaO„, 
are  formed,  as  gelatinous  precipitates,  on  mixing  an  alcoholic  solution  of 
cane-sugar  with  potash-  or  soda-lye. 

A  Barium-compoundj  Ci,H„BaOi,.HgO,  or  C„H„Oi,.BaO,  is  obtained,  as  a 
crystalline  precipitate,  on  adding  hydrate  or  sulphide  of  barium  to  an 
aqueous  solution  of  sugar.  It  may  be  crystallized  from  boiling  water,  but 
is  insoluble  in  alcohol. 

Calcium-compounds, — Lime  dissolves  in  sugar-water  much  more  rapidly 
than  in  pure  water.  The  solution  has  a  bitter  taste,  and  is  completely 
but  slowly  precipitated  by  carbonic  acid.  There  are  three  or  four  of  these 
compounds,  which  may  be  approximately  represented  by  the  following 
formula  : — 

1.  CjjHjjOji.CaO.  3.  C,.H„0,i.2Ca0.2ILO. 

2.  2CuH„Ou.3CaO  (?)  4.  C„H«Ou.3CaO. 

Magnesia  and  lead  oxide  are  also  dissolved  by  sugar-water.  A  crystalline 
lead-compound,  CijHjgPbjOji,  is  precipitated  on  mixing  sugar-water  with 
neutral  lead-acetate  and  ammonia. 

Sugar  also  forms  crystalline  compounds  with  sodium  chloride. 
Cane-sugar  is  not  directly  fermentable,  but  when  its  dilute  aqueous 
solution  is  mixed  with  yeast,  and  exposed  to  a  warm  atmosphere,  it  is  first 
resolved  into  a  mixture  of  dextrose  and  levulose,  which  then  enter  into 
fermentation,  yielding  alcohol  and  carbon  dioxide. 

Paraaaccharose,  CjjHjj^i,. — Tins  is  an  isomeride  of  cane-sugar,  pro- 
duced, according  to  Jodin,*  by  spontaneous  fermentation.  An  aqueous 
solution  of  cane-sugar  containing  ammonium  phosphate,  left  to  itself  for 
three  months  in  summer,  yielded,  under  circumstances  not  further  speci- 
fied, a  crystalline  sugar,  isomeric  with  saccharose,  together  with  an  amor- 
phous sugar  having  the  comi)08ition  of  a  glucose,  both  dextro-rotatory. 
Parasaccharose  is  very  soluble  in  water,  nearly  insoluble  in  alcohol  of  90 
per  cent.  Its  specific  rotatory  power  at  1(P  C.  (50©  F.)  =  -f  l08O,  ap- 
pearing  to  increase  a  little  with  rise  of  temperature.  It  does  not  melt  at 
lOOO,  but  becomes  colored,  and  appears  to  decompose.  It  reduces  an  al- 
kaline cupric  solution,  but  only  half  as  strongly  as  dextro-glucose.  It  is 
not  perceptibly  altered  by  dilute  sulphuric  acid,  even  at  lOOO ;  hydro- 
chloric acid  weakens  its  rotatory  power,  turns  the  solution  brown,  and 
heightens  its  reducing  power  for  cupric  oxide. 

Melitose,  CiaH^O^.—A  kind  of  sugar  obtained  from  the  manna  which 
falls  in  opaque  drops  from  various  species  of  Eucalyptus  growing  in  Tas- 
mania. It  is  extracted  by  water,  and  crystallizes  in  extremely  thin  inter- 
laced needles,  having  a  slightly  saccharine  taste. 

The  crystals  of  melitose  are  hydrated,  containing  CiaHj^O^pSHjO.    They 

•  OompteB  RenduB,  liii.  :262}  liv.  720. 
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give  off  2  molecules  of  water  at  10(P  C,  and  become  anhydrous  at  130O  C. 
(26GO  F.)'  They  dissolve  in  9  parts  of  cold  water,  very  easily  in  boiling 
water,  and  dissolves  also  in  boiling  alcohol  more  freely  than  manuite. 
The  alcoholic  solution  yields  small  but  well-developed  crystals.  The 
aqueous  solution  turns  the  plane  of  polarization  to  the  right :  for  the 
transition  tint  [«]  =a  -}-  102^. 

Melitose,  heated  with  dilute  sulphuric  acid,  is  resolved  into  a  fermenta^ 
ble  sugar  (probably  dextrose),  and  non-fermentable  eucalyn  (p.  624). 
Melitose  ferments  in  contact  with  yeast,  but  is  resolved,  in  the  first  in- 
stance, into  glucose  and  eucalyn.  It  does  not  reduce  an  alkaline  cupric 
solution,  and  is  not  altered  by  boiling  with  dilute  alkalies  or  with  baryta- 
water.  It  is  oxidized  by  nitric  acid,  yielding  a  certain  quantity  of  mucic 
acid,  together  with  a  large  quantity  of  oxalic  acid. 

Melesltose,  C12H22O,,. — This  variety  of  sugar  is  found  in  the  so-called 
manna  of  BriauQon,  which  exudes  from  the  young  shoots  of  the  larch 
(^Larix  europcea).  The  manna  is  exhausted  with  alcohol,  which,  when 
evaporated,  yields  melezitose  in  very  small,  hard,  shining,  efflorescent 
crystals,  which  give  off  4  per  cent,  of  water  when  heated,  and  molt  below 
1400  C.  (2dP  F.)  without  further  alteration,  forming  a  liquid  which  solidi- 
fies to  a  glass  on  cooling.  Melezitose  is  dextro-rotatory  ;  [a]  =s  -f-  94. 1^. 
It  dissolves  easily  in  water,  is  nearly  insoluble  in  cold,  slightly  soluble  in 
boiling  alcohol. 

Melezitose  decomposes  at  about  20(P  C.  (392C  F.).  It  is  carbonized  by 
cold  strong  sulphuric  acid,  quickly  turns  brown  with  boiling  hydrochloric 
acid,  and  forms  oxalic  acid  with  nitric  acid.  By  an  hour's  boiling  with 
dilute  sulphuric  acid,  it  is  converted  into  glucose.  In  contact  with  yeast, 
it  passes  slowly,  or  sometimes  not  at  all,  into  vinous  fermentation.  It  is 
not  altered  at  10(P  C.  by  aqueous  alkalies,  and  scarcely  by  potassio-cuprio 
tartrate. 

Trehalose,  C^2^±fl\r^^-fli  ^^  obtained  from  Trehala  mannas  the  produce 
of  a  species  of  Echinops  growing  in  the  East,  by  extraction  with  boiling 
alcohol.  It  forms  shining  rhombic  crystals,  containing  C,,UgO„.2H20, 
which  melt  when  quickly  heated  to  109©  c.  (228.2^  F.)  ;  but  if  slowly 
heated  give  off  their  water  even  below  100^.  It  has  a  strongly  saccharine 
taste,  dissolves  easily  in  water  and  in  boiling  alcohol,  but  is  insoluble 
in  ether.     The  aqueous  solution  is  dextro-rotatory ;  [«]  =  -f-  1990. 

By  several  hours'  boiling  with  dilute  sulphuric  acid,  it  is  converted  into 
dextrose.  With  strong  nitric  acid  it  forms  a  detonating  nitro-compound  ; 
heated  with  dilute  nitric  acid  it  yields  oxalic  acid.  In  contact  with  yeast 
it  passes  slowly  and  imperfectly  into  alcoholic  fermentation.  It  is  not 
altered  by  boiling  with  alkalies,  and  does  not  reduce  cuprous  oxide  from 
alkaline  cupric  solutions.  Heated  with  acetic  or  butyric  acid,  it  yields 
compounds  not  distinguishable  from  those  which  ure  formed  in  like  manner 
from  dextrose  (p.  621). 

Mycose,  C,2H220,,.2HjO,  is  a  kind  of  sugar,  very  much  like  trehalose, 
obtained  from  ergot  of  rye  by  precipitating  the  aqueous  extract  of  the 
fungus  with  basic  lead  acetate,  removing  the  lead  from  the  filtrate  by  sul- 
phydric  acid,  evaporating  to  a  syrup,  and  leaving  the  liquid  to  crystallize. 
It  differs  from  trehalose  only  in  possessing  a  somewhat  feebler  rotatory 
power ;  [«]  =»-|-  192.50,  and  in  not  being  completely  dehydrated  at  lOOO. 

Synanthroee,  C,2lI-..0,,,  occurs  in  the  tubers  of  Dahtia  vannbilis^  of  the 
Jerusalem  ai'tichoke  (iJelianthtu  tuberosw)^  and  other  plants  of  the  compo- 
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site  or  synanthraceons  order.  It  is  a  light  amorphous  powder,  very  deli- 
quescent, not  sweet,  and  without  action  on  polarized  light.  It  is  resolved 
by  dilute  acids  or  by  yeast  into  dextrose  and  levulose,  and  yields  saccharic 
acid  by  oxidation. 

Milk-BUgar,  Laotln,  or  Lactose,  C,2H„0ii.H,0. — ^Thiskind 
of  sugar  is  an  important  constituent  of  milk  :  it  is  obtained  in  large  quan- 
tities by  evaporating  whey  to  a  syrupy  state,  and  purifying  the  lactose, 
which  slowly  crystallizes  out,  with  animal  charcoal.  It  forms  white, 
translucent,  four-sided,  trimetrio  prisms,  of  great  hardness.  It  is  slow  and 
difficult  of  solution  in  cold  water,  requiring  for  that  purpose  five  or  six  times 
its  weight.  Its  specific  rotatory  power  in  aqueous  solution  is  [a]^4-  58. 30. 
It  has  a  faint,  sweet  taste,  and  in  the  solid  state  feels  gritty  between  the 
teeth.  When  heated,  it  loses  water,  and  at  a  high  temperature  blackens 
and  decomposes.  Milk-sugar  combines  with  bases,  forming  compounds 
which  have  an  alkaline  reaction,  and  are  easily  decomposed.  Dilute  acids 
convert  it  into  galactose  (p.  613). 

Milk-sugar,  when  distilled  with  oxidizing  mixtures,  such  as  sulphuric 
acid  and  manganese  dioxide,  yields  formic  acid.  With  nitric  acid,  it  forms 
mucic,  saccharic,  tartaric,  and  a  small  quantity  of  racemic  acid,  and  finally 
oxalic  acid.  Very  strong  nitric  acid,  or  a  mixture  of  nitric  and  sulphuric 
acids,  converts  milk-sugar  into  a  crystalline  substitution-product  called 
nitrolactin. 

Milk-sugar  is  not  brought  immediately  by  yeast  into  the  state  of  alcoholic 
fermentation  ;  but  when  it  is  left  for  some  time  in  contact  with  yeast,  fer- 
mentation gradually  sets  in.  When  cheese  or  gluten  is  used  as  the  ferment, 
the  milk-sugar  is  converted  into  lactic  acid.  Alcohol  is,  however,  always 
formed  at  the  same  time,  especially  if  no  chalk  is  added  to  neutralize  the 
acid  as  it  forms ;  the  quantity  of  alcohol  formed  is  greater  also  as  the 
solution  is  more  dilute. 

Maltose. — ^This  is  a  sugar  isomeric  with  lactose,  produced  by  the 
action  of  malt-extract  on  starch.  It  is  less  soluble  in  alcohol  than  dex- 
trose, has  a  reducing  power  about  two-thirds  as  great  as  that  of  dextrose, 
and  a  specific  rotatory  power  of  +  5(P.  By  the  prolonged  action  of  acids 
it  is  converted  into  dextrose. 


OXTOBN-BTHEBS   OB  ANHTDBIDB8   OF  THE  POLT-OLUCOSIC   ALCOHOLS — 

AXTLOSBS. 

These  compounds,  which  are  important  constituents  of  the  vegetable 
organism,  may  be  derived  from  glucose  and  the  poly-glucosic  alcohols  by 
al^ traction  of  a  molecule  of  water : 

C,H„0,       -  H,0        =        C,H„0„ 

Qlucose. 

C,,H.^O„      —        H,0        =        C„HaoG,o,  or  2CeH,  A, 
Dlglucoaio 
alcohol. 

CiftHajO,-     —        HgO        =        CjgHjoOis,  or  SCgHj^Oj, 
Tnglucosic 
alcohol. 
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All  these  bodies  are  therefore  isomeric  or  polymeric  one  with  the  other. 
Their  compounds  with  metallic  oxides,  etc.,  have  not  been  sufficiently  in- 
▼estigated  to  fix  their  exact  molecular  weight,  or  to  determine  in  each  case 
the  value  of  n;  but  from  the  mode  of  conversion  of  starch  into  glncose, 
and  the  constitution  of  certain  substitution-products  obtained  by  the  action 
of  nitric  acid  on  cellulose,  it  appears  most  probable  that  in  these  bodies 
It  =  3. 

8  tar  oh,  nC^K^fi^f  probably  CjgHsoO,,,  also  called  Fentla  and  Anddin. 
«— This  is  one  of  the  most  important  and  widely  diffused  of  the  vegetable 
proximate  principles,  being  found  to  a  greater  or  less  extent  in  every  plant. 
It  is  most  abundant  in  certain  roots  and  tubers,  and  in  soft  stems  :  seeds 
often  contain  it  in  large  quantity.  From  these  sources  the  starch  can  be 
obtained  by  rasping  or  grinding  the  vegetable  structures  to  pulp,  and 
washing  the  mass  upon  a  sieve,  by  which  the  torn  cellular  tissue  is  re- 
tained, while  the  starch  passes  through  with  the  liquid,  and  eventually 
settles  down  from  the  latter,  as  a  soft,  white,  insoluble  powder,  which  may 
be  washed  with  cold  water,  and  dried  at  a  very  gentle  heat.  Potatoes 
treated  in  this  manner  yield  a  large  proportion  of  starch.  Starch  from 
grain  may  be  prepared  in  the  same  manner,  by  mixing  the  meal  with 
water  to  a  paste,  and  washing  the  mass  upon  a  sieve  :  a  nearly  white  in- 
soluble substance  called  gluten  is  then  left,  containing  a  large  proportion 
of  nitrogen.  The  gluten  of  wheat  flour  is  extremely  tenacious  and  elastic. 
The  value  of  meal  as  an  article  of  food  greatly  depends  upon  this  substance. 
Starch  from  grain  is  commonly  manufactured  on  the  large  scale  by  steeping 
the  material  in  water  for  a  considerable  time,  when  the  lactic  acid,  always 
developed  under  such  circumstances  from  the  sugar  of  the  seed,  disinte- 
grates, and  in  part  dissolves  the  azotized  matter,  thereby  greatly  facilitating 
the  mechanical  separation  of  that  which  remains.     A  still  more  easy  and 

successful  process  has  lately  been  introduced, 
Fig.  174.  in  which  a  very  dilute  solution  of  caustic  soda, 

containing  about  200  grains  of  alkali  to  a  gallon 
of  liquid,  is  employed  with  the  same  view. 
Excellent  starch  is  thus  prepared  from  rice. 
Starch  is  insoluble  in  cold  water,  as  indeed  its 
mode  of  preparation  sufficiently  shows  ;  it  is 
equally  insoluble  in  alcohol  and  other  liquids, 
which  do  not  etfect  its  decomposition.  To  the 
naked  eye  it  presents  the  appearance  of  a  soft, 
white,  and  often  glistening  powder  :  under  the 
microscope  it  is  seen  to  be  altogether  destitute 
of  crystalline  structure,  but  to  possess,  on  the 
contrary,  a  kind  of  organization,  being  made 
up  of  multitudes  of  little  rounded  transparent 
bodies,  upon  each  of  which  a  series  of  de- 
pri'saed  parallel  rings,  surrounding  a  central 
spot  or  hilum,  may  often  be  traced.  The  starch- 
granules  from  different  plants  vary  both  in  magnitude  and  form :  those 
from  the  Canna  coccinea^  or  tons  les  mois^  and  potato  being  tlie  largest ;  and 
those  from  wheat,  and  the  cereals  in  general,  very  much  smaller.  Figure 
174  represents  granules  of  potato-starch,  highly  magnified. 

When  a  mixture  of  starch  and  water  is  heated  to  near  the  boiling  point 
of  the  latter,  the  granules  burst  and  disappear,  producing,  if  the  propor- 
tion of  starch  is  considerable,  a  tliick  gelatinous  mass,  very  slightly  opa- 
lescent, from  the  shre<is  of  fine  membrane,  the  envelope  of  each  separate 
granule.  By  the  addition  of  a  large  quantity  of  water,  this  gelatinous 
starch,  or  amidin,  may  be  so  far  diluted  as  to  pass  in  great  measure  through 
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filter-paper.  It  is  very  doubtful,  however,  how  far  the  subatanoe  itself 
is  really  soluble  in  water,  at  least  when  cold ;  it  is  more  likely  to  be 
merely  suspended  in  the  liquid  in  the  form  of  a  swollen,  transparent,  and 
insoluble  jelly,  of  extreme  tenuity,  (relatiuous  starch,  exposed  in  a  thin 
layer  to  a  dry  atmospliere,  becomes  converted  into  a  yellowish,  horny  sub- 
tance,  like  gum,  which,  when  put  into  water,  again  softens  and  swells. 

Thin  gelatinous  starch  is  precipitated  by  many  of  the  metallic  oxides, 
as  lime,  baryta,  and  lead  oxide ;  also  by  a  large  addition  of  alcohol. 
Infusion  of  galls  throws  down  a  copious  yellowish  precipitate  containing 
tannic  acid,  which  re-dissolves  when  the  solution  is  heated.  By  far  the 
most  characteristic  reaction,  however,  is  that  with  free  iodine^  which  forms 
with  starch  a  deep  indigo-blue  compound,  which  appears  to  dissolve  in 
pure  water,  although  it  is  insoluble  in  solutions  containing  free  acid  or 
saline  matter.  The  color  of  the  blue  liquid  is  destroyed  by  heat,  tempo- 
rarily if  tlie  heat  be  quickly  withdrawn,  and  permanently  if  the  boiling 
be  long  continued,  in  which  case  the  compound  is  decomposed,  and  the 
iodine  volatilized.  Dry  starch,  put  into  iodine-water,  acquires  a  purplish- 
black  color. 

The  unaltered  and  the  gelatinous  starch,  when  dry,  have  the  same  em- 
pirical formula,  CgHigO^.  A  compound  of  starch  and  lead  oxide  was  found 
to  contain,  when  dried  at  lOOO,  CgHjpOj.PbO,  or  CigHjoOu.SPbO. 

Starch  is  an  important  article  of  food,  especially  when  associated,  as  in 
ordinary  meal,  with  albuminous  substances.  Arrow-root,  and  the  fecula 
of  the  Canna  coccineaj  are  very  pure  varieties,  employed  as  articles  of  diet ; 
arrowroot  is  obtained  from  the  Maranta  arundinacea^  cultivated  in  the  West 
Indies  ;  it  is  with  difficulty  distinguished  from  potato-starch. — Tapioca  is 
prepared  from  the  root  of  the  Jatropha  Manihot^  being  thoroughly  purifled 
from  its  poisonous  juice.^Cowtava  is  the  same  substance  modified  while 
moist  by  heat. — Sago  is  made  from  the  soft  central  portion  of  the  stem  of 
a  palm ;  and  Salep  from  the  fleshy  root  of  the  Orchis  mascula. 

Starch  proic  Icblawd  Moss. — ^The  lichen  called  Cetraria  IslandicOj  puri- 
fied by  a  little  cold  solution  of  potash  from  a  bitter  principle,  yields,  when 
boiled  in  water,  a  slimy  and  nearly  colorless  liquid,  which  gelatinizes  on 
cooling,  and  dries  up  to  a  yellowish  amorphous  mass,  which  does  not  dis- 
solve in  cold  water,  but  merely  softens  and  swells.  A  solution  of  this  sub- 
stance in  warm  water  is  not  affected  by  iodine,  although  the  jelly  is  turned 
blue.  It  is  precipitatejl  by  alcohol,  lead  acetate,  and  infusion  of  galls,  and 
is  converted  into  glucose  by  boiling  with  dilute  sulphuric  acid.  Accord- 
ing to  Mulder,  it  contains  CgHioOj.  The  jelly  from  certain  algoi,  as  that  of 
Ceylon,  and  the  so-called  Carragheen  moss^  closely  resembles  the  above. 

Inclin. — ^This  substance  which  differs  from  common  starch  in  some  im- 
portant particulars,  is  found  in  the  root  of  Inula  Uelenium,  Hdianthus  tube" 
rosus,  DaJdia,  and  several  other  plants  :  it  may  be  easily  obtained  by  wash- 
ing the  rasped  root  on  a  sieve,  and  allowing  the  inulin  to  settle  down  from 
the  liquid ;  or  by  cutting  the  root  into  thin  slices,  boiling  these  in  water, 
and  hltering  while  hot ;  the  inulin  separates  as  the  solution  cools.  It  is  a 
white,  amorphous,  tasteless  substance,  nearly  insoluble  in  cold  water,  but 
freely  dissolved  by  the  aid  of  heat ;  the  solution  is  precipitated  bv  alco- 
hol, but  not  by  acetate  of  lead  or  infusion  of  galls.  Iodine  colors  it  brown. 
Inulin  has  the  same  percentage  composition  as  common  starch.  Bv  boil- 
ing with  dilute  acids,  it  is  completely  converted  into  levulose  (p.  622). 

Olyoogen,  nC^HjoOs,  was  obtained  by  Bernard  from  the  liver  of 
several  animals  (calf  or  pig)  by  exhaustion  with  water  and  precipitating? 
with  boiling  alcohol.     The  precipitate  is  purified  by  boiling  with  dilute 
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potash,  repeatedly  dissolving  in  strong  acetic  acid,  and  precipitating  hy 
alcohol.  Glycogen  also  enters  largely  into  the  composition  of  most  of  the 
tissues  of  the  embryo.  The  muscles  of  fcetal  calves  of  three  to  seven 
montlis  have  been  found  to  yield  from  20  to  50  per  cent,  of  it. 

Glycogen  is  a  white,  amorphous,  starch-like  substance,  without  odor  or 
taste,  yielding  an  opalescent  solution  with  water,  but  insoluble  in  alcohol. 
It  does  not  reduce  an  alkaline  solution  of  copper.  This  substance  does  not 
ferment  with  yeast,  but  is  converted  into  glucose  by  boiling  with  dilate 
acids,  or  by  contact  with  diastase,  pancreatic  juice,  saliva,  or  blood. 

Dextrin,  Cfi^fPy  When  gelatinous  starch  is  boiled  with  a  small 
quantity  of  dilute  sulphuric,  hydrochloric,  or,  indeed,  almost  any  acid,  it 
speedily  loses  its  consistency,  and  becomes  thin  and  limpid,  from  having 
suffered  conversion  into  a  soluble  gum-like  substance,  called  dextrin,  on 
account  of  its  dextro-rotatory  action  on  polarized  light.  The  experiment 
is  most  conveniently  made  with  sulphuric  acid,  which  may  be  afterwards 
withdrawn  by  saturation  with  chalk.  The  liquid  filtered  from  the  nearly- 
insoluble  gypsum  may  then  be  evaporated  to  dryness  on  a  water-bath. 
The  result  is  a  gum-like  mass,  destitute  of  crystalline  structure,  soluble 
in  cold  water,  precipitable  from  its  solution  by  alcohol,  and  capable  of 
combining  with  lead  oxide. 

When  the  boiling  with  the  dilute  acid  is  continued  for  a  considerable 
time,  the  dextrin  first  formed  undergoes  a  further  change,  and  becomes 
converted  into  dextro-glucose,  which  can  be  thus  artificially  produced  with 
the  greatest  facility.  The  length  of  time  required  for  this  change  depends 
upon  the  quantity  of  acid  present ;  if  the  latter  be  very  small,  it  is  neces- 
sary to  continue  the  boiling  many  successive  hours,  replacing  the  water 
which  evaporates.  With  a  larger  proportion  of  acid,  the  conversion  is 
much  more  speedy.  A  mixture  of  15  parts  of  potato-starch,  00  parts 
water,  and  6  parts  sulphuric  acid,  may  be  kept  boiling  for  about  four  hours, 
the  liquid  neutralized  with  chalk,  filtered,  and  rapidly  evaporated  to  a 
small  bulk.  By  digestion  with  animal  charcoal  and  a  second  filtration, 
much  of  the  color  will  be  removed,  after  which  the  solution  may  be  boiled 
down  to  a  thin  syrup,  and  left  to  crystallize :  in  the  course  of  a  few  days 
it  solidifies  to  a  mass  of  glucose. 

There  is  another  method  of  preparing  this  substance  from  starch  which 
deserves  particular  notice.  Germinating  seeds,  and  buds  in  the  act  of  de- 
velopment, are  found  to  contain  a  small  quantity  of  a  peculiar  azotized 
substance,  called  diastase,  formed  at  this  particular  period  from  the 
gluten  of  vegetable  albuminous  matter.  This  substance  likewise  converts 
starch  into  dextrin  and  glucose,  and  at  a  temperature  much  below  the 
boiling  point.  When  a  little  infusion  of  malt,  or  germinated  barley,  in 
tepid  water,  is  mixed  with  a  large  quantity  of  thick  gelatinous  starch,  and 
the  whole  kept  at  about  71^  C.  (160io  F.),  complete  liquefaction  takes  place 
in  the  space  of  a  few  minutes,  from  the  production  of  dextrin  and  glucose. 
If  a  greater  degree  of  heat  bo  employed,  the  diastase  is  coagulated  and 
rendered  insoluble  and  inactive.  Very  little  is  known  respecting  diastase 
itself ;  it  seems  very  much  to  resemble  vegetable  albumin,  but  has  never 
been  obtained  in  a  state  of  purity. 

The  change  of  starch  or  dextrin  into  sugar,  whether  produced  by  the 
action  of  dilute  acids  or  by  diastase,  takes  place  quite  independently  of 
the  oxygen  of  the  air,  and  is  unaccompanied  by  any  secondary  product. 
The  acid  takes  no  direct  part  in  the  reaction ;  it  may,  if  not  volatile,  be  all 
withdrawn  without  loss  after  the  experiment.  The  whole  reaction  lies  be- 
tween the  starch  and  the  elements  of  water,  a  fixation  of  the  latter  occur- 
ring in  the  now  product,  as  will  be  seen  on  comparing  the  composition  of 
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starch  and  glucose.  Dextrin  itself  has  exactly  the  same  composition  as 
the  original  starch. 

It  was  formerly  supposed  that,  in  the  action  of  acids  [or  of  diastase] 
upon  starch,  the  starch  is  first  converted  into  dextrin  by  a  mere  alteration 
of  physical  structure,  and  that  the  dextrin  then  takes  up  the  elements  of 
water,  and  is  converted  into  glucose,  this  second  stage  of  the  process  occu- 
pying a  much  longer  time  than  the  first ;  but  from  the  experiments  of 
Musculus*  it  appears  that  when  the  conversion  is  efl"ected  by  a  dilute  acid, 
both  dextrin  and  glucose  are  produced  at  the  v*iry  commencement  of  the 
reaction,  and  always  in  the  proportion  of  1  molecule  of  glucose  to  2  mole- 
cules of  dextrin :  whence  it  may  be  inferred  that  the  molecule  of  starch 
contains  CjgHjoOij,  and  that  it  is  resolved  into  glucose  and  dextrin  by  taking 
up  a  molecule  of  water : 

%H,,0„    +     H,0    =    C.H„0,    +    2C,H„0, 
btaroo.  Giucose.  Dextrin. 

and  that  the  dextrin,  after  several  hours'  boiling,  is  completely  converted 
into  glucose,  which  is  therefore  the  sole  ultimate  product  of  the  reaction. 
When  malt  extract  is  used  as  the  converting  agent  the  starch  is  first  re- 
solved into  dextrin  and  maltose  (p.  629),  in  various  proportions  according 
to  the  temperature  and  other  conditions  of  the  reaction  ;  and  the  dextrin 
is  afterwards  very  gradually  converted  into  maltose,  f 

Dextrin  is  used  in  the  arts  as  a  substitute  for  gum  ;  it  is  sometimes 
made  in  the  manner  above  described,  but  more  frequently  by  heating  dry 
potato-starch  to  400O  C.  (7520  p.),  by  which  it  acquires  a  yellowish  tint 
and  becomes  soluble  in  cold  water.  It  is  sold  in  this  state  under  the  name 
of  British  Gum. 

Cellulose,  nCeHiyOg,  probably  CigH.oO,5  ;  also  called  Lignin, — ^This 
substance  constitues  the  fundamental  material  of  the  structure  of  plants  : 
it  is  employed  in  the  organization  of  cells  and  vessels  of  all  kinds,  and 
forms  a  large  proportion  of  the  solid  parts  of  every  vegetable.  It  must 
not  be  confounded  with  ligneous  or  woody  tissue j  which  is  in  reality  cellulose 
with  other  substances  superadded,  encrusting  the  walls  of  the  original 
membraneous  cells,  and  conferring  stiffness  and  inflexibility.  Pure  cellu- 
lose, on  the  other  hand,  has  the  same  percentage  composition  as  starch  ; 
but  woody  tissue,  even  when  freed  as  much  as  possible  from  coloring  matter 
and  resin  by  repeated  boiling  with  water  and  alcohol,  yields,  on  analysis, 
a  result  indicating  an  excess  of  hydrogen  above  that  required  to  form  water 
with  the  oxygen,  besides  traces  of  nitrogen. 

The  properties  of  cellulose  may  be  conveniently  studied  in  fine  linen 
and  cotton,  which  are  almost  entirely  composed  of  it,  the  associated  vege- 
table principles  having  been  removed  or  destroyed  by  the  variety  of  treat- 
ment to  which  the  fibre  has  been  subjected.  Pure  cellulose  is  tasteless,  in- 
soluble in  water  and  alcohol,  and  absolutely  innutritions  :  it  is  not  sensibly 
affected  by  boiling  water,  unless  it  happens  to  have  been  derived  from  a 
soft  or  imperfectly  developed  portion  of  the  plant,  in  which  case  it  is  dis- 
integrated and  rendered  pulpy.  Dilute  acids  and  alkalies  exert  but  little 
action  on  the  cellulose,  even  at  a  boiling  temperature.;  strong  oil  of  vitriol 
converts  it,  in  the  cold,  into  a  nearly  colorless,  adhesive  substance,  which 
dissolves  in  water,  and  presents  the  characters  of  dextrin.  This  trans- 
formation may  be  conveniently  effected  by  very  slowly  adding  concen- 
trated sulphuric  acid  to  half  its  weight  of  lint,  or  linen  cut  into  small 
shreds,  taking  care  to  avoid  any  rise  of  temperature,  which  would  be 

•  Oomptea  Rendus,  1.  785 ;  llv.  19 ( ;  Ann.  Oh.  Phya.  [3],  Ix  208  ;  [4],  v  177. 
t  O'Sullivan,  Chcm.  Soc.  J.  1876,  ii.  126. 
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attended  with  charring  or  blackening.  The  mixing  is  completed  bv  trita> 
ration  in  a  mortar,  and  the  whole  left  to  stand  a  few  hours  ;  after  which 
it  is  rubbed  up  with  water,  warmed,  and  filtered  from  a  little  insoluble 
matter.  The  solution  may  then  be  neutralized  with  chalk,  and  again  fil- 
tered. The  gummy  liquid  retains  lime,  partly  in  the  state  of  sulphate, 
and  partly  in  combination  with  sulpholignio  acid,  an  acid  composed  of  the 
elements  of  sulphuric  acid  in  union  with  those  of  cellulose.  If  the  liquid, 
previous  to  the  neutralization,  be  boiled  during  three  or  four  hours,  and 
the  water  replaced  as  it  evaporates,  the  dextrin  becomes  entirely  changed 
into  glucose.  Linen  rags  may,  by  these  means,  be  mxuie  to  furnish  more 
than  their  own  weight  of  that  substance. 

If  a  piece  of  unsized  paper  be  dipped  for  a  few  seconds  into  a  mixture 
of  2  volumes  of  concentrated  sulphuric  acid  and  1  volume  of  water,  and 
then  thoroughly  washed  with  water  and  dilute  ammonia,  a  substance  is 
obtained  which  resembles  parchment,  and  has  the  same  composition  as 
celluloiie ;  it  occurs  in  commerce  under  the  name  of  parchment  paper 
(papyrin).  An  excellent  application  of  this  substance  in  diifusion  experi- 
ments is  mentioned  on  p.  144. 

Cellulose  dissolves  in  an  ammoniacal  solution  of  cnpric  oxide  (prepared 
by  dissolving  basic  cuprio  carbonate  in  strong  ammonia),  from  which  it  iB 
precipitated  by  acids  in  colorless  flakes. 

Cellulose  is  not  colored  by  iodine. 

Xtloidin  and  Ptroxtliw. — ^When  the  starch  is  mixed  with  liitric  acid 
of  specific  gravity  1.5,  it  is  converted,  without  disengagement  of  gas,  into 
a  transparent,  colorless  jelly,  which,  when  put  into  water,  yields  a  white, 
curdy,  insoluble  substance :  this  is  xylotdin.  When  dry,  it  is  white  and 
tasteless,  insoluble  even  in  boiling  water,  but  freely  dissolved  by  dilute 
nitric  acid,  and  the  solution  yields  oxalic  acid  when  boiled.  Other  sub- 
stances belonging  to  the.  same  class  also  yield  xylo'idin  ;  paper  dipped  into 
the  strongest  nitric  acid,  quickly  plunged  into  water,  and  afterwards  dried, 
becomes  in  great  part  so  changed :  it  assumes  the  appearance  of  parch- 
ment, and  becomes  highly  combustible. 

If  pure  finely  divided  cellulose,  such  as  ootton-wool,  be  steeped  for  a  few 
minutes  into  a  mixture  of  nitric  acid  of  sp.  gr.  1.5  and  concentrated  sul- 
phuric acid,  then  squeezed,  thoroughly  washed,  and  dried  by  very  gentle 
heat,  it  will  be  found  to  have  increased  in  weight  about  70  per  cent.,  and 
to  have  become  highly  explosive,  taking  fire  at  a  temperature  not  much 
above  1490  C.  (30(P  F.),  and  burning  without  smoke  or  residue.  This  is 
pyroxylin^  the  gun-cotton  of  SchOnbein. 

Xylo'idin  and  pyroxylin  are  substitution-products  consisting  of  starch 
and  cellulose  in  which  the  hydrogen  is  more  or  less  replaced  by  nitryl, 
NO,.  Xyloidin  consists  of  C8H,(N02)05,  or  C,gH„(N0,)H0,5.  Of  pyroxylin 
several  varieties  are  known,  distinguished  by  their  different  degrees  of 
stability  and  solubility  in  alcohol,  ether,  and  other  liquids.  According  to 
Hadow,*  the  three  principal  varieties  are : — 

«.— Ci8Hji(NO,),0,5,  or  CjH,(N0j)j05,  insoluble  in  a  mixture  of  ether 
and  alcohol,  but  soluble  in  ethylio  acetate.  It  is  produced  by  repeated 
immersion  of  ootton-wool  in  a  mixture  of  2  molecules  of  nitric  acid,  HNO,, 
2  molecules  of  oil  of  vitriol,  H^SOi,  and  3  molecules  of  water. 

5.— C|,H22(N02)gOj5,  soluble  in  ether-alcohol,  insoluble  in  glacial  acetio 
acid.  Produced  when  the  acid  mixture  contains  half  a  molecule  more 
water  than  in  «. 

y.— <]!i8H2s(N02)70i3  (Gladstone's  cotton-xylof(Un)y  soluble  in  ether  and  in 

*  Chem.  Soo  Journal,  vll.  201.— A  leries  of  elaborate  and  valuable  rescarrhea 
on  f^n-eottnn  has  been  publUbed  by  Abel  (Proceed.- Boy al  Soc.)  xv.  1S2;  Chem. 
6oe.  Journ.  [2],  xv.  3IU. 
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glacial  acetic  acid.  Produced  when  the  acid  mixture  contains  one  molecule 
more  water  than  in  a. 

The  first  of  these,  which  consist  of  trinitrocellidosey  is  the  most  explosive 
of  the  three,  and  the  least  liable  to  spontaneous  decomposition.  It  is  the 
only  one  adapted  for  use  as  an  explosive  agent,  and  is  especially  distin- 
guished as  *' gun-cotton."  From  the  experiments  of  General  von  Lenk,  of 
the  Austrian  service,  it  appears  that,  to  insure  the  uniform  production  of 
this  particular  compound,  the  following  precautions  are  necessary : — 

1.  The  cleansing  and  perfect  desiccation  of  the  cotton  previously  to  its 
immersion  in  the  mixed  acids.  2.  The  employment  of  the  strongest  acids 
procurable  in  commerce.  3.  The  steeping  of  the  cotton  in  a  fresh  strong 
mixture  of  acids  after  the  first  immersion  and  partial  conversion  into  gun- 
ootton.  4.  The  oontinuance  of  the  steeping  for  forty -eight  hours.  5.  The 
thorough  purification  of  the  gun-cotton  thus  produced  from  every  trace  of 
free  acid,  by  washing  the  product  in  a  stream  of  water  for  several  weeks ; 
subsequently  a  weak  solution  of  potash  may  be  used,  but  this  is  not 
essential. 

The  solution  of  the  less  highly  nitrated  compounds  in  alcohol  and  ether 
is  called  collodion.  This  solution,  when  left  to  evaporate,  dries  up 
quickly  to  a  thin,  transparent,  adhesive  membrane :  it  is  employed  with 
great  advantage  in  surgery  as  an  air-tight  covering  for  wounds  and  burns. 
It  is  also  largely  used  in  photography  (p.  96). 

Ttmlcin,  CgHjgO^,  is  a  substance  closely  resembling  vegetable  cellulose, 
and  perhaps  ideutical  therewith,  occurring  in  the  mantle  of  Ascidians 
{Cynthia,  AUlusia,  etc.),  from  which  it  may  be  separated  by  boiling  the 
mantles,  first  with  hydrochloric  and  then  with  strong  potash-solution,  and 
washing  with  water.  When  treated  with  strong  sulphuric  acid,  it  deli- 
quesces to  a  colorless  liquid,  which,  after  boiling  with  water,  is  found  to 
contain  a  glucose. 

Gum. — Gum-arabic,  which  is  the  produce  of  several  species  of  acacia 
growing  in  Egypt  and  Arabia,  may  be  taken  as  the  type  of  this  class  of 
bodies.  When  pure,  it  forms  white  or  slightly  yellowish  irregular  masses, 
which  are  destitute  of  crystalline  structure,  and  break  with  a  smooth  con- 
cho'idal  fracture.  It  is  soluble  in  cold  water,  forming  a  viscid,  adhesive, 
tasteless  solution.  It  consists  of  the  potassium  and  calcium  salts  of  ara- 
bin  or  arabic  acid,  which  may  be  precipitated  from  the  aqueous  sol u- 
tion  by  addition  of  hydrochloric  acid  and  alcohol,  as  a  white  amorphous 
mass.  Arabin,  when  dried  at  lOlP  C. ,  has  the  composition  CjHjqOj  -f-  ^HjO, 
or  2C,HiQ05-f-  H,0,  and  is  therefore  isomeric  with  cane-sugar;  at  15(P  C. 
(302O  F.),  it  gives  off  all  its  water,  leaving  a  residue  having  the  compo- 
sition CjIIiqOj. 

Gum-arabic  contains  70.4  per  cent,  arabin  and  17.6  water,  the  remaining 
12  per  cent,  consisting  of  metallic  salts,  silica,  iron  oxide,  etc.  Its  aqueous 
solution  turns  the  plane  of  polarization  to  the  left,  and  gives  precipitates 
with  basic  lead  acetate,  copper  salts,  etc.  Arabin  is  oxidizeii  by  nitric 
acid  to  mucic  and  saccharic  acids.  Heated  with  dilute  sulphuric  acid,  it 
is  converted  into  a  non-fermentable  glucose  called  arabi nose,  which 
crystallizes  in  rhombic  needles,  and  exhibits  strong  dextro-rotation. 

Gum  Senegal,  obtained  from  a  species  of  acacia  growing  in  Senegal,  is  very 
much  like  gum-arabic,  but  usually  occurs  in  larger  lumps.  It  contains 
81.1  per  cent,  arabin,  1.6  water,  and  2  or  3  per  cent,  of  saline  matters. 
It  forms  a  somewhat  stronger  mucilage  than  gum-arabic,  and  is  much  used 
in  calico-printing  for  thickening  colors  and  mordants. 

Mucilage,  abundant  in  linseed,  in  the  roots  of  the  mallow,  in  salep,  the 
fleshy  root  of  Orchis  masada,  and  in  other  plants,  dillers  in  some  respects 
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from  gum-arabic,  although  it  agrees  in  the  property  of  dissolving  in  cold 
water.  The  solution  is  less  transparent  than  that  of  gum,  and  is  precipi- 
tated by  neutral  lead  acetate.  Gum-tragacanth,  from  Astragalus  varus,  a  tree 
growing  in  Armenia  and  the  north  of  Persia,  is  chiefly  composed  of  a  kind 
mucilage  called  bassorin;  it  does  not  dissolve  in  water,  but  merely  softens 
and  assumes  a  gelatinous  aspect.  It  is  dissolved  by  caustic  alkali.  Cerasin 
is  the  insoluble  portion  of  the  gum  of  the  cherry  tree  ;  it  resembles  basso- 
rin. The  composition  of  these  various  substances  agrees  closely  with  that 
of  starch.    Mucilage  treated  with  acids  yields  dextrose. 


AMINES. 

These  are  compounds  which  may  lie  derived  from  hydrocarbons  by  sub- 
stitution of  the  univalent  radicle  amidogen,  NHj,  for  an  equivalent  quan- 
tity of  hydrogen,  or  from  the  alcohols  by  similar  substitution  of  NH,  for 
OH:  they  are  called  monamines,  diamines,  tri amines,  etc.,  ac- 
cording to  the  number  of  amidogen  groups  thus  introduced ;  thus  from 
ethane  and  the  corresponding  alcohols  are  derived  the  following  monamine 
and  diamine : 

CH, 


CH, 

CH, 

CH, 

in^CNH,) 

Ethane. 

Amidethane  or 

Ethylamine. 

CH, 

CH,.NH, 

CH, 

CHj.NH, 

Ethane. 

Diamldethane  or 

i 


JH,(OH) 
Ethyl  alcohoL 


CHj.OH 


CHj. 


.OH 
Ethene-alcohoL 


Ethane-diamlne. 


The  amines  are  basic  compounds,  capable  of  uniting  with  acids  and 
forming  salts  which  bear  a  close  resemblance  to  the  salts  of  ammonia;  the 
amines  themselves  in  the  free  state  are  also  very  much  like  ammonia,  be- 
ing volatile  bodies  having  a  more  or  less  ammoniacal  odor  and  alkaline 
reaction.  They  may,  in  fact,  be  regarded  as  derivatives  of  ammonia,  formed 
by  substitution  of  alcohol  radicles,  univalent  or  multivalent,  for  an  equiva- 
lent quantity  of  hydrogen,  in  a  single,  double,  or  triple  molecule  of  am- 
monia, NH3,  NgH,,  NjU,,  etc.,  e.  g, : 


Ethylamine, 


CH, 


CHg.NH, 

CH2>NH, 
Ethene-diamine,       I 

CH,.NH, 

C,H,(NH2), 
Diethene-triamine,   | 

CjH^.NHj 


(C,H, 

nJh, 

((C,H,)" 
N,i(C, 


H«)" 


MONAMINES. 


These  bases  are  derived  from  a  single  molecule  of  ammonia,  NH,.  Now 
this  molecule  may  give  up  one,  two,  or  all  tliree  of  its  hydrogen-atoms  in 
exchange  for  imivalent  alcohol -radicles,— >methy  I  and  its  homologous,  for 
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example, — ^prcMiucing  primary,  secondary,  and  tertiary  amines. 
If  A,  B,  C  denote  three  such  alcohol-radicles,  the  amines  formed  by  sub- 
stituting them  for  hydrogen  in  ammonia  will  be  represented  by  the  gene- 
ral formulsB : 

(A  (A  (A 

N?H  N?B  N^B 

(h  (h  (c 

Primary.  Secondary.  Tertiary. 

In  the  secondary  and  tertiary  amines  the  alcohol-radicles  denoted  by  A, 
B,  C  may  be  either  the  same  or  different ;  for  example : 

Secondary.  Tertiary. 

*     JCH,  JCH,  (CH,  tcU,  TchT 

nJcH,  nJc^Hj  N^CH,  N^CHj  N^C^Hj 

(h  (h  (ch,  (c,h.  (C,H„ 

Dimethyl-  Methyl-  Trimethyl-  Dimethyl-        Methyl-ethyl- 

amine.  ethylamine.  amine.  ethylamlne.        amylamlne. 

The  salts  of  these  amines  are  analogous  in  composition  to  the  ammonium- 
salts,  and,  like  the  latter,  may  be  regarded  either  as  compounds  of  ammo- 
nia-molecules with  acids,  or  of  ammonium-molecules  with  halogen  elements 
and  acid  radicles  analogous  thereto  (see  p.  480)  ;  thus  : 

NHg  +     HCl    =  NH4.CI,  Ammonium  chloride. 

Ammonia. 

NHjCCjHj)    -f-     HCl    =  NH3(CjH5).Cl,        Ethylammonium  chloride. 

Kthylamine. 

NHCCjHj),   -f-    HCl    SB  NHa(CjH5)j.Cl,       Diethylammonium  chloride. 
Diothylamine. 

N(C,H5)3      -I-     HCl    =  NH(C2H5),.C1,       Triethylammonium  chloride. 

Trlethylamine. 

2N(CjH5)s    -h  HjSO^  =  [NH(CgH5)8],S04,  Triethylammonium  sulphate. 

Trlethylamine. 

All  these  salts  when  heated  with  potash,  give  off  the  amine,  just  as  am- 
monia-salts give  off  ammonia. 

The  tertiary  amines  can  unite  with  the  chlorides,  etc.,  of  alcohol -radicles 
in  the  same  manner  as  with  acids :  thus  triethylamine,  NCCjHg)},  unites 
directly  with  ethyl  iodide,  CjH^I,  forming  a  compound  which  may  be  re- 
garded either  as  triethylamine  ethiodide^  J^X^3^t)f(^2^6h  ^^  ^  tetrethylammo' 
nium  iodide,  '^{CJi^)^l,  Now  this  iodide,  when  heated  with  potash,  does 
not  give  off  ammonia  or  a  volatile  ammonia-base  ;  but  when  heated  with 
silver  oxide  and  water,  it  is  converted,  by  exchange  of  iodine  for  hydroxyl, 
into  a  strongly  alkaline  base,  called  tetrethylammomwn  hydroxide,  which  may 
be  obtained  in  the  solid  state,  and  exhibits  reactions  closely  analogous  to 
those  of  the  fixed  caustic  alkalies.  Its  formation  is  represented  by  the 
equation : 

N(C,H5)J    +    AgOH     =    Agl    +     N(C,H5),(0H). 

Moreover,  this  base  can  exchange  its  hydroxyl  for  chlorine,  bromine,  and 
other  acid  radicles,  just  like  potash  or  soda,  forming  solid  crystallizable 
salts  like  the  iodide  above  mentioned.  These  compounds,  containing  four 
equivalents  of  alcohol-radicle,  are,  in  fact,  analogous  in  every  respect  to 
ammonium-salts,  excepting  that  the  corresponding  hydroxides  are  capable 
of  existing  in  the  solid  state,  whereas  ammonium  hydroxide,  NH^COH), 
splits  up,  as  soon  as  formed,  into  ammonia  and  water.  The  radicles 
NCCjHj)^,  etc.,  corresponding  with  anunonium,  are  not  known  in  the  free 
state. 
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The  monamines  containing  more  than  one  carbon-atom  are  susceptible 
of  isomeric  modifications  similar  to  those  of  the  alcohols,  and  depending 
on  the  number  of  alcohol-radicles  in  the  molecule :  thus  ethylamlne, 
CHgCCHjHj),  is  isomeric  with  dimethylamine,  NH(CHj)j ;  propylamine, 
NHjCCjU,),  is  isomeric  with  methyl-ethylamine,  NHCCHjXCjHj),  and 
with  trimethylai&ine,  NCCUg),,  etc.  etc.,  the  number  of  possible  modifica- 
tions of  course  increasing  with  the  complexity  of  the  molecules.  More- 
over, a  monamine,  either  primary,  secondary,  or  tertiary,  may  admit  of 
modification  in  the  alcohol-radicle  itself ;  thus  the  primary  monaminey 
]MH2(C3Hy),  may  exhibit  the  two  following  modifications  : — 

CH,CH,CH,  i  CH(CHj), 

N-?H  N^H 

u  (h 

'ropylamine.  Isopropylamine. 

General  Modes  of  Formation, — 1.  By  heating  the  iodides  or  bromides  of 
the  alcohol-radicles  to  10(P  in  sealed  tubes  with  alcoholic  ammonia.  The 
hydrogen  of  the  ammonia  is  then  replaced  by  the  alcohol-radicle,  forming 
a  mixture  of  primary,  secondary,  and  tertiary  amines,  which  unite  with 
the  halogen-acid,  produced  at  the  same  time,  to  form  ammonium  salts, 
thus: — 


NHj        +        C^H.I        <=        NH.(CjH5).HI 
Ethyl  iodide.  Ethylnromonium 


iodide. 

NH,        +      2C,H5l        =        NH(C,H5),.HI        +        HI 

Dietbylam  monium 
iodide. 

NH,        +      SCjHJ        =        N(C,H5),.HI  +      2HI 

Triethy  lam  monium 
iodide. 

From  the  mixture  oT  ammonium  salts  thus  obtained,  the  three  amines, 
being  yolatile,  may  be  at  once  separated  by  distillation  with  aqueous  pot- 
ash or  soda : — 

NH2(C,H5).HI    +     KOH    =    KI    -f-     Ufi    +     NH-CC^Hj) 

Ethylamine. 

NH(C,H5)2.HI    +     KOH    =    KI    -|-     Ufi    -f      NH(C,H,), 

Diethylamlne. 

1^(C,H5)3.HI       +     KOH    =    KI    4-     H,0    4-      NCC.Hg), 

Triethylamine. 

while  the  tetrethylammonium  iodide  remains  unaltered,  but  may  be  con- 
verted into  the  corresponding  hydroxide,  N(C,H5)40H,  by  the  action  of 
moist  silver  oxide  in  the  manner  already  explained. 

The  primary,  secondary,  and  tertiary  amines  cannot  be  separated  by 
fractional  distillation,  but  their  separation  may  be  effected  by  the  follow- 
ing process,  devised  by  Dr.  Hofmann.  The  mixture  is  treated  with  di- 
ethylic  oxalate  (oxalic  ether),  whereby  the  primary  amine  is  oonvert^Kl 
into  diethyloxamide  (see  Amides),  which  is  easily  soluble  in  water,  while 
the  diethylamlne  is  converted  into  the  ethylic  ether  of  diethyloxamic 
acid,  which  is  insoluble  in  water,  and  the  triethylamine  remains  un- 
altered :^ 

2NH„(C2H6)  +  Cfi^iOCfli,)^  =  C-O/NH.CjHe),  +  20^nfiU 
Ethylamina  Diethylicoxalate.  Diethyloxamide.  Alcohol. 

Nn(C,H5),    +    CACOC^H^),     =     CA<oG^if  *^*    +    ^*^fi^ 

Diethylamlne.  Ethylic  diethyl- 

oxamate. 
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On  distilling  the  product  of  this  reaction,  the  unaltered  t  r  i  e  t  h  y  1  - 
amine  passes  over.  From  the  residue,  water  extracts  the  diethylox- 
amide,  which  is  resolved  by  boiling  with  potash  into  oxalic  acid  and 
ethylamine  :~-> 

CA(NH.C,H5),    +    2K0H    =    0,0,^,    +    WU^iC^E^, 

and  the  diethyloxamic  ether,  which  is  not  dissolved  by  the  Water,  yields, 
by  distillation  with  potash,  diethylamine: — 

CA<S^^ii^'^*  +   2K0H  =  C^K,  +   C,Hj(OH)   +   NH(C,H,),  . 

The  primary  amines  may  also  be  obtained  by  the  following  processes  : 

2.  By  the  action  of  nascent  hydrogen  on  the  nitroparaffins  : — 

CH3.NO2    +     3H,    =    2HjO    +     CHs.NH- 
Nltromethane.  AmUIomethftne, 

or  MetbylAmine. 

3.  By  the  action  of  nascent  hydrogen  on  the  nitrils  (azoparafBns,  p. 

HCN        +        2H,        «        CH,.NH4 
Formonitrll.  Methylamlne. 

CH,.CN      +        2H,        »        CH,.CH».NH, 
Aoetonltril.  EthyUmine. 

4.  By  distilling  an  isooyanic  or  isooyannrio  ether  with  potash-lye  :— 

CO-N— CH,    +     2K0H    »    CO,K,    +     ||>N— CH, 
Metbyl  iBOoyanat«.  Methylamlne. 

This  reaction,  which  is  exactly  analogous  to  the  formation  of  ammonia 
from  cyanic  acid,  (CO -NH  +  2K0H  =  CO3K,  +  NHj),  is  that  by  which 
the  primary  amines  were  first  obtained  by  Wurtz. 

Amines  are  also  produced  by  special  reactions,  as  by  the  decomposition 
of  more  complex  nitrogen-compounds  and  of  amido-acids. 

I\vperties  and  Beaciiona, — ^The  amines,  as  already  observed,  bear  a  strong 
resemblance  to  ammonia.  The  lower  members  of  the  group  are  gases, 
easily  soluble  in  water,  and  having  a  strong  ammoniacal  odor  ;  they  are 
distinguished  from  ammonia  by  their  ready  combustibility.  The  higher 
meml>er8  are  liquids,  more  or  less  oily.  Amines  expel  ammonia  from  its 
salts  when  heated  with  them,  and  in  like  manner  the  monamines  are  re- 
placed by  the  diamines,  and  these  by  the  triamines :  hence  it  might  be 
inferred  that  the  basic  power  of  an  amine  increases  with  the  number  of 
alcohol-radicles  which  it  contains  ;  but  in  this,  as  in  many  similar  cases, 
the  expulsion  of  one  base  or  acid  by  another  is  a  question  of  relative  vola- 
tility as  well  as  of  strength  of  combination. 

Amines  form  double  salts  with  platinic  chloride,  auric  chloride,  and  other 
metallic  haloid  salts,  exactly  similar  to  those  of  ammonia,  e.  g, : 

Ethylammonium  Aurochloride         .         .         .     NHj,(C2H5)Cl.AuCl3 
Tetramethylammonium  Platinochlorlde  .        .     2N(C2H5)4Cl.PtCl4. 

They  can  also  replace  ammonia  in  the  alums,  and  in  the  salts  of  platin- 
ammonium,  cuprammonium,  etc.     Examples  of  such  compounds  are : 

Ethylammonium  alum  ....  (S04)jAl(NHs.C2n5)  + I2H2O 
Flatosethylammonium  chloride  .         .         .     ^^'^Cnh'^Jc^h^^CI 
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Platosodiethyldiammonium  chloride  .        .    I*t^NH*!NH'(c'H*)Cl. 

Primary  aminea  treated  with  nitrous  acid  (or  their  haloid  salts  with 
potassiam  nitrite)  are  oonverted  into  the  corresponding  alcohols;  thus  : 

C,H5.NH,    +    NO,H    =    N,    +    H,0    +    C.H^.OH. 

• 

This  reaction — analogous  to  the  resolution  of  ammonium  nitrite  into 
ammonia  and  water  (NHj  +  NO,H  =  N,  -f  2H,0)— aflbrda,  as  already  ob- 
served (p.  679),  the  means  of  passing  from  one  alcohol  of  a  series  to  the 
next  highest :  thus  methyl  alcohol  yields  methyl  cyanide  or  formonitril, 
CgHjN;  this  may  be  converted  by  nascent  hydrogen  into  ethylamine, 
CjH,N ;  and  this  base,  as  above,  into  ethyl  alcohol. 

Secondary  amines  are  converted  by  nitrous  acid  into  nitroso-compounds : 


NH(CH,),    +    NO.OH    =     H,0     + 


rNO 


DimethyUmine.  .     Nitroso- 

dimethylamlQe. 

and  tertiary  amines  are  but  slightly  attacked  by  nitrous  acid. 


METHTL   BASES. 

Methylamine   or   Amidomethane,   Cn^NsH^C — ^NH,as 

{H 
^h  •      This  base  may  be  formed  by  either  of  the  general  reactions 

above  given,  also  by  the  decomposition  of  certain  natural  alkaloids,  as 
morphine,  narootine,  and  theine ;  but  it  is  best  prepared  by  heating  me- 
thyl isocyanate  with  potash  in  a  retort  attached  to  a  receiver  cooled  by  a 
freezing  mixture.  The  distillate,  which  is  an  aqueous  solution  of  methyl- 
amine, is  saturated  with  hydrochloric  acid,  and  evaporated  to  dryness, 
whereby  a  crystalline  residue  is  obtained  consisting  of  methylammonium 
chloride ;  and  this  when  distilled  with  dry  lime  yields  methylamine  in  the 
form  of  a  gas,  which  must  be  collected  over  mercury. 

Methylamine  is  a  colorless  gas,  having  an  ammoniacal  and  slightly  fishy 
odor,  a  specific  gravity  of  1.08,  and  condensing  to  a  liquid  at  — 180  G. 
(0.4O  F.).  It  is  the  most  soluble  of  all  gases,  one  volume  of  water  at  12P 
C.  (53.60  F.)  absorbing  1040  volumes  of  the  gas  :  it  is  likewise  very  readily 
absorbed  by  charcoal.  It  is  distinguished  from  ammonia  by  its  odor,  and 
by  the  facility  with  which  it  burns.  In  its  deportment  with  acids  and 
other  substances,  however,  it  bears  the  closest  resemblance  to  ammonia. 
Its  aqueous  solution  also  possesses  all  the  properties  of  aqueous  ammonia, 
excepting  that  it  does  not  dissolve  the  oxides  of  nickel,  oobalt,  or  cadmium. 
Iodine  added  to  the  aqueous  solution,  throws  down  a  dark-red  precipitate 
of  di-iodomethylamine,  while  methylammonium  iodide  remains  in  solution : 

3(CH,.NH2)     +    21,    =    CH3.NI,    +    2(CH,.NH,.HI). 

Bromine  acts  in  a  similar  manner.  The  gas  passed  over  heated  potassiam 
is  resolved  into  cyanogen  and  hydrogen  : 

CHj.NHj    +    K    =    CNK    +     5H. 

The  salts  of  methylamine  are  easily  soluble  in  water.  The  hydrochloride, 
CH5N.HCI,  crystallizes  in  large  deliquescent  laminae,  which  melt  at  lOOO 
C,  and  distil  without  decomposition.     With  platinum  chloride  it  forms  a 


i 


ETHYL  BASES.  641 

yellow  crTBtalline  precipitate  of  the  platinochloridey  2(Cn5N.HCl).PtCl4,  and 
with  aurio  chloride  the  double  salt,  CUj^N.HCl.AuCl,,  which  crystallizes 
in  needles.  Methylamine  also  foniis  platinum-bases  analogous  to  the 
ammonio-platinam  compounds  (p.  442). 

Dlmethylamine,  C^H^N  =  NH(CH3)2,  isomeric  with  ethylamine,  is 
formed  by  heating  ammonia  with  methyl  iodide,  and  separated  from  simul- 
taneously formed  methylamine  and  trimethylamine  by  means  of  oxalic 
ether  (p.  638).  It  is  a  gas  which  dissolves  easily  in  water,  and  condenses 
to  a  liquid  below  +  8^  ^»  (46.4P  F.).  Its  platinochloride  crystallizes  in 
large  needles. 

Trimethylamine,  CsH^N  cs  NCCH,),,  isomeric  with  propylamine  and 
methyl-ethylamine,  is  obtained  in  perfect  purity  by  the  action  of  heat  on 
tetramethyl-ammonium  hydroxide,  which  is  thereby  completely  resolved 
into  trimethylamine  and  methyl  alcohol : 

N(CH,),OH  »  N(CH,),  +  CH,(OH). 

It  is  also  produced  by  distilling  codeine  and  narcotine  with  potash,  and  is 
contained  in  large  quantity  in  herring-pickle,  the  peculiar  odor  of  which 
is  due  to  its  presence.  It  is  a  liquid  easily  soluble  in  water,  and  boiling 
at  9.80  C.  (49.60  F.).  Its  salts  are  soluble  ;  the  hydrochloride  very  deli- 
quescent. 

Tetrametbyl-ammonitim  oompounds. — The  iodide^  N(CH,)4l,  may 
be  obtained  by  adding  methyl  iodide  to  trimethylamine.  The  two  sub- 
stances unite  with  a  sort  of  explosion.  It  is  more  easily  prepared,  how- 
ever, by  digesting  methyl  iodide  with  an  alcoholic  solution  of  ammonia.  In 
this  reaction  a  mixture  of  the  iodides  of  ammonium,  methyl-ammonium, 
dimethyl-ammonium,  trimethyl -ammonium,  and  tetramethyl-ammonium 
is  produced.  The  first  and  last  compounds  are  formed  in  largest  quantity, 
and  may  be  separated  by  crystallization,  the  iodide  of  tetramethyl-ammo- 
nium being  but  sparingly  soluble  in  water.  It  crystallizes  in  hard,  flat 
needles  of  dazzling  whiteness.  The  hydroxide^  'i^{i^>ll^fi\i,  resembles  the 
corresponding  ethyl-compound  {infra)  ^  and  is  decomposed  by  heat,  as  above 
mentioned,  into  methyl  alcohol  and  trimethylamine. 


ETHYL  BASES. 

Ethylamtne  or  Amldo-ethane,  C^H^N  =  H3C— CH^CNH^)  =  N  |  ^«jj  » 

is  prepared  either  by  heating  ethyl  isocyanate  with  potash,  or  by  digesting 
ethyl  bromide  or  iodide  with  alcoholic  ammonia,  and  treating  the  mixture 
of  salts  thereby  produced  with  oxalic  ether  in  the  manner  already  de- 
scribed. It  is  a  very  mobile  liquid,  having  a  specific  grav ity  of  0. GO 64  at  80C. 
(46.40F.),  boiling'at  19^  C.  (66.20  F.),  and  giving  oflFan  inflammable  vapor 
which  has  41  specific  gravity  of  1.57.  It  has  a  most  ]X)werful  ammoniacal 
odor,  and  restores  the  blue  color  to  reddened  litmus-paper.  It  produces 
white  clouds  with  hydrochloric  acid,  is  absorl)ed  by  water  with  great 
avidity,  and  reacts  like  ammonia  with  metallic  salts,  precipitating  the 
salts  of  magnesium,  aluminium,  iron,  manganese,  bismuth,  chromium, 
uranium,  tin,  lead,  and  mercury ;  and  forming  with  zinc-salts  a  white 
precipitate,  which  is  soluble  in  excess.  It  dissolves  silver  chloride,  and 
yields  with  copper-salts  a  blue  precipitate,  which  is  soluble  in  excess  of 
ethylamine. 

On  adding  ethylamine  to  oxalic  ether  y  a  white  precipitate  of  diethylox- 
amide,   CaO.CNU.C^Hg),,  is  produced.     Treated  with  chlorine^  it  yields 
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eth jlammonium  chloride  and  dichlorethjlamine,  NCljC^Hi,  a  yellow 
liquid  which  has  a  penetrating)  tear-exciting  odor,  and  when  treated  with 
potash  is  converted  into  ammonia,  potassium  acetate,  and  potassium  chlo- 
ride: 

NCljCCjHj)  +  3KH0  =  C,H,KO,  +  2KCi  +  NH,  +  H,0. 

Ethylamine  is  decomposed  hj  nitrous  add^  with  formation  of  ethjl  nitrite 
and  evolution  of  nitrogen  : 

C,H,N    +     2HN0,    «    CjHjNO,    +     2H,0    +     N, . 

On  passing  the  vapor  of  cyanic  add  into  a  solution  of  ethylamine,  the 
liquid  becomes  hot,  and  deposits,  after  evaporation,  crystals  of  ethyl- 
urea:   C,H,N  +  CNHO  =  CsH,N,0  or  CHj(C,H3)N,0  . 

The  salts  of  ethylamine  resemble  those  of  ammonia  and  of  methylamine. 
The  hydrochloride,  NH2(C2H,).UC1,  crystallizes  in  large  deliquescent  plates, 
melting  at  80O  C.  (176^  F.) :  the  pkuinochloride,  2NHa(C,H4)Cl.PtCl4,  in 
orange-yellow  scales. 

Diethylamine,  C4H11N  =s  NHCCjHj),. — ^A  mixture  of  the  solutions  of 
ethylamine  and  ethyl  bromide,  heated  in  a  sealed  tube  for  several  hours, 
solidiAes  to  a  crystalline  mass  of  diethylammonium  bromide  :  NH,(C2H25 
+  C^H^Br  s  NH,(C2H5)2Br.  This  bromide,  distilled  with  potash,  yields 
diethylamine  as  a  colorless  liquid,  still  very  alkaline,  and  soluble  in  water, 
but  less  so  than  ethylamine.  This  compound  boils  at  57^  c.  (134.(P  F.)  • 
It  forms  beautifully  crystallizable  salts  with  acids.  A  solution  of  diethyl- 
ammonium chloride  forms  with  platinic  chloride  a  very  soluble  double  salt, 
2NH2(C2H5)2Cl.PtCl4,  crystallizing  in  orange-red  grains,  very  different 
from  the  orange-yellow  leaver  of  the  corresponding  ethyl-ammonium  salt. 

Diethylamine  behaves  with  cyanic  acid  like  ammonia  and  ethylamine, 
giving  rise  todiethyl-urea,  CHj(C,H j),N,0. 

Triethylamine,  C5TI15N  =  NCCjHj),. — ^The  formation  of  this  body  is 
perfectly  analogous  to  that  of  ethylamine  and  of  diethylamine.  On  heat- 
ing for  a  short  time  a  mixture  of  diethylamine  with  ethyl  bromide  in  a 
sealed  glass  tube,  a  beautiful  fibrous  mass  of  triethylammonium  bromide 
is  obtained,  from  which  the  triethylamine  may  be  separated  by  potash. 
Triethylamine  is  a  colorless,  x>owerfully  alkaline  liquid,  boiling  at  890  C. 
(192.20  F.).  Its  salts  crystallize  remarkably  well.  With  platinic  chlo- 
ride it  forms  a  very  soluble  double  salt,  2NH(C,H5)3Cl.PtCl4,  which  crys- 
tallizes in  magnificent,  large,  orange-red  rhombs. 

Tetrethylammoniam  oompoundB. — When  anhydrous  triethylamine 
is  mixed  with  dry  ethyl  iodide,  a  powerful  reaction  ensues,  the  mixture 
boils,  and  solidifies  on  cooling  to  a  white  crystalline  mass  of  tetrethyl- 
ammonium  iodide:  NCCaHj), -f- C,HjI  =  NCCjHj)^.  This  iodide  is 
readily  soluble  in  hot  water,  from  which  it  separates  on  cooling  in  beauti- 
ful crystals  of  considerable  size.  It  is  not  decomposed  by  potash,  but  may 
be  boiled  with  the  alkali  for  hours  without  yielding  a  trace  of  volatile 
base.  The  iodine  may,  however,  be  readily  removed  by  treating  the  solu- 
tion with  silver-salts.  If  in  this  case  silver  sulphate  or  nitrate  be  used, 
we  obtain,  together  with  silver  iodide,  the  sulphate  or  nitrate  of  tetrethyl- 
ammonium,  which  crystallizes  on  evaporation  ;  on  the  other  hand,  if  the 
iodide  be  treated  with  freshly  precipitated  silver  oxide,  the  hydroxide 
of  tetrethylammonium,  N(C2U,)40H,  is  separated.  On  filtering 
off  the  silver  precipitate,  a  clear  colorless  liquid  is  obtained,  which  contains 
the  isolated  base  in  solution.     It  has  a  strongly  alkaline  reaction,  and  in- 
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tensely  bitter  taste.  The  solution  of  tetrethjl-ammoniam  hydroxide  has 
a  remarkable  analogy  to  potash  and  soda.  Like  these  substances,  it  de- 
stroys the  epidermis  and  saponifies  fatty  substances,  with  formation  of  true 
soaps.  With  metallic  salts  it  exhibits  exactly  the  same  reactions  as  potash. 
On  evaporating  a  solution  of  the  base  in  a  vacuum,  long  slender  needles 
are  deposited,  consisting  of  the  hydroxide  with  a  certain  amount  of  crys- 
tallization-water. After  some  time  these  needles  disappear,  and  a  semi- 
solid mass  is  left,  which  is  the  anhydrous  base.  A  concentrated  solution 
of  this  compound  in  water  may  be  boiled  without  decomposition,  but  on 
heating  the  dry  substance,  it  is  decomposed  into  triethylamine,  water,  and 
ethene  gas : 

N(aH,),(OH)    »    H,0    +    N(C,H,),    +    C,H,. 

The  other  salts  of  tetrethylammonium  are  obtained  by  treating  the  hy- 
droxide with  acids  :  several  of  them  form  beautiful  crystals.  The  platino- 
chloride,  [N (0,(15)40! ],.PtCl4,  crystallizes  in  orange-yellow  octohedrons, 
slightly  soluble  in  water,  less  soluble  in  alcohol  and  ether. 


The  amines  of  the  series  CqHjb-I-sN,  which  contain  more  than  three 
atoms  of  carbon,  admit,  as  already  observed,  of  isomeric  modifications, 
depend  on  the  structure  of  their  alcohol-radicles. 

Propylamine  (normal),  CjH^N  =  N  i  CHjCH,CH,  ^  produced  by  hy- 

drogenation  of  proprionitril  (ethyl  cyanide),  CgHsN,  or  by  the  action  of 
boiling  potash  on  the  mixture  of  propyl  isocyanate  and  isocyanurate  ob- 
tained by  distilling  normal  propyl  iodide  with  silver  cyanate,  is  a  strongly 
alkaline  liquid,  boiling  at  5(P  0.  (122^  F.),  and  having  a  specific  gravity  of 
0.7283  at  0^  C.  The  platinocfdoridey  2(CjH»N.HCl).PtCl^,  crystallizes  in 
orange-yellow  monoclinic  prisms. 

The  nitrite,  CjH^N.NO,,  is  resolved  by  heat  into  pseudopropyl  alcohol, 
nitrogen,  and  water,  CHg— CHa— CH,(NHj)  -f-  NO,H  i=  OH,— OHOU— OH3 
+  N,  -f-  HjO. 

iBOpropylamine,  OH,— CILNHi— CH3,  or  N  |  CIKOH,)^  ^  .^  produced 
aa  a  formate  by  the  action  of  hydrochloric  acid  on  isopropyl  isocyanide : — 

C^N— CjHt  +  2HjO  =  NHj(C3H^).CHjO,- 

The  base  liberated  from  this  salt  by  successive  treatment  with  hydro- 
chloric acid  and  potash,  is  a  sweetish  ammoniacal  liquid,  boiling  at  320  ('. 
(89.6^  F.).  Its  platinochloride  crystallizes  in  golden-yellow  scales  or  flat- 
tened needles. 

Bntylamines . — Of  primary  butylamine,  O^H^N,  there  are  th ree 
modifications,  viz. :— > 

1.  Normal  Butylamine,  0H3.(0H2)3.NH2,  obtained  by  the  action  of 
nascent  hydrogen  on  normal  propyl  cyanide  or  butyro-nitril,  CH3(0H,),. 
ON.  It  is  a  colorless,  hygroscopic,  fuming  liquid,  boiling  at  75. 50  C. 
(167.90  F.),  and  having  a  specific  gravity  of  0.755  at  OO  C.  Nitrous  acid 
converts  it  into  isobutyl  alcohol,  OH(OH,)j— OH^OH. 

2.  Isobntylamine,  0H(0Hs)3.CH,.NH„  is  obtained  by  distilling  a  mix- 
ture of  i)otassium  isobutylsulphate  with  potassium  cyanate,  and  treating 
the  resulting  isobutyl  isocyanate  with  potash.     It  boils  at  68^  C.  (154.4P 
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F.),  and  has  a  specific  gravity  of  0.7357  at  15©  C.  (690  F.).  With  nitrons 
acid  it  yields  tertiary  butyl  alcohol  or  trimethyl  carbinol,  (CU3)3.COH. 
Now  it  has  been  already  stated  that  normal  batylamine  similarly  treated 
is  oonverted  into  isobutyl  alcohol,  and  normal  propylamine  into  isopropyl 
alcohol.  Hence  it  appears  that  the  action  of  nitrous  acid  on  primary 
amines  gives  rise  to  the  alcohol  of  a  radicle  containing  one  or  more  methyl- 
group  than  the  original  amines  : — 

CH8.CH,.CH,.Ctt,NH,    +    NO,H  =  N,  +  H,0  +  CH(CH3),.CH,0H 
Normiil  Butylamloe.  Isobutyl  alcohol. 

CH(CH,),.CH,.NHg   +    NO,H  =  N,  +  H,0  +  (CH8),C.C0H 
iBobutylamine.  Tertiary  Butyl 

alcohol. 

3.  Tertiary  Batylamine,  or  Katabatylamine,  (CH,),C.NH2,  is  pre- 
pared by  heating  isobutyl  iodide  with  dry  silver  cyanate,  mixing  the 
resulting  solid  compound  of  silver  iodide  and  isobutyl  cyanate  with  finely 
pulverized  potassium  hydroxide,  and  distilling  the  mixture  by  small  quan- 
tities at  a  time.  It  is  a  liquid  boiling  at  45Q-4b^  C.  (113-114.80  F.), 
and  having  a  specific  gravity  of  0.6987  at  150  C.  (59^  F.). 

Dibntyalamine,  NH(C4Hg)2,  and  Trlbntylamine,  NCC^H,),,  are  ob- 
tained as  bye-products  in  the  preparation  of  normal  valeric  acid  by  the 
action  of  alcoholic  potash  on  normal  butyl  cyanide.  The  former  boils  at 
160O  C.  (320O  F.),  the  latter  between  2110  C.  (411.80  F.)  and  215©  C. 
(4190  F.). 

PentylamineB.— Of  primary  pentylamines,  C^Hi^N,  there  are  two 
known  modifications,  viz.,  isopenty  I  amine  or  a  my  1  amine,  derived 
from  the  ordinary  amy  I  alcohol  of  fermentation,  and  pseudopentyl- 
amine,  derived  from  isopropyl -methyl  carbinol  (p.  586).  They  are  rep- 
resented by  the  following  formula : — 

CCH«OH(CH«)t         CCH,CU«CU(0H3),    rCH(CH,),         CCH(OHa)[OH(CHs)J 

LNH, 
Isopentylamine.  Pseudopentylamlne. 

iBopentylamine  or  Ordinary  Amylamine,  is  obtained  by  distilling 
isopentyl  isocyanate  or  isocyanurate,  or  primary  isopentyl-carbamide, 
CONjHjCCjHii),  with  potash  ;  pseudo-pen tylamine  in  like  manner  from 
secondary  isopenty l-carbamide,  CON2Hj(CHj,)(C4Hg).  Both  are  colorless 
liquids,  of  penetrating  ammoniacal  odor,  and  slightly  soluble  in  water,  to 
which  they  impart  an  alkaline  reaction.  Amylamine  boils  at  950  C.  (203O 
F.),  and  has  a  specific  gravity  of  0.7503  at  180  C.  (64.40  F.);  pseudopen- 
tylamine  boils  at  78.50  C.  (173.30  F.),  and  has  a  specific  gravity  of  0.755 
at  OO  C.  Platinochloride  of  amylamine  crystallizes  in  golden-yellow  scales ; 
that  of  pseudopentylamine  in  fine  crystals  derived  from  a  monoclinic  prism. 
The  aurochloride  of  pseudopentyl,  CgUj^N.AuCls,  forms  large  yellow  mono- 
clinic  crystals. 

Diamylamine,  C]0H2aN^NH(C5H„)2.— An  aromatic  liquid,  less  solu- 
ble in  water,  and  less  alkaline  than  amylamine.  It  boils  at  about  170^  C. 
(3380  F.). 

Triamylamine,  C,5H„N  =  N(C5H„)s. — A  colorless  liquid,  having  pro- 
perties similar  to  those  of  the  two  preceding  bases,  but  boiling  at  25 7^  C. 
(494P  F.).  The  salts  of  triamylamine  are  very  sparingly  soluble  in  water, 
and  melt,  when  heated,  to  colorless  liquids,  floating  upon  water. 
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Tetramylammoniiim  Hydroxide,  C^H^jNO  =  N(CgH„)40H — ^Tliis 
.Bubstancu  la  far  less  soluble  than  the  oorrespouding  bases  of  the  methyl 
and  ethyl  series,  and  separates  as  an  oily  layer  on  adding  potash  to  the 
aqueous  solution.  On  evaporating  the  solution  in  an  atmosphere  free  from 
carbonic  acid,  the  alkali  may  be  obtained  in  splendid  crystals  of  consider- 
able size.  When  submitted  to  distillation  it  splits  into  water,  triamyl- 
amine,  and  amylene : 

N(C,H„),OH    =    H,0    +    NCCjH,,),    +    C^H^o. 

Bromethyl-  and  Ethenyl-  or  Vinyl-bases. — Tertiary 
monaiiiines  unite  directly  with  etheue  bromide,  giving  rise  to  brominated 
ammonium-bases:  e.g., 

<C,iy»N    +    C,H«Br,    a    S5l^fii' }  N.Br. 

In  these  compounds,  the  bromine  directly  attached  to  the  nitrogen  is  easily 
replaceable  by  double  decomposition,  by  the  action  of  silver  nitrate,  for 
example,  whereby  the  bromide  is  converted  into  the  nitrate  (C,Hj), 
(C,H4Br)N.N0,. 

The  other  bromine-atom  is  more  intimately  combined,  but  this  also  may 
be  removed  by  the  action  of  moist  silver  oxide,  the  group  CjH^Br  or  CHjBr — 
CH,  being  converted,  by  elimination  of  UBr,  into  ethenyl  or  vinyl  CH,-  -XH, 
and  the  bromide  of  triethyl-bromethyl-ammonium  being  converted  into 
triethyl- vinyl- ammonium  hydroxide: 

C^U^Br  }^-^'  +  2^8^^  =  ^^^^  +  ^^  +  0^6^*^' }  N.OH. 

Ozethene-baseB  or  Hydramines.^When  etheneoxide, 
C^H^O  or  CH, — O— CH,,  is  treated  with  aqueous  ammonia,  1,  2,  or  3  mole- 
cules of  the  oxide  unite  with  one  mol.  ammonia,  producing  the  following 

CH,(OH)CIIj.NH„  Ethene-hydramine. 

CuioU)CHp^  ^^'  Diethene-hydramine. 

[CUj(0H)CH,]3N,  Triethene-hydramine. 

The  hydrochlorides  of  these  bases  are  also  formed  by  the  action  of  am- 
monia on  ethene  chlorhydrin,  CjH^CKOH).  The  bases  are  separated  from 
one  another  by  fractional  crystallization  of  their  hydrochlorides  or  plati- 
nochlorides.    They  are  viscid,  alkaline  liquids,  decomposed  by  distillation. 

Choline,  C.Hi.NO,. — ^Tbis  base,  which  has  the  composition  of  trimethyl- 

OH 
ethenehydrinammonium  hydroxide,  Cj^^^Cn^CH  'i  OH  *  ^®  formed  syn- 
thetically by  beating  ethene  oxide  or  ethene-ohlorhydrin  with  trimethyl- 
amine  in  aqueous  solution  : 

(CH,),N  +  C.H,0  +  H,0  =  C,H,<2^(,jj^j^og 

It  exists  ready-formed  in  the  animal  organism,  namely  in  bile,  from 
which  it  was  first  obtained  (hence  its  name) ;  also  in  the  brain,  and  in 
white  of  eggf  in  both  of  which  it  occurs  in  the  form  of  lecithin,  a  com- 
pound of  choline  with  glyoerophosphoric  acid  and  fatty  acids.  It  is  also 
produced  from  sinapine,  the  alkaloid  of  white  mustard,  by  boiling  with 
alkalies,  and  is  thence  also  called  sincaline. 

Choline  is  a  deliquescent  substance  difficult  to  crystallize,  having  a  strong 
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acid  reaction,  and  absorbing  carbonic  acid  from  the  air.    Its  plaiinochloride^ 
2(C5lI,,NOy.UCl).PtCl4,  crystallizes  in  fine  red-yellow  tables,  insoluble  in 
alcohol. 
Choline  heated  with  hydriodio  acid  yields  the  oomponnd 

<P  H  I 
J  2   '  ,  which,  by  action  of  moist  silver  oxide  is  converted  into 

trimethyl-vinyl-ammonium  hydroxide: 


(CH,),N<^A    »    C.H„KO. 


This  base,  called  neuriue,  is  very  much  like  choline— 'from  which  it 
differs  by  H^O — and  likewise  exists  in  the  brain. 

Betaine,  CcHnNOj,  the  alkaloid  of  beet-juice,  which  has  the  oonstitn- 
tionof  trimethyl-glycocine,  (CHj)jN^q  **,  (see  Amidbs),  is  also  nearly- 
related  to  choline,  and  is  formed  by  oxidation  of  choline  hydrochloride, 
whence  it  is  also  called  o x y  c h o  11  n e ,  and  oxy  neuriue.  It  is  formed 
synthetically,  as  a  hydrochloride,  by  heating  trimethylamine  with  mono- 
ohloracetic  acid : 

(CH,)jN  +  CHjCl.CO.OH  =  (CH5),N<^^^  .HQ. 

Betaine  crystallizes  from  alcohol  in  shining  deliquescent  crystals  con- 
taining one  molecule  of  water.  It  has  a  neutral  reaction,  a  sweetish  taste, 
and  is  decomposed  by  boiling  alkalies,  with  evolution  of  trimethylamine. 


DIAXUTBB. 

These  are  bases  derived  from  a  double  molecule  of  ammonia,  N,Hf,  by 
substitution  of  bivalent  alcohol-radicles  for  a  part  or  the  whole  of  the 
hydrogen,  or  from  the  paraffins  by  substitution  of  two  NH,- groups  for 
2  atoms  of  hydrogen. 

Diamines  are  formed  by  the  action  of  ammonia  on  the  chlorides,  bromides, 
and  iodides  of  diatomic  alcohol-radicles  (olefines). 

Ethene-diamines . — By  the  action  of  ammonia  on  ethene  dibro- 
mide,  a  number  of  compounds  are  produced,  among  which  are  the  hydro- 
bromides  of  three  bases  derived  from  two  molecules  of  ammonia,  by  sub- 
stitution of  1,  2,  or  3  molecules  of  ethene,  Cfi^,  for  equivalent  quantities 
of  hydrogen ;  thus  : 

H  H 
2NH,    -f-    CjH^Br,    =    N^CJL^N.2HBr 

\hh^ 

Ethene-diAmlne. 

4NH,    +    2C,H4Br,    »   N^c'Ht^N.2HBr    +    2NH.Br 

\HH'^ 
Diethene-dlAinine. 

C  H 
6NH,    +   3C,H.Br,    =   N<^c'H)-^N.2HBr    +     4NH,Br 

TrlethenC'dlAniloe. 
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The  mixture  of  hydrobromides  thus  obtained  is  decomposed  by  distilla- 
tion with  potash,  and  the  three  diamines  which  pass  over  are  separated 
by  fractional  distillation. 

Ethene-diamine,   CjHgN,  =  C,H^(NHj), s=  N, |  ^*^*  ,   is    a*8o    pro^ 

duced  by  the  action  of  tin  and  hydrochloric  acid  on  dicyanogen : 
C,N,  -f  4H,  »  C^HgN,.  It  is  a  colorless  liquid,  boiling  at  123^  C.  (253.40 
F.)i  having  a  strong  alkaline  reaction,  and  ammoniacal  odor.  Nitrous 
acid  converts  it  into  ethene  oxide : 

C,H^(NHa)a    +    N,Oj    =    2H,0    +    2N,    +     C^H^O. 

Diethene'diamine,   Nj^C-H.,    boUs  at  170©  C.  (3380  F.) ;    trt- 

eihene'diamine,  N,(C,HJ3,  at  220°  C.  (428©  F.). 

These  diamines  are  bi-acid  bases,  capable  of  uniting  directly  with  2 
equivalents  of  an  acid.  They  can  also  unite  with  the  bromides  and  iodides 
of  the  alcohol-radicles,  producing  iodides  of  ammonium  ba^es,  thus : 

from  Ethene-diamine  are  obtained: 

Iodide  of  Ethene-diammonium  .  [N,Hg(C,H^)]l9« 

Iodide  of  Diethyl-ethene-dianmionium  .  [N,H/C,HJ(C,Hg)j]I,. 

Iodide  of  Tetrethyl-ethene-diammonium  .  [NjUjCC^H^XCjHg)^]!,. 

Iodide  of  Pentethyl-ethene-diammonium  .  [N2lI(CjH4)(C,Un)5]lj. 

Iodide  of  Hexethyl-etheue-diammonium  .  [N2(C2U4)(C2Ug)Q]I,. 

from  Diethene-diamine; 

Iodide  of  Diethene-diammonium  •  [NsH^CC^H^),]!,. 

Iodide  of  Diethyl-diethene-diammonium     .  [.i^2ii2i^2^^i)2(^2^&)2^h' 

Iodide  of  Triethyl-diethene-diammouium   .  [N2n(C2H4),(C2ll5)3]l2. 

Iodide  of  Tetrethyl-diethene-diaumionium .  [N2(C2ll4)2(C2H^)4]I,. 

from  Triethene-diamihe : 
Iodide  of  Diethyl-triethene-diammonium    .     [N2(C2H4)3(C2H,)2]l2. 

The  diamines  also  unite  directly  with  water  to  form  ammonium 
oxides;  thus : 

CA<nh;    +     H,0    =     C,H,<JJ||p>0. 

These  oxides  are  very  unstable,  and  give  off  the  water  again  on  mere  dis- 
tillation over  potassium  hydroxide ;  when  treated  with  acids,  they  form 
diamine-saltfi,  with  separation  of  water. 


CH^^« 


Methenyl-diamine,   CN2H4  =  N2|g     ^      ,    or    Fonnylimidamide, 
^        .      This  base,   nearly  related    to  cyanimide  or  carbodiimide, 

C^      ',  is  known  only  in  combination  with  acids.      The  hydrochloride y 

CN,H4.HC1,  is  produced  together  with  ethyl  chloride  and  ethyl  formate,  by 
heating  the  compound  CNH.HCl,  formed  by  direct  combination  of  anhy- 
drous hydrocyanic  acid  and  gaseous  hydrochloric  acid,  with  alcohol : 

2(CNH.HC1)  -f  2(CaH5.0H)  =  CN2n4.UCl  +  C,H,C1  +  Cgllj.CHOi. 
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It  crjsUllizes  in  needles  melting  at  810C.  (177.80  F.)i  and  is  resoRed  b^ 
alkalies  into  ammonia  and  formic  acid : 

CN,H^    +    2H,0    «s    2NH,    +    CHO.OH. 
Methyl-methenyl-diamine,   Bthenyl-cHainlne.  or   Acedlamine, 

C,N,Hg   =s    (^»^>^'\NH,  •     Tlie  hydrochloride  of  this  base,  C^,He.Ha, 

together  with  acetic  acid,  is  formed  bj  heating  acetamide  in  dry  hydro- 
chloric acid  gas  : 

aCjHjNO^    +    HQ    =.    C,H.Nj.Ha    +    C^^O,. 

It  crystallizes  in  long  needles,  soluble  in  water  and  alcohol.  The  free 
base  is  very  unstable,  and  when  separated  from  the  hydrochloride  by  an 
alkali,  is  quickly  resolved  into  amjnonia  and  acetic  acid. 

Hydroxyl-methenyl-diamine  or  lanret,  CON^H^  =  CH'(^^„  ^„. — 

This  base,  isomeric  with  carbamide,  is  formed  by  evaporating  an  alcoholio 
solution  of  hydroxylamine  (p.  159)  and  hydrocyanic  acid : 

CHN    +    NH..OH    -    CH^JJH^^ 

It  crystallizes  in  rhombic  prisms  resembling  carbamide  (urea);  melts  with 
partial  decomposition  at  104O-105O  C.  (219.2P-2210  F.);  has  an  alkaline 
reaction,  and  unites  with  1  equiv.  of  acids,  forming  crystalline  salts,  which 
are  resolved,  on  heating  their  solutions,  into  formic  acid,  ammonia,  and 
hydroxylamino.  The  base  itself  is  also  decomposed  by  boiling  its  aqueous 
solution  yielding  nitrogen,  carbon  dioxide,  ammonia,  guanidiue,  carbamide, 
and  biuret. 


TRIAMINES. 


Diethene-triamine,  N^  I  c|hJ  ,  and  Trlethene-triamine,  N,  i  [j^»^*^» 

—The  hydrobromides  of  these  bases  are  found  amongst  the  products  ob- 
tained by  heating  ethene  bromide  with  ammonia.  Their  formation  is  re- 
presented by  the  equations, 

4NH.    +     2C,H,Br,    =    NH.Br    +     N3(C,H,),H53Hft 

Diethene-triamine. 

6NH.    +    3C,H,Bra    «=   3NH,Br   +     N,(C,H,),H3.3HBr 

Triethene-triamine. 

These  bases  cannot  be  separated  by  distillation,,  on  account  of  the  prox- 
imity of  their  boiling  points,  but  their  separation  is  effected  by  converting 
them  into  platino-chlorides,  which  crystallize  with  great  facility. 

Both  these  triamines  form  well-defined  crystalline  salts,  containing  1,  2, 
and  3  equivalents  of  acids  ;  and  the  aqueous  solutions  of  these  salts, 
treated  with  solid  potassium  hydroxides,  yield  the  free  bases  in  the  form 
of  strongly  alkaline  oily  liquids,  soluble  in  every  proportion  of  water  and 
alcohol,  nearlv  insoluble  in  ether.  Diethene-triamine  boils  at  208O  C. 
(40a.4O  p.),  triethene-triamine  at  216©  C.  (420.8O  F.). 

Triethene  Tetramlne,  N4  i  ^J^»^*^'.— The  hydrobromide  of  this  base 

is  also  one  of  the  products  of  the  action  of  ammonia  on  ethene  bromide, 
but  it  is  more  easily  obtained  by  submitting  ethene-diamine  to  the  action 
of  ethene  bromide : 
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2N,(C,H0H4    +     C,H,Br,    =    N,(C,H,),He.2HBr . 

Tho  base,  separated  from  the  bromide  by  silver  oxide,  is  a  strongly  alka- 
line liquid,  which  dries  up  to  a  non-crystallizing  syrup.  The  ptatinochio- 
ride,  N4(CaHJ,H^.4HC1.2PtCl4,  is  a  pale  yellow  amorphous,  almost  insolu- 
ble salt.* 

jj    ,  or  Carbimldo- 

/NH, 
diamide,  Ci-^NH    . — ^This  base  is  produced  :   1.  By  the  action  of  aqueous 

ammonia  at  150OC.  (302O  F.)  on  chloropicrin,  or  on  ethyl  orthocarbonate  : 

CCl3(N0,)     +     3NH,    =    CN,Hj.HCl    +     2UC1    +     NO,H . 

Chloropicrin. 

C(OaH«),    +    3NH,    +    HjO     =     CN3II5    +     H,0    +    4C,H,0. 

Ethyl  Ortbo- 
earboaate. 

2.  By  heating  cyanamide  in  alcoholic  solution  with  ammonium  chloride : 

CH,N,    +     NH.Cl     =    CNgHj.HCl. 

3.  Together  with  parabanio  acid,  by  heating  guanine  (an  alkaloid  ob- 
tained from  guano),  with  a  mixture  of  hydrochloric  acid  and  potassium 
chlorate,  which  exerts  an  oxidizing  action  : 

C5H5N5O    +    0,    -f-     H,0     =    CNjHj    +     CjNjHjOa    +    CO,. 

Guanidine,  separated  from  its  sulphate  by  baryta-water,  forms  colorless 
crystals,  easily  soluble  in  water  and  alcohol :  the  solution  has  a  powerful 
alkaline  reaction,  and  absorbs  carbonic  acid  from  the  air,  forming  a  car- 
bonate, 2CH5N3.HJCO3,  which  is  also  alkaline,  and  crystallizes  in  square 
prisms. 

The  nitrate,  CII5N3.NO3H,  forms  large  laminae  easily  soluble  in  water. 
The  hydrochloride,  CH5N3.HCI,  yields  a  platinochloride,  crystallizing  in 
yellow  needles. 

Alcoholic  derivatives  of  guanidine  are  formed  by  reactions  analogous  to 
those  which  yield  guanidine  itself,  especially  by  heating  cyanamide  with 
the  hydrochlorides  of  primary  amines  :  e.  </., 

CNjHj    +    NH2(CH3).HC1    =    CNsH,(CH3).Ha. 

Methyl-guanidine,  CNjH^CCHa) ,  is  also  formed  by  boiling  creatine 
with  water  and  mercuric  oxide.  When  separated  from  its  hydrochloride 
by  silver  oxide  it  forms  a  deliquescent  crystalline  mass,  which  unites  with 
1  eq.  of  acid,  fonning  well-crystallized  salts. 

Triethyl-guauidine,  CN3H2(C5H5)3,  is  formed  by  boiling  diethyl- 
thiooarbamide  and  ethylamine  in  alcoholic  solution  with  mercuric  oxide : 

CKnhxJh;    +     NH,.C.H,    +     HgO    =* 


NH.CH, 


HgS    +     H,0    +    (C,Hj)N=C<5g;;^»g 


5, 


The  phenyl  and  tolyl-derivations  of  guanidine  will  be  described  amongst 
the  compounds  of  the  aromatic  group  ;  the  derivatives  containing  acid 
radicles  amongst  the  derivatives  of  uric  acid. 

♦  For  further  (letnlls  respoctlncr  these  higher  ethcne-bABes,  see  Watts's  Diction- 
ary of  Chemistry,  vol.  11.  pp.  688-603. 
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FhosphoruB,  Arsenic,  and  Antimony  Bases. 

Phosphorna,  arsenici  and  antimony,  being  like  nitrogen,  either  trivalent 
or  quinquivalent,  are  capable  of  forming  oompoundi  analogous  to  the 
amines  and  the  ammonium  salts. 


PHOSPHOBUS  BASES  OR  PHOSPHn^BB. 

Tertiary  phosphines  and  phosphonium  bases  are  formed  bj  the  action 
of  alooholio  iodides  on  phosphine,  PH, :  thus, 

PH,  +    3C^5l    =    2HI    +     P(C,H5)3.HI. 

Triethyl-phosphine 
hydriodide. 

PCCA).  +   c,H,i    =  P(c,n.),i 

Triethyl--])hosphoniuin 
iodide. 

or  more  readily  by  heating  phosphonium  iodide,  PH^I  (p.  219),  to  150O- 
180O  C.  (302O-356O  F.)  with  alcoholic  iodides  : 

PH  J  +  3CaH,I    =  3Hr    +     P(C,H5),.HI ; 

and  P(C,H5)jHI     +    CjHJ    =    HI    +    P(C,Hj),I. 

On  heating  the  product  with  jwtash-lye,  the  hydriodide  of  the  tertiary 
phosphine  is  decomposed  and  the  base  set  free,  while  the  iodide  of  the 
pliosphonium-baso  remains  unaltered. 

The  tertiary  phosphines  are  also  formed  by  distilling  the  zinc-compounds 
of  the  alcohol-radicles  with  phosphorus  trichloride  in  an  atmosphere  of 
hydrogen : 

SZnCCaHj),    +    2PC18    =    3ZnCl,    +    2FiC^U^)^, 

The  primary  and  secondary  phosphines  are  formed  by  heating  the  alco- 
holic iodides  with  phosphonium  iodide  to  about  16(P  C.  (302O  F.)  in 
presence  of  certain  metallic  oxides,  such  as  zinc  oxide  (ordinary  zinc-white 
of  commerce),  the  product  being  a  mixture  of  the  primary  and  secondary 
phosphines : 

2PIIJ    +     2CjHJ    +    ZnO    =    Znl,     +    H,0    +  2P(CaHj)H3l 
andPHJ    +    2CJH5I    +    ZnO    =    Znl,    +     H,0    +    P(CaHj),H,I. 

On  treating  the  crystalline  product  with  water,  monethyl-phosphine  is 
set  free : 

P(C,H5)H3l    +     H,0    =    HI    +     H,0    +     P(C,H,)H„ 

while  the  diethylphosphine  salt  remains  unaltered,  but  may  be  decom- 
posed by  boiling  it  with  caustic  soda,  the  diethylphosphine  being  then  set 
free. 

The  phosphines  are  colorless,  strongly  refracting  liquids,  having  an  ex- 
tremely pungent  intoxicating  odor.  They  are  nearly  insoluble  in  water. 
In  contact  with  the  air,  they  oxidize  rapidly  and  mostly  take  fire :  hence 
their  preparation  must  be  conducted  in  an  atmosphere  of  hydrogen.  The 
salts  of  the  primary  phosphines  are  easily  decomposed  by  water,  those  of 
the  secondary  and  tertiary  phosphines  are  not. 

The  primary  phosphines  are  converted  by  oxidation  into  phosphonio 
acids,  those  of  the  secondary  phosphines  into  phosphinic  acids  (p.  555)  : 
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/OH 
P(CH,),Hj    +03    =    II3C— P=0    ,     Methjlphosphonic  acid. 

\01I 


HqC 


^O 


P(CH,),      +035=    n*(;^P\Qjj»     Dimethyl-phosphinic  acid. 

The  tertiary  phosphines  unite  directly  with  1  atom  of  oxygen,  forming 
neutral  oxides,  like  (CHj)3P0,  and  similarly  with  1  atom  of  sulphur,  2 
atoms  of  bromine,  iodine,  etc.,  and  also  with  carbon  bisulphide. 

The  following  table  exhibits  the  chief  distinguishing  characters  of  the 
methyl-  and  ethyl-phosphiues  : — 


Hethyl  phospbinea  :— 
PCGHjijHa   .... 

P(dls)(XX     .... 

P(CH,),       .... 
Ethyl-phosphines : — 

P(C2H5)U3  ... 
P(OsH6),H  .... 
P(0,H4),     .... 


Boiling  Point. 


Q-as  liquefying 
at  —14^  O. 
(6.8^  F.) 
26°  O.  (77°  F.) 

40°  O.  (104°  F.) 


26^  O.  (770  F.) 

84=  O.  (186°  F.) 

1270  O.  (2:0.6° 
F.) 


Sp,  Gravity. 


Lighter  than 

water. 
Lighter  than 

water. 

Lighter  than 

water. 
Lighter  than 

water. 
0.812  at  120  0. 

(68.6°  F.) 


Hydriodide. 


Thick  crystals. 


Quadrilateral 
plates. 


Platino- 
chloride. 


Crystallizes 
well. 


Orange-yellow 
prisms. 
Ked  needles. 


The  boiling  point  of  the  isopropyl,  isobutyl,  and  isopentyl  or  amyl 
phosphinea  are  as  follows : — 


Isopropyl-phosphines, 
B.  P. 

Isobutyl-phosphines, 
B.  P. 

Amyl-phosphines, 
B.  P. 


P(C3H,)H,  P(C,H,),H  PCCgHOs 

410  1I8O                   — 

P(C,H,)H,  P(C,H,),H  P(C,H,), 

620  1530                  2150 

P(C5H„)H,  P(C,H„),H  P(C,H„)s 

IO6-IO70  210-2150      300O 


ARSENIC  BABES. 


Ttitethylarsine,  AsCCjHj^),,  is  produced  by  distilling  an  alloy  of 
arsenic  and  sodium  with  ethyl  iodide.  At  the  same  time,  also,  there  is 
formed  another  body,  containing  AajCC^^^)^,  analogous  to  arsendimethyl 
or  cacodyl.  Both  compounds  are  liquids  of  powerful  odor;  they  may  be 
separated  by  distillation  in  an  atmosphere  of  carbon  dioxide,  the  triethyl- 
arsine  passing  over  last. 

Triethylarsine  may  be  obtained  pure  by  a  process  analogous  to  that  em- 
ployed for  the  preparation  of  triethylphosphine,  namely,  by  distilling 
arsenious  chloride,  AsCl,,  with  zinc-ethyl.  It  is  a  colorless  liquid  of  most 
disagreeable  odor,  similar  to  that  of  arsenietted  hydrogen,  soluble  in  wat^r, 
alcohol,  and  ether,  and  boiling  at  140O  C.  (2S4P  F.).  Triethylarsine  com- 
bines directly  with  oxygen,  sulphur,  bromine,  and  iodine,  giving  rise  to  a 
series  of  compounds  containing  2  atoms  of  bromine  or  iodine,  1  atom  of 
sulphur  or  oxygen,  and  analogous  to  the  corresponding  compounds  of  tri- 
ethylstibine. 

Triethylarsine  submitted  to  the  action  of  ethyl  iodide  yields  a  crystalline 
compound,  AsCCjHg)^!,  from  which  freshly  precipitated  silver  oxide  sepa- 
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rates  the  corresponding  hydroxide,  Ab(C2H5)40H,  a  powerfully  alkaline 
substance,  similar  to  the  corresponding  nitrogen-,  phosphoros-,  and  anti- 
mony-compounds. 

Analogous  substances  exist  in  the  methyl  series.  Trimetkiflarsine^ 
As(CH3)3,  is  formed,  together  with  arsendimethyl  or  cacodyl,  As,(CH,)^y 
when  an  alloy  of  arsenic  and  sodium  is  submittcMl  to  the  action  of  methyl 
iodide.  It  unites  with  methyl  iodide,  producing  tetramethylarsonium  iodide , 
AsCCHj)^!,  from  which  silver  oxide  separates  the  hydrate,  AsCCU^^OU. 
The  iodide  just  mentioned  is  formed,  together  with  iodide  of  cacodyl,  when 
cacodyl  is  acted  upon  by  methyl  iodide : 

AfliCCHj)*    +    2CH3I    =    As(CH,)J    +     As(CH,),I. 

By  substituting  ethyl  iodide  for  methyl  iodide  in  this  reaction,  the  com- 
pound As(CH3);|(C2Hj),I  is  formed.  All  these  iodides,  treated  with  moist 
silver  oxide,  yield  the  corresponding  hydroxides. 

As(CH,), 
ArBondimethyl  or  Cacodyl,  As2(CH,)4  or  |  .  —  The 

As(CH,)g 
arsenic  in  this  compound  is  trivalent,  as  in  those  just  described,  one  unit 
of  equivalence  of  each  of  the  arsenic  atoms  being  satisfied  by  combination 
with  the  other,  just  as  in  the  solid  hydrogen  arsenide,  As^U^  (p.  393). 
When,  however,  the  arsendimethyl  combines  with  chlorine  or  other  mou- 
atomic  radicles,  the  molecule  splits  into  two ;  thus : 

As,(CH,)4    -I-     CI,    =    2As(CHj),Cl. 

Cacodyl,  so  called  from  its  repulsive  odor,  oonstitutes,  together  with  its 
products  of  oxidation,  the  spontaneously  inflammable  liquid  known  as 
Cadefs  Jutning  liquid^  or  Alkarsin.  This  liquid  is  prepared  by  distilling 
equal  weights  of  potassium  acetate  and  arsenions  oxide  in  a  glass  retort 
connected  with  a  condenser  and  tubulated  receiver  cooled  by  ice,  a  tube 
being  attached  to  the  receiver  to  carry  away  the  permanently  gaseous 
products  to  some  distance  from  the  experimenter.  At  the  close  of  the  ope- 
ration, the  receiver  is  found  to  contain  two  liquids,  besides  a  quantity  of 
reduced  arsenic :  the  heavier  of  these  is  the  crude  cacodyl ;  the  other  con- 
sists chiefly  of  water,  acetic  acid,  and  ac«tone.  The  gas  given  off  during 
the  distillation  is  principally  carbon  dioxide.  The  crude  cacodyl  is  re- 
peatedly washed  by  agitation  with  water  previously  freed  from  air  by 
boiling,  and  afterwards  redistilled  from  potassium  hydrate  in  a  vessel  filled 
with  pure  hydrogen  gas.  All  these  operations  must  be  conducted  in  the 
open  air. 

Pure  cacodyl  is  obtained  by  decomposing  the  chloride  with  metallic  zinc, 
dissolving  out  the  zinc  chloride  with  water,  and  dehydrating  the  oily  liquid 
with  calcium  chloride.  The  strong  tendency  of  cacodyl  to  take  fire  in  the 
air,  and  the  extremely  poisonous  character  of  its  vapor,  render  it  necessary 
to  perform  all  the  distillations  in  sealed  vessels  filled  with  carbon  dioxide. 

Cacodyl  is  a  colorless,  transparent  liquid,  boiling  at  170°  C.  (3380  F.), 
and  crystallizing  at  60  C.  (42.80  F.)  in  large  transparent  prisms.  It  smells 
like  alkarsin,  and  is  even  more  inflammable.  At  a  temperature  below 
redness  it  is  resolved  into  metallic  arsenic  and  a  mixture  of  2  vols,  methane 
and  1  vol.  ethene :  ^A^JT.^Yi^  =s  As^  4-  2CH^  -f  CjH^. 

Cacodyl  instantly  takes  fire  when  poured  out  into  air  or  oxygen  or  chlo- 
rine. With  very  limited  access  of  air  it  throws  off  white  fumes,  passing 
into  oxide  and  ultimately  into  cacodylic  acid  :  it  combines  also  directly 
with  sulphur.  It  can  take  up  2  atoms  of  a  monad  or  1  atom  of  a  dyad 
element,  forming  compounds  like  the  chloride,  A8,(CIl5)^Cl^=2As(CH,),Cl, 


I 
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and  the  oxide,  Ab2(CH3)40,  in  which  the  arsenic  is  trivalent ;  or  again,  G 
atoms  of  a  monad  or  3  atoms  of  a  dyad  element,  forming  compounds  like 
the  trichloride,  A8j(CHj,)4Cl,  ssb  2As(CH3)jjCl3,  in  which  tlie  arsenic  is 
quinquivalent.  These  last-mentioned  bodies  are  the  most  stable  of  all  the 
cacodyl  compounds. 

Cacodyl  CJdoride  or  Arsen-chloroditnethide^  As(CH,)2Cl,  is  obtained  b/  dis- 
tilling alkarsin  with  strong  hydrochloric  acid,  or  better,  by  mixing  the 
dilute  alcoholic  solutions  of  alkarsin  and  mercuric  chloride,  distilling  the 
resulting  precipitate  of  oacodylic  chloromercurate,  AB^(C\\^fi,2\lgQ\^y  with 
very  strong  hydrochloric  acid,  and  digesting  the  distillate  for  several  days 
in  a  sealed  bulb  apparatus  with  calcium  chloride  and  quicklime,  and  finally 
distilling  it  in  an  atmosphere  of  carbon  dioxide. 

Cacodyl  chloride  is  a  colorless  liquid  which  does  not  fume  in  the  air,  but 
emits  an  intensely  poisonous  vapor.  It  is  heavier  than  water,  insoluble 
in  that  liquid  and  in  ether,  but  easily  soluble  in  alcohol.  The  boiling 
I>oiut  of  this  compound  is  a  little  above  ICKP  C. ;  its  vapor  is  colorless, 
spontaneously  iutiammable  in  the  air,  and  has  a  density  of  4.56.  Dilute 
nitric  acid  dissolves  the  chloride  without  change  ;  with  the  concentrated 
acid  ignition  and  explosion  occur.  Cacodyl  chloride  combines  with  cuprous 
chloride,  forming  a  white,  insoluble,  crystalline  double  salt,  containing 
As2(GH,)4Cl,.Cu,Cls ;  also  with  cacodyl  oxide.  It  forms  a  thick,  viscid 
hydrate,  easily  dehydrated  by  calcium  chloride.  Cacodyl  trichloride^ 
As(CH,)2Cl3,  is  produced  by  the  action  of  phosphorus  pentachloride  on 
oacodylic  acid : 

As(CH,)20(0H)    +     2PCI5    s=    As(CH5)2Cl,    +    2P0C1,    +     HCl ; 

also  by  the  action  of  chlorine  gas  on  the  mcmochloride.  Prepared  by  the 
first  method,  it  forms  splendid  large  prismatic  crystals,  which  are  instantly 
decomposed,  between  40O  and  5(P  C.  (104-127O  F.),  into  methyl  chloride 
and  arsen-monomethyl  chloride : 

As(cn3)3Ci3  =   CHja  +   Ab(ch3)Ci,. 

Cacodyl  lodidty  k^{C\\j^)^,  is  a  ihin,  yellowish,  heavy  liquid,  of  offensive 
odor,  prepared  by  distilling  alkarsin  with  strong  solution  of  hydriodic 
acid.  A  yellow  crystalline  oxyiodide  is  formed  at  the  same  time.  Cacodyl 
bromide  and.  fluoride  have  also  been  obtained. 

Cacodyl  Cyanide^  As(CH3)2CN,  is  easily  formed  by  distilling  alkarsin  with 
strong  hydrocyanic  acid,  or  mercuric  cyanide.  Above  330  C.  (91.40  F.),  it 
is  a  colorless,  ethereal  liquid,  but  below  that  temperature  it  crystallizes  in 
oolorb^s  four-sided  prisms,  of  beautiful  diamond  lustre.  It  boils  at  about 
140O  C.  (2840  F.),  and  is  but  slightly  soluble  in  water.  It  takes  fire  only 
when  heated.  The  vapor  of  this  substance  is  most  fearfully  poisonous :  the 
atmosphere  of  a  room  is  said  to  be  so  far  contaminated  by  the  evaporation 
of  a  few  grains  of  it  as  to  cause  instantaneous  numbness  of  the  hands  and 
feet,  vertigo,  and  even  unconsciousness. 

Cacodyl  Oxide ^  As,(CH,)40,  is  formed  by  the  slow  oxidation  of  cacodyl. 
When  air  is  allowed  access  to  an  aqueous  solution  of  alkarsin,  so  slowly 
that  no  sensible  rise  of  temperature  foUo^rs,  that  body  is  gradually  con- 
verted into  a  thick,  syrupy  liquid,  full  of  crystals  of  oacodylic  acid.  On 
dissolving  this  mass  in  water,  and  distilling,  water  having  the  odor  of 
alkarsin  passes  over,  and  afterwards  an  oily  liquid,  which  is  the  cacodyl 
oxide.     Impure  oacodylic  acid  remains  in  the  retort. 

Cacodyl  oxide,  purified  by  rectification  from  caustic  baryta,  is  a  colorless, 
oily  liquid,  having  a  pungent  odor,  sparingly  soluble  in  water,  solidifving 
at  —250  C.  (—130  F.),  and  boiling  at  15(P  C.  (302©  F.).  It  strongly  re- 
sembles alkarsin  in  odor,  in  its  relations  to  solvents,  and  in  the  greater 
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number  of  ita  reactions  ;  but  it  neither  fumes  in  the  air,  nor  takes  fire  at 
common  temperatures  :  its  vapor  mixed  with  air,  and  heated  to  about  88^  C, 
(190.40  F.),  explodes  with  violence.  It  dissolves  in  hydrochloric,  hydrobro- 
mic,  and  hydriodic  acids,  forming  chloride,  bromide,  and  iodide  of  cacodyl. 
Cacodyl  dioxide,  ASjCCHj)/),,  is  the  thick  syrupy  liquid  produced  by  tiio 
slow  oxidation  of  cacodyl  or  of  alkarsin.  It  is  decomposed  by  water,  and 
then  yields  a  distillate  of  cacodyl  monoxide,  with  a  residue  of  oaoodjlic 
acid : 

2ASa(CHs)^0,    +     H^O    =    AsjCCH,),©    +    2As(CH8),0(OH). 

CacodylicoT  Dimethyl-arsenic  Add,  ji^n^^s^        ,  also  called  Alkargen, 

— ^This  is  the  ultimate  product  of  the  action  of  oxygen  at  a  low  tempera- 
ture upon  cacodyl  or  alkarsin  in  presence  of  water  :  it  is  best  prepared  bj 
adding  mercuric  oxide  to  alkarsin,  covered  with  a  layer  of  water  and  arti- 
ficially cooled,  until  the  mixture  loses  all  odor,  and  afterwards  decompos- 
ing any  mercuric  cacodylate  that  may  have  been  formed,  by  the  cautious 
addition  of  more  alkarsin.  The  liquid  yields,  by  evaporation  to  dryness  and 
solution  in  alcohol,  crystals  of  cacodylic  acid.  The  sulphide  and  other 
compounds  of  cacodyl  yield  the  same  substance  on  exposure  to  air.  Caco- 
dylic acid  forms  brilliant,  colorless,  brittle  crystals,  which  have  the  form 
of  a  modified  square  prism :  it  is  permanent  in  dry  air,  but  deliquescent 
in  a  moist  atmosphere.  It  is  not  at  all  poisonous,  though  it  contains  more 
than  50  per  cent,  of  arsenic.  It  is  very  soluble  in  water  and  in  alcohol, 
but  not  in  ether  :  the  solution  has  an  acid  reaction.  When  mixed  with 
alkalies  and  evaporated,  it  leaves  a  gummy  amorphous  mass.  With  the 
oxides  of  silver  and  mercury,  on  the  other  hand,  it  yields  crystallizable 
compounds.  It  unites  with  cacodyl  oxide,  and  forms  a  variety  of  combi- 
nations with  metallic  salts.  Cacodylic  acid  is  exceedingly  stable :  it  is 
not  affected  by  red  fuming  nitric  acid,  nitromuriatio  acid,  or  even  chromic 
acid  in  solution  :  it  may  be  boiled  with  th(>se  substances  without  the  least 
change.  It  is  deoxidized,  however,  by  phosphorous  acid  and  stannous 
chloride,  yielding  cacodyl  oxide.  Dry  hydriodio  acid  gas  decomposes  it, 
with  production  of  water,  cacodyl  iodide,  and  free  iodine.  With  dry  hy- 
drochloric acid  gas,  or  with  the  concentrated  aqueous  acid,  cacodylic  acid 
unites  directly,  forming  the  compound  As(CH5),02H.HCl.  But  by  expos- 
ing cacodylic  acid  for  a  long  time  to  a  stream  of  hydrochloric  acid  gas, 
arsen-monomethyl  dicloride  is  obtained,  together  with  water  and 
methyl  chloride : 

As(CH,)203H    H-    3HC1    =    As(CH3)a,    +     2H3O    +    CHjCl. 

Phosphorus  pentachloride  converts  cacodylic  acid,  into  cacodylic  trichloride 
(p.  653). 

Cacodyl  Sulphide,  A%^{C^^)fi,  is  formed  by  adding  barium  sulphide  to 
crude  cacodyl,  or  by  distilling  barium  sulphydrate  with  cacodyl  chloride. 
It  is  a  transparent  liquid  which  retains  its  fluidity  at  — 400^  and  boils  at 
a  temperature  considerably  above  lOQO  C. 

Cacodyl  disulphide,  A82(CHj)^Sj,  is  formed  by  the  action  of  sulphur  on 
caco<iyl  or  the  mouo8ul])hide,  or  by  treating  cacodylic  acid  with  sulphur- 
etted hydrogen  in  a  vessel  externally  cooled.  It  separates  from  the  solu- 
tion in  large  rhombic  crystals.  Its  alcoholic  solution  yields  with  various 
metallic  solutions,  precipitates  consisting  of  salts  of  thiocacody lio 
acid,  As(CH,)2S(SH),  analogous  to  cacodylic  acid.  The  lead  salt, 
As,(CIl8)4S4Pb,  forms  small  white  crystals. 

Arsenmonoinethyl,  A8(CH2t). — ^This  radicle,  which  is  not  known  in 
the  separate  state,   is  either   bivalent  or   quadrivalent.      Its  dichloride^ 


r 
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As(CH3)Cl2,  is  produced  either  by  the  decomposition  of  cacodyl  trichloride 
by  heat :  A 9(0113)2013  =  As(CH3)Cl^  -j-  CH3CI ;  or  by  the  prolonged  action 
of  hydrochloric  acid  on  cacodylic  acid.  It  is  a  colorless,  heavy  mobile 
liqaid,  having  a  strong  reducing  power  ;  it  boils  at  VSS^  C.  (271 .40  F.). 
Its  vapor  exerts  a  most  violent  action  on  the  mucous  membranes  ;  on 
smelling  it,  the  eyes,  nose,  and  whole  face  swell  up,  and  a  peculiar  lanci- 
nating pain  is  felt,  extending  down  to  the  throat.  The  tetrachloride, 
As(Cll3)Cl4,  is  obtained  in  large  crystals  by  passing  chlorine  over  a  mix- 
ture of  the  dichloride  and  carbon  bisulphide  cooled  to  — lOO  C.  (14^  F.). 
It  is  very  unstable,  decomposing  even  near  0^  into  methyl  chloride  and 
arsenious  chloride,  AsClg.  There  is  also  a  chlorobromide,  A8(CH3)ClBr, 
and  a  di-iodide,  As(CUg)l2. 

The  oxide f  As(CHj)0,  obtained  by  decomposing  the  dichloride  with  po- 
tassium carbonate,  forms  large  cubical  crystals,  soluble  in  water,  alcohol, 
and  ether,  and  resolved  by  distillation  with  potash  into  arsenious  oxide 
and  cacodyl  oxide  :  4As(CH3)0  aas  As^Oj  -|-  Asj(CHs)40. 

Arsenmethi/lic  Acid^  As(CH3)0(0H)j,  is  obtained  ad  a  silver-salt  by  de- 
composing arsenmethyl  dichloride  with  a  slight  excess  of  silver-oxide  ; 
and  this  salt,  decomposed  by  sulphuric  acid,  yields  the  acid,  which  re- 
mains on  evaporation  in  the  form  of  a  laminated  mass.     It  is  bibasic. 

Arsemnethyl  sulphide,  As(CHj)SS,  is  obtained  as  a  white  mass  by  passing 
hydrogen  sulphide  over  the  dichloride. 

On  comparing  the  combining  or  equivalent  values  of  the  several  arsen- 
ides of  methyl,  it  will  be  seen  that  they  all  unite  with  elementary  bodies 
and  compound  radicles,  in  such  proportions  as  to  form  compounds  in  which 
the  arsenic  is  either  trivalent  or  quinquivalent,  the  last-mentioned  com- 
pounds being  by  far  the  most  stable.     Thus  : 

Arsenmonomethyl,  As(GH,),  is  bi-  and  quadri-valent,  forming  the  chlo- 
rides A8(CH,)C1,  and  As(CH,)Cl4. 

Arsendimethyl,  As(CH3)2,  is  uni-  and  tri-valent,  forming  the  chlorides 
A8(CH3)2Cl  and  As(CH,)^Cli. 

Arsentrimethyl,  As(CH3)3,  is  bivalent  only,  and  forms  the  chloride 
As(CH3)3Clj. 

Arsentrimethylium,  or  Tetramethylarsonium,  As(CHg}4,  is  univalent, 
forming  the  chloride  AA{(^)i.^)fi\. 


ANTIMONY-BASES  OB  BTIBINEB. 

Of  these  only  the  tertiary  bases  and  the  oorresponding  stibonium-oom- 
pounds  are  knbwn. 

TriethylBtlbine  or  Stibethyl,  Sb(C.^H5)„  is  obtained  by  dis- 
tilling ethyl  iodide  with  an  alloy  of  antimony  and  potassium.  It  is  a 
transparent,  very  mobile  liquid,  having  a  penetrating  odor  of  onions.  It 
boils  at  1580  C.  (136.4C  F.).  In  contact  with  atmospheric  air,  it  emits 
a  dense  white  fume,  and  frequently  even  takes  fire,  burning  with  a  white 
brilliant  flame.  It  is  analogous  in  many  of  its  reactions  to  triethylamine, 
but  has  much  more  powerful  combining  tendencies,  uniting  readily  with 
2  atoms  of  chlorine,  bromine,  or  iodine,  and  1  atom  of  oxygen  or  sulphur, 
thereby  forming  comi)ounds  in  which  the  antimony  is  quinquivalent, 
such  as  Sb(C2H5)3Cl2,  Sb(CjH5)30,  etc.  The  same  tendency  to  act  as  a 
bivalent -radicle  is,  however,  exhibited  by  triethylamine,  which,  though 
it  does  not  unite  directly  with  elementary  bodies,  can  nevertheless  take  up 
a  molecule  of  hydrogen  chloride,  ethyl  iodide,  etc.,  likewise  producing 
compounds  in  which  the  nitrogen  is  quinquivalent,  e.  g,, 

N(C.H,)3HC1,     N(C,H5)3(C,H,)I,  etc. 
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Stibethyl  oxides  Sb(C2H3)30,  forms  a  viscid,  transparent,  bitter,  non- 
poisonous  mass,  soluble  in  water  and  alcohol ;  not  volatile  without  de- 
composition. Treated  with  acids,  it  forms  crjstallizable  salts  containing 
2  molecules  of  a  monatomic  or  1  molecule  of  a  diatomic  acid  radicle,  e.  g. : 
Sb(C,H5),(N0,)„  Sb(C,H4)3SO^,  etc.  The  sulphide,  Sb(C,H4),S,  forms  beau- 
tiful crystals  of  silvery  lustre,  soluble  in  water  and  alcohol.  Their  taste 
is  bitter,  and  their  odor  similar  to  that  of  mercaptan.  The  solution  of 
this  compound  exhibits  the  deportment  of  an  alkaline  sulphide  :  it  pre- 
cipitates metals  from  their  solutions  as  sulphides,  a  soluble  salt  of  stibethyl 
being  formed  at  the  same  time.  This  deportment,  indeed,  affords  the 
simplest  means  of  preparing  the  salts  of  stibethyl.  The  cidoride, 
Sb(C2U5)sClj,  is  a  colorless  liquid,  having  the  odor  of  turpentine  oil.  The 
iodidey  ^hi^GJl^JL^,  forms  colorless  needles  of  intensely  bitter  taste. 

The  analogy  of  triethylstibine  to  triethylamine  is  best  exhibited  in  its 
deportment  with  ethyl  iodide.  The  two  substances  combine,  forming 
tetrethylstibonium  iodide,  Sb(C2H5)4l,  from  which  silver  oxide 
separates  a  powerful  alkaline  base  anidogous  to  tetrethylammonium  hy- 
droxide : 

N(C,H5)/0H)  Sb(C,H,)40H. 

A  series  of  analogous  substances  exists  in  the  methyl  series.  They  have 
been  examined  by  Laudolt,  who  has  described  several  of  their  compouutU, 
and  separated  the  methyl-antimony-base  analogous  to  tetramethylauiuio- 
nium  hydrate. 

The  iodide,  Sb(CH3)4l,  produced  by  the  action  of  methyl  iodide  upon 
trimethylstibine,  Sb(CH3)s,  crystallizes  in  white  six-sided  tables,  which 
are  easily  soluble  in  water  and  alcohol,  and  slightly  soluble  in  ether.  It 
has  a  very  bitter  taste,  and  is  decomposed  by  the  action  of  heat.  When 
treated  with  silver  oxide,  it  yields  a  powerfully  alkaline  solution,  exhibit- 
ing all  the  properties  of  potash,  from  which,  on  evaporation,  a  white  crystal- 
line mass,  the  hydroxide  of  tetramethyUtibonium,  Sb(CHs)4(0H),  crystallizes. 
This  compound  forms  an  acid  sulphate,  Sb(CH3)4S04U,  wliich  crystalilzca 
in  tables. 

Bismethyl  or  Trlethylbismiithine,  BiCC^Hg),,  analogous 
in  composition  to  triethylstibine  and  triethylarsine,  is  formed  by  the  action 
of  ethyl  iodide  on  an  alloy  of  bismuth  and  potassium,  and  is  extracted 
from  the  residue  by  ether.  It  is  a  yellow  liquid  of  specific  gravity  1.82, 
has  a  most  nauseous  odor,  and  emits  vapors  which  take  fire  in  contact  with 
the  air.    It  unites  with  oxygen,  chlorine,  bromine,  iodine,  and  nitric  acid. 


DIATOmC  BASES  OF  THE  PHOSPHORUS  kSTD  ABSENIG  SERIES. 

The  action  of  ethene  bromide  on  triethylphosphine  gives  rise  to  the  for- 
mation of  two  crystalline  bromides,  according  to  the  proportions  in  which 
the  substances  are  brought  in  contact.  These  bromides  are  CKHigPBr,^ 
(CjiysP  +  CjH^Br,  and  CuHs^PjBr,  =  2(CjH5)8P  -|-  CjH^Brj.  The  first  of 
these  compounds  is  the  bromide  of  a  phosphonium  in  which  3  atoms  of 
hydrogen  are  replaced  by  ethyl  and  1  atom  by  the  univalent  radicle  bro- 
methyl,  C2H4Br,  namely,  [(C,H4Br)(C,n5).P]Br.  Half  the  bromine  in  this 
salt  is  unaffected  by  the  action  of  silver-salts  ;  it  may  accordingly  be  desig- 
nated as  bromide  of  bromethyl'triethyl-phosphonitan.  Numerous  salts  of  this 
compound  are  known,  but  the  free  base  cannot  be  obtained,  since  silver 
oxide  eliminates  the  latent  bromine,  giving  rise  to  the  formation  of  a  base 
containing  [C,H50)(C,Hg)3P]0H.    The  second  compound  is  the  dibromide 
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of  ethene-hexethyi'diphosphonium  [(C2H^)(C2Hj)6P2]Br2.  This  radicle,  analo- 
gous to  (lianimonium,  NjHg,  forniH  a  series  of  very  stable  and  beautiful 
salts,  especially  an  iodide,  which  is  difficultly  soluble  in  water.  In  all 
these  salts  the  base,  which  is  composed  of  1  atom  of  ethene,  6  atoms  of 
ethyl,  and  2  atoms  of  phosphorus,  is  united  with  2  equivalents  of  univa- 
lent acid  radicle;  the  platinum-salt  contains  (C2H4)(C2H5)jPjBr2PtCl4. 
The  very  caustic  and  stable  base  has  the  composition  [(CjHJCC^Hi^)^!'^] 
(OHV 

The  dibromide  of  ethene-hexethyl-diphosphonium  may  be  formed  by  the 
action  of  triethylphosphine  upon  the  bromiuated  bromide  which  has  been 
mentioned  as  the  first  product  of  the  action  of  ethene  dibromide  upon  tri- 
ethylphosphine  :  C8H,aPBr2.(C2H4)3P  =  C^Hj^PaBr,.  If  the  triethylphos- 
phine  be  replaced  in  this  process  by  ammonia  or  by  monamines  in  general, 
or  by  monarsines,  an  almost  unlimited  series  of  diatomic  salts  niay  be 
formed,  in  which  phosphorus  and  nitrogen  or  phosphorus  and  arsenic  are 
associated. 

Thus  the  action  of  ammonia,  of  ethylamine,  and  triethylarsine,  gives 
rise  respectively  to  the  following  compounds : 

Dibromide  of  Ethene-triethyl-  )      rrrvf  \rrjj\Ti  pvmi* 
phosphammonium    .     .     .    f      L(C2H,)(C,H5),H3PN]Br,. 

^"bl^'rnir^*'^^^^^^^ }      [(C.H,)(CA)APN]Br,. 

^t^hl^'^^'r^^^^^  }      [(O.H.)(CA).PA8]Br.. 

Treated  with  silver  oxide  those  bromides  yield  the  very  caustic  diatomic 
bases — 

^ChrL^^r-*:"!'".'- }  [( w(CA).H.PN](OH).. 

^'^:^;tJ^nZ^'^'"!'']- }     [( W(CA),H,PN](OH).. 

Hydroxide  of  Ethene-hexethyl-  \      ^  .p  tj  \/r  u  \  PA«^/nw^ 
phospharsonium  .     .     .     .    f      L(C,H,)(C,H5)ePAs](OH),. 

The  arsenic  bases,  when  submitted  to  the  action  of  ethene  dibromide, 
give  rise  to  perfectly  analogous  results.  The  limits  of  this  Manual  will 
not  permit  os  to  examine  these  compounds  in  detail. 


ORGANO-BORON  COMPOUNDS. 


Borlo  Trlethiae,orBorethyl,  BCC^Hj),,  discovered  by  Frank- 
land,  is  obtained,  together  with  zinc-ethoxide,  by  treating  triethylic  borate 
with  zinc-ethide : — 

BCOCjHi),    -f     SZnCCaHj),    =    SZnCOCjHj),    +     B(CjHj)j. 

It  is  a  colorless,  mobile  liquid,  having  a  pungent  odor,  irritating  the 
eves,  of  sp.  gr.  0.696  at  230C.  (73.40  p.),  and  boiling  at  950  C.(203O  P.). 
Borethvl  is  insoluble  in  water,  but  very  slowly  decomposed  when  left  in 
prolonged  contact  with  it.  When  exposed  to  the  air  it  takes  fire,  burning 
with  a  beautiful  green  and  somewhat  smoky  flame.  It  combines  with  am- 
monia, forming  the  compound  NH^.BCC.Hs),.  By  the  gradual  action  of 
dry  air,  and  ultimately  of  dry  oxygen,  borethvl  is  converted  into  the  di- 

ethylic  ether  of  ethylbori^  aci4,  (QiH5)B<2^2g*  ,  a  liquid  boiling,  with 


658       FATTT  GROUP:  ALCOHOLS  AND  ETHERS. 

partial  decomposition,  between  950  and  1150  C.  (203O  and  239^  F*),  bnt 
distilling  unchanged  under  reduced  pressure.  In  contact  with  water  this 
liquid  is  immediatelj  transformed  into  ethjiboric  acid,  (C2H2)B(OH)2. 

DiboricEthopentethoxide* (or  Eihopeniethyl&te)fB^{(^Rf,)(OCfH^)^, 
is  formed  by  heating  2  molecules  of  boric  ether  with  1  molecule  of  zinc 
ethide : — 

2B(0C,H,),  +  Zn(C,H,),  =  Zn<g»?^^  +  B,(C,H,)  (OC,H,),  . 

It  is  a  colorless,  mobile  liquid,  boiling  at  about  I20O  C.  (2480  F.),  and 
condensing  unchanged.  Its  vapor-density,  taken  between  1140  and  12(P 
C.  (237.20  and  248^^  F.),  is  69  (H  =l),which  represents  a  four-volume  con- 
densation, indicating  that  the  compound,  in  passing  from  the  liquid  to  the 
gaseous  state,  is  broken  up  into  diethylic  ethjlborate  and  boric  ether  : — 

B,(C,H,)(OC,H5)5    =    (C,H,)B(0C,H5),    »    B(OC,H,),  , 

just  as  sal-ammoniac,  NH^Cl,  is  resolved  by  heat  Into  NH,  and  HCl,  which 
together  occupy  four  volumes  of  vapor  (p.  230).  A  similar  deportment  is 
exhibited  by  ammonioborio  methide,  NU,.B(CUs)j,  which  is  resolved  by 
heat  into  NU,  and  B(CH,)s,  the  mixed  vapor  resulting  from  the  decompo- 
sition having  also  a  four- volume  condensation.  These  results  render  it 
probable  that  the  compounds  under  consideration  have  a  constitution 
analogous  to  that  of  the  ammonium  salts,  and  that  boron,  though  gene- 
rally triadic,  may,  like  nitrogen,  enter  into  combination  also  as  a  pentad. 
On  this  view  the  constitution  of  ammonioborio  methide  and  di boric  etho- 
pentethoxide  may  be  represented  by  the  following  formuls  : — 

NH,  (C,nj)B(OC,H.), 

II  ii 

B(CH.),  B(OC,H,), 

AmmonioDorio  Dlboric 

methide.  Ethopentetboxide. 

In  contact  with  water,  diboric  ethopentetboxide  is  immediately  decomposed 
into  boric  acid,  ethyl-boric  acid,  and  alcohol : — 

B,(C,H5)(OC,H4)4  +  5H,0  =  B(0H)3  +  (CA)B(OH),  +  SC^H^COH). 

Boric  Diethylethoxide,  (C,H5),B(OCjH4),  is  produced  by  boiling 
boric  ether  with  2  molecules  of  zinc  ethide  :— 

B(OC,H,),    +     2Zn(C,H5),     =    2Zn<g«^^|^    +      (C,H,),B(OC,H,). 

When  purified  by  distillation  in  an  atmosphere  of  carbon  dioxide,  it  is 
a  colorless,  mobile  pungent  liquid  boiling  at  102O  C.  (215. 60  F.),  and 
having  at  135.50  C.  (275.90  F.)  a  vapor-density  of  56.6  (H  =  1),  indi- 
cating a  normal  two-volume  condensation.  It  takes  fire  in  the  air,  and 
burns  with  a  green  flame.  Exposed  to  dry  air  and  then  to  oxygen,  it  oxi- 
dizes to  boric  ethylodiethoxide,  (CjH4)B(OCjH5),. 

Boric  Diethylhydroxide,  (C,Hj),B (OH),  formed  by  agiUtinp:  boric 
diethyl-ethoxide  with  water,  is  a  spontaneously  inflammable  ethereal 
liquid,  resembling  boric  ethide,  and  decomposing  when  distilled. 

^oric  Ethyl-hydroxethoxide,  (CjH5)B<^^'^6  ,  is  formed  by  ex- 
posing the  last  compound  in  a  cooled  vessel  to  a  slow  current  of  dry  air. 
It  is  liquid  at  ordinary  temperatures,  but  solidifles  below  80  C.  (46.40  F.) 

*  This  And  the  follnwlncr  cnmpounds  hKve  quite  recently  been  disoovrred  by 
Frankland  (Proc  Hoy.  Soc.  1876,  vol.  xxv.  p.  166). 
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to  a  white  crjatalline  body  smelling  like  borethide,  and  having  a  pungent 
taste.   It  is  rapidly  decomposed  by  water  into  ethyl  boric  acid  and  alcohol : 

(CA)B(0H)(0C,H5)  +  H,0  «  (CA)B(OH),+  CfifiR. 

It  is  not  spontaneously  inflammable,  and  cannot  be  distilled  under  ordi- 
nary atmospheric  pressure  without  decomposition. 

Boric  Trlmethide,  or  Bor-methyl,  B(CH,)3,obtainedlikethe 
ethyl-compound,  is  a  colorless  gas,  which  condenses  to  a  liquid  at  low  tem- 
peratures.   It  unites  with  ammonia,  forming  the  compound  HgNZ^CCH,),. 


ORGANO-SILICON  COMPOUNDS. 

Silicon  is  a  tetrad  element,  and  forms  with  alcohol-radicles  compounds 
bearing  a  very  close  analogy  to  the  hydrocarbons. 

Bilioic-Tetramethide,  81(0.13)4,  is  produced  by  heating  sili- 
con tetrachloride  with  zinc  methide  : — 

SiCl^    4-     2Zn(CH,),    »    2ZnCT,    +     SiCCH,)^ . 

It  is  a  mobile  liquid,  which  boils  at  30O  C.  (86O  F.),  is  not  decomposed  by 
water,  and  reacts  generally  like  a  hydrocarbon,  viz.,  tetramethyl-me thane. 

Silicic  Tetrethlde,  SiCCgHg}^,  prepared  like  the  methyl-com- 
pound, is  a  liquid  boiling  at  1530  C.  (307.40  p.).    With  chlorine  it  yields 

the  monochlorinated  derivative,  Si  i  ^^|j^^^», which  boils  at  185©  C.(3650  F.) 
and  reacts  exactly  like  the  chloride  of  a  hydrocarbon,  being  converted  by 
potassium  acetate  into  the  acetic  ether,  Bi  •{  a  |t  9^p  tt  rvv  ,  which  boils  at 
2110  C.  (411. 80  F.),  and  is  decomposed  by  alkalies  into  acetic  acid,  and  an 
alcohol  having  the  composition  Bi  •(  a  ^  ^}Xt  •  This  alcohol  is  a  liquid  in- 
soluble in  water,  and  boiling  at  IdQO^c!  (374P  P.). 

Silicic  tetrethlde  and  its  derivatives  may  be  regarded  as  nonyl-compounds 
in  which  1  atom  of  carbon  is  replaced  by  silicon  ;  thus  : 

Si(C2H5)4  =  SiCgHjo Silicononane, 

®^{c^H^Cl'  ™  SiCgHijCJl    ....  Silicononyl  chloride, 

^*  { cX.o!c,H,0  —  SiC8H„(0.C,H,0)     .  "         acetate, 

^*{c^H^(OH)  **  SiC8Hij(0H)   ...  "         alcohol. 

Sthylated  Silicic  Ethers. ^When  normal  silicic  ether, 
Si(OC2H5)4,  is  heated  with  zinc-ethyl  and  sodium,  one  or  all  of  the  ethoxyl- 
groups  are  replaced  by  ethyl,  the  product  being  a  mixture  of  mono-,  di-, 
and  triethylated  silicic  ethers,  and  silicic  tetrethlde,  which  may  be  sepa- 
rated by  fractional  distillation. 

Triethylsilicic  ether,  (C,H5),Si.(OC,H0,  or  Siltcoheptyl-ethyl  oxide, 
SiCeH^.O.CaHg,  is  a  liquid,  of  specific  gravity  0.841  at  OO  C,  boiling  at 
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1530  C.  (307.40  F.),  insoluble  in  water.  Treated  with  acetic  anhydride, 
it  yields  an  acetic  ether,  convertible  by  the  action  of  potash  into  triethyl 
silicon-hydroxide,  (C2H5),Si(OH),  which  is  a  tertiary  silicic  alcohol, 
analogous  to  triethyl-carbinol,  and  is  hence  called  triethyl-silicol. 
It  is  a  colorless,  oily  liquid,  smelling  like  camphor,  insoluble  in  water, 
boiling  at  154^  C.  (309.L<5  F.). 

Diethylsilicic  ether,  (CjH5)^i(OC,H5)„  is  a  fragrant  liquid,  insolu- 
ble in  water,  boiling  at  155. bO  C.(312.40  F.),  and  having  a  s|)ecific  gravity 
of  0.875  at  00  C.  When  heated  with  acetyl  chloride,  it  yields  the  com- 
pounds (Cj,H5),Si(OC,H5)Cl  and  (C2H5)jSiCl,.  The  latter  is  a  fuming 
liquid,  boiling  at  14feO  C.  (298.40  F.),  and  converted  by  water  into  di- 
ethylsilicic  oxide  (C2ll5),SiO,  analogous  to  diethyl  ketone,  (C2U(),C0. 

Monethyl  silicic  ether,  (C2Hr)Si(OC2Hr)„  is  a  liquid  smelling  like 
camphor,  boiling  at  159^  C.  (318.2p  F.),  slowly  decomposed  by  water. 
Heated  with  acetyl  chloride,  it  yields  ethylsilicon  tri chloride , 
(C./lls)SiCl3,  a  strongly  fuming  liquid  which  boils  at  lOOC-,  and  is  con- 
verted by  water  into  ethylsilicic  or  silicopropionic  acid,C,H}. 
8iO.OH.  This  acid  is  a  white  amorphous  powder,  which  smoulders  away 
when  heated  in  the  air,  and  dissolves  in  aqueous  potash  and  soda,  forming 
silico-propionates. 


ORGANO-METALLIC  COMPOUNDS. 

Tlie  name  is  especially  applied  to  oomi>ounds  of  alcohol-radicles  with 
metals  not  belonging  to  the  pentad  group.  Those  containing  the  more  basic 
metals,  such  as  zinc,  are  formed  by  the  direct  action  of  the  metals,  or  bet- 
ter, of  their  sodium  alloys,  on  the  alcoholic  iodides  :  e.g,, 

ZnNa.    -I-    ^jHjI    =    2NaI    +     Zn(C,H.), 
Zinc  •sodium.  Zinc  ethide. 

Those  containing  the  less  basic  metals  (tin,  lead,  etc.)  are  produced  by  the 
action  of  organo-zinc  or  mercury-compounds  on  metallic  chlorides  :  e.  y., 

Sna<    -f-    2Zn(C,H5)g    =    2ZnCl,    +     Sn(C,H5)<. 

PotasBlnm  Ethide,  C^H^K,  and  Bodium  Ethide,  C,HgNa, 

aro  known  only  in  combination  or  mixture  with  zinc  ethide,  in  which  state 
they  are  obtained  by  the  action  of  potassium  or  sodium  on  zinc  ethide. 
These  compounds  and  their  homologues,  discovered  by  Wanklyn,  have 
played  an  important  part  in  chemical  synthesis.  They  absorb  carbon- 
dioxide,  producing  salts  of  the  fatty  acids: 

C^HgNa    +    COj    =    CjHj.CO^Na. 

Sodium  propioDAte. 

m 

By  the  action  of  carbon  monoxide  they  are  converted  into  ketones: 
2C,H5Na    -I-    CO    =    Na,    +     (CjHs)^^. 

MagneBitim  Ethide,  Mjr(0,n,i)2. — ^When  ethyl  iodide  is  heated 
with  magnesium  filings  in  a  vessel  from  which  the  air  is  excluded,  magne- 
sium ethiodide  is  formed  in  the  first  instance  according  to  the  equation : 


Mg    +    Cfi,\    =    Mg<J^»^»; 


I 
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and  this  compound,  when  heated,  is  resolved  into  iodide  and  ethide  : 


2Mg<^ 


J'a^s    «    Mgl,    +     MgCCjU^),. 


Magnesium  ethide  is  a  liquid  which  takes  fire  spontaneously  in  the  air, 
and  is  rapidly  decomposed  by  water,  with  formation  of  ethane : 

MgCCjHj),    +     H,0    =    2C,He    +    MgO. 

Zinc  Bthida  or  Zino-ethyl,  ZnCC,!!^),,  is  formed  by  heating 
ethyl  iodide  with  zinc  in  a  sealed  glass  tube,  or  lor  larger  quantities,  in  a 
strong  and  well-closed  copper  cylinder.  The  reaction  takes  place  in  the 
same  manner  as  with  magnesium,  zinc  ethiodide,  Zn(C,U^I,  being  formed 
in  the  first  instance  as  a  white  crystalline  mass,  which,  when  distilled  in 
an  atmosphere  of  hydrogen,  is  resolved  into  zinc-iodide  and  zinc-ethide, 
the  latter  distilling  over. 

Zinc-ethide  is  a  mobile  and  very  volatile  disagreeable-smelling  liquid, 
having  a  specific  gravity  of  1.182,  and  boiling  at  II80  C.  (244.40  F.).  It 
takes  fire  instantly  on  coming  in  contact  with  the  air,  difi'using  white  fumes 
of  zinc  oxide.  Water  decomposes  it  violently,  with  formation  of  zinc  hy- 
droxide, and  evolution  of  ethane : 

ZnCCaH,),    +    2H,0    =    ZnH,0,    +    2C,U^. 

When  gradually  mixed  with  dry  oxygen^  it  passes  through  two  stages  of 

{C  H 
oh  H     »       *"^ 
finally  zino-ethoxide,  ZnCOC^Hj),.     With  iodine  and  other  halogens, 
the  reaction  also  takes  place  by  two  stages,  but  consists  in  the  successive 
substitution  of  the  halogen  for  the  ethyl ;  thus  : 

Zn(C,H,),    +     I,    =    C,HJ    +    Zn(C,H,)I, 
and 

ZnCCjHj)!    +     I,    =    C^HJ    +    Znl,. 

Zinc  Methide,  Zn(CHs),,  prepared  in  like  manner,  is  a  mobile  spon- 
taneously infiainmable  liquid,  which  boils  at  4iP  c.  (114.80  F.),  and  re- 
sembles the  ethyl  compound  in  all  its  reactions. 

Zinc  Isopropide,  ZnCC^H,),,  boils  at  1460  C.  (294.80  F.).  Zinc  iso- 
pentide,  or  Zinc  amylide,  ZnCCgHu),,  boils  at  2200  C.  (4280  F.),  and 
fumes  strongly  in  the  air,  but  does  not  take  fire  spontaneously. 

These  organo-zlno  compounds,  discovered  by  Frankland,  are  very  im- 
portant reagents  in  organic  synthesis,  serving  to  effect  the  substitution  of 
the  positive  radicle  ethyl,  etc.,  for  chlorine,  iodine,  and  other  negative 
elements,  and  thus  enabling  us  to  build  up  carbon-compounds  from  others 
lower  in  the  scale.   With  carbon  oxychloride  (phosgene)  they  form  k  e  t  o  n  e  s : 

COCl,    4.     Zn(CH,)a    »    ZnCl,    +    CO(CHj,),; 

Acetone. 

also  with  the  chlorides  of  acid  radicles  at  ordinary  temperatures :  e.  ^., 

2(CH,.C0C1)     -f     Zn(C,Hj),    =    ZnCQ,    -f     2C0<JJJj 

Methyl^ethylketone. 

They  also  serve,  as  already  mentioned,  for  the  preparation  of  other 
organo-metallio  bodies  :  e.  </., 

ZnCC^Hj),  -f  HgCl,  =  ZnH,  +  Hg(C,H,)a 

2Zn{Cfi^\  +  SnCl^  =  2ZnClj  -f  Sn(C.,H04 

aZnCCjHj),  4-  2ASCI5  «  3ZnClj  +  2As(C2H5),. 
56 
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Sulphur  dioxide  is  absorbed  by  these  zinc-compounds ,  with  fonnation  of 
the  zinc  salts  of  methyl-  and  ethy  1-dithionic  or  sulphinic  acids 
(p.  554).  Nitrogen  dioxide  dissolves  in  zinc-ethide,  forming  a  crystalline 
compound,  which,  by  the  action  of  water  and  carbon  dioxide,  is  converted 
into  the  zinc  salt  ofdinitroethylic  acid,  CsHj.NgO^U,  the  structure 
of  which  has  not  yet  been  satisfactorily  made  out. 


ercnric  Ethide,  Hg(C2Hg)2. — Tliis  compound  is  formed  by  the 
action  of  mercuric  chloride  on  zinc  ethide,  but  it  is  more  easily  prepared 
by  the  action  of  sodium-amalgam  on  ethyl  iodide  in  presence  of  acetic 
ether  * 

2C,H5l    -f     Na,    +     Hg    =    2NaI    +    Hg(C,Hj),. 

The  acetic  ether  takes  no  part  in  the  reaction ;  nevertheless  its  presence 
appears  to  be  essential. 

Mercuric  ethide  is  a  transparent  colorless  liquid,  boiling  at  1590  C. 
(318.20  F.)^  and  having  a  sp.  gr.  of  2.44.  It  burns  with  a  smoky  flame, 
giving  off  a  large  quantity  of  mercurial  vapor.  Chlorine,  bromine,  and 
iodine  remove  one  equivalent  of  ethyl  from  this  compound,  and  take  its 
place,  forming  mercuric  chlorethide,  etc.;  thus: 

HgCCjHj),    4-    CI,    =     CjH^Cl    +    Hg(C,H,)Cl. 

A  similar  action  is  exerted  by  acids,  «.  g.,  by  hydrobromic  acid,  the  pr(K 
ducts  being  ethane  and  mercuric  bromethide : 

Hg(C,H5)a    +     HBr    =     C^H.    +     Hg(CA)Br. 

The  chlorethide  or  bromethide  is  converted  by  water  into  mercuric  ethyU 
hydrate,  Hg(C2H5)(011).  Mercuric  ethide  serves  for  the  preparation  of 
several  other  organo-metallic  bodies. 

MeroTxrio  Methide,  Hg(CHs)2,  prepared  by  similar  processes,  is  a 
liquid  slightly  soluble  in  water,  boiling  at  95^  C.  (203O  F.),  and  having  a 
specific  gravity  of  3.069. 

Mercnrlo  Isopentide  or  Amylide,  HgCC^H^),  is  a  thick  liquid,  of 
specitio  gravity  l.tJG,  decomposed  by  distillation. 

Meronrio  Ally  lie  dide,  Hg<^'   *  ,  produced  by  agitating  allyl  iodide 

with  mercury,  crystallizes  from  alcohol  in  silvery  laminae,  melting  at  1350 
C.  (2750  F.).     With  hydrogen  iodide,  it  yields  mercuric  iodide  and  pro- 

^*'''^'  Hg(C3n,)I    -f     HI    =    Hgl,    +     CjHe. 

Alnminlnm  Methide,  Al(CHj,)st  or  Al2(CH3)g.  This  compound, 
discovered  by  Buckton  and  Odling,  is  formed  by  heating  mercuric  methide 
with  aluminium.  It  is  a  mobile  liquid,  which  crystallizes  at  a  little  above 
00,  and  boils  at  130O  C.  (20()O  p.).  At  and  above  220O  C.  (4280  F.)  the 
density  of  its  vapor,  compared  with  that  of  air,  is  2.8,  which  is  near  to 
the  theoretical  density  calculated  for  the  formula  AlCCHg),,  namely,  2.5. 
This  seems  to  show  that  the  true  formula  of  the  compound  is  A^CHj),,  and 
not  AljCCHg)^,  and,  consequently,  that  aluminium  is  a  triad,  not  a  tetrad 
(p.  240).  At  temperatures  near  the  lx>iling  point,  however,  the  vapor- 
density  becomes  4.4,  approximating  to  the  theoretical  density  calculated 
for  the  formula,  Aljj(Cll3)j. 

Alumininm  Ethide,  AKC^HOz*  or  Al^CC^HJ^,  resembles  the  methyl 
compound.     It  boils  at  1940  C.  (381.2^  F.),  and  its  vapor  likewise  exhibits, 
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at  temperatures  considerably  above  its  boiling  point,  a  density  nearly  equal 
to  that  required  by  the  formula  Al(C2lIg)3,  tor  a  two- volume  condensa- 
tion. 

Tin  Compounda. — Tin  forms  two  ethyl-compounds,  SnCCjHji), 
and  S:>n(C,U2)4,  analogous  to  stannous  and  stannio  chlonde  ;  also  a  stan- 
noso-stannic  ethide,  SSnjCCjHj)^,  analogous  in  constitution  to  ethane,  C^Hg. 
Stannic  ethide  is  a  saturated  compound,  but  the  other  two  are  unsaturated 
bodies,  capable  of  uniting  with  chlorine,  bromine,  oxygen,  and  acid  radi- 
cles, and  being  thereby  converted  into  compounds  of  the  stannic  type. 

Stannous  Ethidb,  SnCC^Hg)-. — ^When  ethyl  iodide  and  tinfoil  are  heated 
together  in  a  sealed  glass  tube  to  about  l,%o  or  18()0  C.  (302-356O  F.), 
stannic  iodethide,Sn(CjEl5)2l2,  is  produced,  crystallizing  in  colorless  needles. 
The  same  compound  is  obtained  when  tin  and  ethyl  iodide  are  exposed  to 
the  rays  of  the  sun  concentrated  by  a  concave  mirror.  The  reaction  is  con- 
siderably facilitated  if  the  tin  be  alloyed  with  one-tenth  of  its  weight  of 
sodium.  This  iodide  is  decomposed  by  sodium  or  zinc,  which  abstracts  the 
iodine,  and  leaves  stannous  ethide  in  the  form  of  a  thick,  oily  liquid, 
insoluble  in  water,  having  the  sp.  gr.  1.658,  and  decomposed  by  distilla- 
tion. Stannous  ethide  combines  directly  with  2  atoms  of  chlorine,  iodine, 
and  bromine,  forming  stannic  chlorethide,  Sn*^(CjH5)/'lj,  etc.  Exposed 
to  the  air,  it  absorbs  oxygen,  and  is  converted  into  stannic  oxethide, 
Sn''(C2H5)20,  a  whitish,  tasteless,  inodorous  powder,  which  when  treated 
with  oxygen  acids,  yields  well  -  crystallized  stannic  salts,  such  as 
Sn(C2Us)2(N03)2,  Sn(C2H6).,SO„  etc. 

Stannoso-btannic  Ethide,  SnjCCjHB)^,  is  always  produced  in  small 
quantity  when  stannous  ethide  is  prepared  by  the  methods  above  men- 
tioned. It  is  readily  obtained  in  the  free  state  by  digesting  an  alloy  of  1 
part  of  sodium  and  5  parts  of  tin  with  ethyl  iodide,  exhausting  the  mass 
with  ether,  evaporating  the  ethereal  solution,  and  exhausting  the  residue 
with  alcohol.  The  stannoso-s tannic  ethide,  being  insoluble  in  that  liquid, 
then  remains  behind.  It  is  a  yellow  oil,  boiling  at  18()0  C.  (35GO  F.), 
combining  directly  with  chlorine,  bromine,  and  iodine  to  form  two  mole- 
cules of  a  stannic  compound  ;  e,  g. : 

SiijCGjHg),    +    CI,    =    2Sn^-(C,E,),Cl ; 

Stannic  chloro-triethide. 

also  with  oxygen,  forming  distannic  oxy-hexethide,  Sn''a(C2H5)jO.  This 
oxide  is,  however,  best  obtained  by  distilling  stannic  oxy-diethide, 
Sn'»(C2Hj)jO  (above  described),  with  potash.  It  is  an  oily  liquid,  soluble 
in  alcohol,  ether,  and  water ;  the  aqueous  solution  has  a  strong  alkaline 
reaction.  It  is  easily  acted  upon  by  oxygen-acids,  yielding  the  corre- 
sponding sulphate,  Sn2(C.^U5)QS04,  etc. 

Stannic  Ethidb,  Sn'^CCjIT,)^,  is  produced  by  the  action  of  zinc  ethide  on 
stannic  chloride  ;  also  by  the  distillation  of  stannous  ethide  :  2Sn(C2H5)2 
=  Sn  -I-  Sn(CgH,)4.  It  is  a  colorless,  nearly  odorless  liquid,  of  sp.  gr. 
1.19,  boiling  at  1810  C.  (257.80  F.),  and  very  inflammable,  burning  with 
a  highly  luminous  flame.  When  treated  with  chlorine,  bromine,  etc.,  or 
with  acids,  it  forms  substitution-products  :  thus,  with  iodine,  it  splits  up 
into  ethyl  iodide  and  stannic  iodotrlethide  : 

SnCC^Hg),    +     Ij    =    CjHJ    +     Sn(C,n,),I, 

with  strong  hydrochloric  acid,  it  yields  ethane  and  stannic  chlorotriethide, 
Sn(C2Hg),  +  HCl  =  CJIe  +  Sn(CaH5)sCl. 
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Stannous  Methide,  Sn(CH,)2,  and  Stannic  Methide,  Sn(CH,)^, 
resemble  the  corresponding  ethyl  compounds,  and  are  obtained  by  similar 
reactions. 

Plumbio  Ethide,  PbCC,!!^)^)  is  produced  by  the  action  of  plnmbio 
chloride  on  zinc  ethide  : 

2Zn(CjHj)2    +    2Pba,    «    2ZnCla    +    Pb    +    PbCCjHj)^ . 

It  is  a  colorless  limpid  liquid,  soluble  in  ether  but  not  in  water.  When 
protected  from  the  air,  it  boils,  with  partial  decomposition,  at  about  200O 
C.  (3920  F.).  It  is  not  acted  upon  by  oxygen  at  ordinary  temperatures, 
but  chlorine,  bromine,  and  iodine  act  violently  upon  it  in  the  same  manner 
as  on  stannic  ethide,  forming  plumbic  chloro-triethide,  Pb(C2H5)jCl,  etc. 
Plumbic  ethide  is  interesting,  as  affording  a  proof  that  lead  is  really  a 
tetrad  (p.  274). 


These  are  bodies  containing  the  bivalent  group  CO,  associated,  on  the 
one  hand,  with  a  monatomic  aJcohol  radicle,  and  on  the  other  with  hydro- 
gen ;  €.^., 

H— CO— CHj  H—CO— C,H, 

Acetio  aldehyde.  Valeric  aldehyde. 

They  are  derived  from  primary  alcohols  by  elimination  of  one  or  more 
molecules  of  hydrogen  (H2)i  without  introduction  of  an  equivalent  quan- 
tity of  oxygen,  so  that  they  hold  a  position  intermediate  between  the  alco- 
hols and  the  acids  ;  thus  : 

CH-  CHj  CH. 

I  I                                I 

HjC— 0— H  Q— C— H  one— 0— H 

Kthyl  Acetic                            Acetic 

alcohol.  aldehyde.                         add. 

The  hydrogen  eliminated  in  the  conversion  of  a  primary  alcohol  into  an 
aldehyde  is  that  which  belongs  to  the  group  CHfiR  ;  consequently  a  mon- 
atomic alcohol  can  yield  but  one  aldehyde ;  but  a  diatomic  alcohol  can 
yield  two,  by  removal  of  H,  and  of  2H2;  a  triatomic  alcohol  three,  and  so  on. 
At  present,  however,  we  are  acquainted  only  with  aldehydes  derived  from 
monatomic  and  diatomic  alcohols. 


Aldehydes  derived  from  Monatomic  Alcohols. 

Of  these  aldehydes  there  are  two  series  belonging  to  the  fatty  group, 
viz. : — 

1.  Aldehydes,  C„Hj„0,  corresponding  with  the  Fatty  acids, 

Caproic  aldehyde       .  .  CjH|,0 

(^nanthylic  aldehyde  .  C,H,40 

Caprylic  aldehyde     .  •  CgH,^0 

Euoiic  aldehyde        .  .  C^Hg^O. 


Formic  aldehyde 

.     CHgO 

Acetic  aldehyde 

.     CgH^O 

Propionic  aldehyde     . 

.     CjH^O 

Butyric  aldehyde 

.     C^U^O 

Valeric  aldehyde 

•          CjHjqO 

ALDEHYDES.  6G5 

2.  Aldehydes,  C„H2n__jO,  corresponding  with  the  Acrylic  acids. 

Acrjlio  aldehyde,  or  Acrolein      .         .         .     C3H4O 
Crotonic  aldehyde C^HjO. 

All  these  aldehydes  contain  two  atoms  of  hydrogen  less  than  the  cor- 
responding alcohols,  and  one  atom  of  oxygen  less  than  the  corresponding 
acids. 

The  aldehydes  of  the  fatty  groups  are  produced :  1.  By  oxidation  of 
primary  alcohols,  either  by  the  action  of  atmospheric  oxygen,  or  by  that 
of  a  mixture  of  dilute  sulphuric  acid  and  potassium  dichromate  or  man- 
ganese dioxide,  or  by  the  action  of  chlorine  on  the  alcohol  diluted  with 
water,  the  chlorine  in  this  case  decomposing  the  water,  and  thus  acting  as 
.  an  oxidizing  agent ;  e.  g. : — 

CH,  CH, 


I  +        0         =        H,0        + 

CUaOH  OOH 

Ethyl  alcohol.  Acetic  aldehyde. 

2.  By  distilling  an  intimate  mixture  of  the  calcium  salt  of  the  corre- 
8i)onding  acid  with  calcium  formate  ;  e,  g. : — 

CHj.CO.OH  +  H.CO.OH  =  CO,  +  H^O  +  CH5.CO.H 
Acetic  acid.        Formic  acid.  Acetic  aldehyde. 

3.  By  the  action  of  nascent  hydrogen  on  the  anhydrides  and  chlorides 
(chloranhydrides)  of  the  fatty  acids  : — 

CH3.COCI         +         Hj         a=         HCl         +         CH3.COH 
Acetyl  chloride.  Acetic  aldehyde. 

Ch'!cO>^    +      2H,        =        Bfi        +    2(CH,.C0H). 
Acetic  anhydride. 

4.  From  the  corresponding  di-halogen  derivatives  of  the  hydrocarbons, 
by  heating  with  water,  or  better,  with  lead  oxide  : — 

CHs.CHCL        +         PbO        =5         PbCl,        +         CH3.CHO  . 
Ethidene  chloride. 

5.  By  the  slow  oxidation  of  albuminous  substances  by  means  of  man- 
ganese dioxide  and  sulphuric  acid. 

Some  of  the  aldehydes  occur  in  the  essential  oils  of  plants. 
The  aldehydes  ai-e  colorless,  neutral,  volatile  liquids,  having  more  or 
less  pungent  odors.     Only  the  lower  aldehydes  are  soluble  in  water. 

Reactions. — 1.  Aldehydes  are  easily  converted  by  oxidation  into  the  cor- 
responding acids,  either  on  exp<»sure  to  the  air  or  by  contact  with  moist 
silver  oxide,  in  the  latter  case  with  reduction  of  metallic  silver  : — 

CII3COH    +     3AgOII     =    CH3.rO.OAg     +     2H3O     +     Ag^. 

Acetic  Silver  acetate, 

aldehyde. 

This  oxidation  takes  place  with  peculiar  facility  with  ammoniacal  silver 
solution,  the  silver  being  frequently  dei)osite<l  in  a  bright  spetular  film. 

2.  Aldehydes  fused  with  jMtash  are  converted  into  the  corrt»spondiug 
acids,  with  evolution  of  hydrogen  ;  e.g,, 

C,H,oO        +         KOH        =         (•sH.KO,        +         H,. 
Valeric  Valeric  acid. 

aldehyde 
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3.  Nascent  hydrogen^  evolved  hj  the  action  of  water  on  sodinm  amalgam, 
converts  them  into  the  corresponding  alcohols;  e.g.,Cfifl-\-Uy=s 
C^Ufi.  If,  however,  the  aldehyde  belongs  to  a  non-saturated  series,  the 
action  goes  further,  an  additional  quantity  of  hydrogen  being  then  taken 
up,  whereby  the  alcohol  first  formed  is  converted  into  a  saturated  aloohol 
belonging  to  another  series  ;  thus  : — 

CjH.O    +     H,    =    C,H,0;     and    C,e,0    +    H,    =    CjHgO . 
Acrylic  AUyl  Allyl  Propyl 

aldehyde.  alcohol.  alcohol.  alcohol. 

Nascent  hydrogen  evolved  by  the  action  of  zinc  on  sulphuric  acid  does 
not  appear  to  unite  with  aldehydes. 

4.  Phosphorus  pentachloride  converts  aldehydes  into  chloraldehydes, 
compounds  derived  from  aldehydes  by  substitution  of  CI,  for  0  ;  thus  : — 

CH,  CH- 

I  +  PCI5        =        PC1,0        +  I 

CHO  CHCl, 

Aldehyde.  Chloraldehyde. 

The  compounds  thus  produced  are  isomeric  with  the  chlorides  of  the 
defines  ;  e,  g.,  acetic  chloraldehyde,  CHj.CUCl^,  or  ethidene  chloride,  with, 
ethene  chloride,  CjU^.Cl,  (p.  517). 

5.  Chlorine  and  bromine  convert  aldehydes  into  chlorides  and  bromides 

of  acid  radicles : 

CjH^O    +    CI,    =    Ha    +     C,H,0.C1 
Aldehyde.  Acetyl  chloride. 

CjH^O    +    2C1,    =    2HC1    +    C,H,C10.C1 
Aldehyde.  Ghloracetyl 

chloride. 

6.  The  alkali-metals  dissolve  in  aldehydes,  eliminating  an  equivalent 
quantity  of  hydrogen : 

2Cj,H,0    +     K,    =    H,    +     2C,H,K0. 

7.  Aldehydes  heated  with  hydrocyanic  and  hydrochloric  acid  are  converted, 
first  intb  cyanhydrins,  which  then,  by  the  action  of  the  hydrochloric 
acid,  or  by  that  of  alkalies,  are  converted  into  oxyacids;  thus : 

CH3.CHO    +     CNH    =    CH,.CH<^^  . 
Aldehyde.  EthideDe-cynnhydrin. 

CH,.CH<^^    +2H,0    ».    NH,    +    CH,.CH<^^Qg 

Lactic  acid. 

8.  Aldehyde  likewise  unites  with  other  carbon-compounds,  as  with  the 
anhydrides  and  chlorides  of  the  fatty  acids,  forming  compound  ethers  : 

CH,.CHO    +     C,H,0C1    =    CH3.CH<^|^gQ 

Acetyl  chloride.  Ethidene 

ehloro-acetate. 

CH..CHO    +    C,H,a^o    =    CH..CH<g;§^»0 

Acetic  Ethidene  diacetate. 

anhydride. 

9.  Aldehydes  combine  with  ammonia,  forming  compounds  called  alde- 
hyde-ammonias, the  mode  of  formation  of  which  is  shown  in  the  fol- 
lowing equation : — 

CH,.CHO    +     NH,    =     CH,.CH<2^   . 
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These  compounds  are  easily  soluble  in  water,  but  insoluble  in  ether,  and 
are  therefore  precipitated  by  ammonia  from  the  ethereal  solutions  of  the 
aldehydes.  They  are  rather  unstable,  and  are  easily  resolved  by  acids 
into  ammonia  and  the  aldehydes. 

10.  Aldehydes  also  unite  with  aniline,  water  being  eliminated,  and  form 
bases  derived  from  a  double  molecule  of  aniline,  (CgU^N),,  by  substitu- 
tion of  two  equivalents  of  a  diatomic  radicle  for  four  atoms  of  hydrogen  ; 

2C,H,0    +     2G.H,N    =    2H,0    +     C,-H,o(C.H,),N, 
Acetic  Aniline.  Dlethidene- 

aldehyde.  dlaniline. 

11.  All  aldehydes  unite  directly  with  the  add  sulphites  of  the  alkaU- 
metahf  forming  crystalline  compounds,  which  may  be  regarded  as  salts  of 
ethidene-oxysulphonic  acid  (p.  606),  as  shown  by  the  following  equation : 

CH,.CnO    +    SOjHNa    =    ^H3-C^<S0  Na' 

From  these  salts,  the  aldehydes  m&y  be  separated  by  distillation  with 
dilute  sulphuric  acid  or  solution  of  sodium  carbonate.  The  reaction  af- 
fords a  ready  means  of  purifying  the  aldehydes,  and  of  detecting  their 
presence  in  mixtures. 

12.  Under  the  influence  of  certain  reagents  (small  quantities  of  acids, 
alkalies,  and  salts)  two  or  more  molecules  of  an  aldehyde  may  unite  to- 
gether, forming  a  polymeride  ;  e.  ^., 

OCH.CHj  ^0— CL       H.CH, 

CH3.CHO    +                  •  =    CH5.CH<^           >0 

OCH.CH3  ^^^—C-^  H.CHj 

Aldehyde  (3  mol.).  Paraldehyde. 
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Formlo  Aldehyde,  CH^O or  H . CHO,  also  called  Methylic aldehyde. 
— ^This  compound,  discovered  by  Hofmann,  is  produced  when  a  current  of 
air  charged  with  vapor  of  methyl  alcohol  is  directed  upon  an  incandescent 
spiral  of  platinum  wire ;  and  by  suitable  condensing  arrangements,  a 
liquid  may  be  obtained  consisting  of  a  solution  of  the  aldehyde  in  methyl 
alcohol.  This  liquid,  rendered  slightly  alkaline  by  ammonia,  and  gently 
warmed  with  silver  nitrate,  yields  a  beautiful  specular  deposit  of  silver, 
with  greater  ease  even  than  ordinary  acetic  aldehyde.  The  same  solution, 
heated  with  a  few  drops  of  caustic  }K>tash,  deposits  drops  of  a  brownish  oil, 
having  the  odor  of  the  resin  of  acetic  aldehyde. 

Formic  aldehyde  is  likewise  obtained  by  the  dry  distillation  of  calcium 
formate :  CaCClIOj),  =  CH^O  •\-  CaCOg.  It  has  not  yet  been  obtained  in 
the  pure  state  ;  but  on  heating  the  distillate  obtained  as  above,  part  of 
the  formic  aldehyde  escapes,  and  another  portion  remains  as  a  solid  poly- 
meric modification,  viz.. 

Paraformaldehyde  or  Trioxymethene,  CsHbOj,  or  (0112)303,  a  com- 
pound likewise  formed  by  the  action  of  oxide  or  oxalate  of  silver  on  me- 
thene  iodide,  CHjIj,  or  best  by  distilling  glycoUic  acid  with  a  small  quan- 
tity of  sulphuric  acid.  It  is  a  crystalline  mass,  insoluble  in  water,  alcohol, 
and  ether,  melting  at  1520  C.  (305.6©  F.),  subliming  below  lOOO.  Its 
vapor-density,  1.06,  corresponds  with  the  formula  CH2O,  showing  that  the 
molecule  C3H3C3  is  split  up  when  heated  into  three  molecules  of  formal- 
dehyde. On  cooling,  however,  the  triple  molecule  is  reproduced.  Cj,H„Og 
is  also  converted  into  CH,0  when  heated  with  water  to  130O  C.  (2660  F.). 
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When  ammonia  is  passed  over  paraformaldehyde,  hexmethenamine, 
Cf  II12N4  =s  (CU«)«N4,  is  produced,  a  base  which  crystallizes  from  alcohol  in 
shining  rhombohedrons,  and  sublimes  without  alteration  when  cautiously 
heated.  It  is  a  monoacid  base,  forming  crystalline  salts,  the  hydrochloride, 
CgllijN^,  HCl,  for  example.  By  boiling  with  dilute  acids  it  is  reconverted 
into  formaldehyde. 

ParathioformaldehydeoT  Trithiometheney  (CH2)3S3,  is  produced 
by  passing  hydrogen  sulphide  into  the  aqueous  solution  of  formaldehyde, 
also  by  the  action  of  zinc  and  hydrochloric  acid  on  carbon  bisulphide,  and 
by  heating  methene  iodide  with  potassium  sulphide  in  alcoholic  solution. 
It  is  a  solid  body  having  an  alliaceous  odor,  is  insoluble  in  water,  but  dis- 
solves in  alcohol,  and  crystallizes  therefrom  in  slender  needles,  melting  at 
21 8^,  and  easily  subliming.  The  vapor-density  agrees  with  the  formula 
0,11^83,  whence  it  is  inferred  that  solid  paraformaldehyde  is  correctly  rep- 
resented by  tlie  formula  CjHgOj.  The  thioaldehyde,  CjU^Sj,  heated  to  170^ 
C.  (3380  F.)  with  silver  sulphate,  is  converted  into  Cjli^O,. 

Acetic  Aldehyde,  or  Acetaldehyde,  CgH^OssCHs.CHOss 

C2H3O.H,  also  called  A'My  Aldehyde j  but  more  generally  by  the  simple  name 
aldehyde.* — ^This  substance  is  forminl  by  oxidation  of  ethyl-alcohol; 
also  among  other  products,  when  the  vapor  of  ether  or  alcohol  is  trans- 
mitted through  a  red-hot  tube ;  by  the  action  of  chlorine  on  weak  alcohol ; 
and  by  the  other  general  reactions  above  mentioned.  It  is  best  prepared 
by  the  following  process :  G  parts  of  oil  of  vitriol  are  mixed  with  4  parts 
of  rectified  spirit  of  wine,  and  4  parts  of  water  ;  this  mixture  is  poured 
upon  6  parts  of  x)owdered  manganese  dioxide  contained  in  a  capacious  re- 
tort, in  connection  with  a  condenser  cooled  by  ice-cold  water ;  gentle  heat 
is  applied,  and  the  process  is  interrupted  when  6  parts  of  liquid  have 
passed  over.  The  distilled  product  is  put  into  a  small  retort,  with  its  own 
weight  of  calcium  chloride,  and  redistilled  ;  and  this  operation  is  repeated. 
The  aldehyde,  still  retaining  alcohol  and  other  impurities,  is  mixed  with. 
twice  its  volume  of  ether,  and  saturated  with  dry  ammoniacal  gas ;  a  crys- 
talline compound  of  aldehyde  and  ammonia  then  separates,  which  may  be 
washed  with  a  little  ether,  and  dried  in  the  air.  From  this  substance  the 
aldehyde  may  be  separated  by  distillation  in  a  water-bath  with  sulphurio 
acid  diluted  with  an  equal  quantity  of  water;  by  careful  rectification  from 
calcium  chloride,  at  a  temperature  not  exceeding  30.5O  C.  (86.90  F.),  it  is 
obtained  pure  and  anhydrous. 

Considerable  quantities  of  aldehyde  occur  in  the  "first  runnings"  ob- 
tained in  the  manufacture  of  alcohol  from  sngar-beet  and  from  potatoes, 
being  probably  formed  by  oxidation  of  the  spirit  during  the  filtration 
through  charcoal,  to  which  it  is  subjected  for  the  removal  of  fusel-oil  and 
other  impurities. 

Aldehyde  is  a  limpid,  colorless  liquid,  of  characteristic  ethereal  odor,  which, 
when  strong,  is  exceedinglv  suflV>cating.  It  has  a  density  of  0.807  at  OO, 
boils  at  210-220  C.  (69.8C-7l.60  p.),  and  mixes  in  all  proportions  with 
water,  alcohol,  and  ether:  it  is  neutral  to  test-paper,  but  becomes  acid  on 
exposure  to  air,  from  production  of  acetic  acid :  under  the  influence  of 
platinum-black  this  change  is  very  speedy.  When  a  solution  of  aldehyde 
is  heated  with  caustic  potash,  a  brown  resin-like  substance  is  produced, 
the  so-called  aldehyde-resin.  It  reduces  silver  oxide  at  a  gentle  heat, 
without  evolution  of  gas,  the  metal  being  deposited  on  the  inner  surface 
of  the  vessel  as  a  brilliant  and  uniform  film ;  the  liquid  oontaina  silver 
acetate. 

*  Alcohol  (IchydrogenAtum. 
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The  prilicipal  reactions  of  aldehyde  have  been  already  mentioned  (p. 
665).  It  is  converted  by  nascent  hydrogen  into  ethyl  alcohol,  by  oxidation 
into  acetic  acid ;  by  phosphorus  peutachloride  into  chloraldehyde  or  ethi- 
dene  dichloride,  CH, — CHCl,.  It  unites  with  the  acid  sulphites  of  the 
alkali-metals,   forming  compounds  like  the  ammonium  salt, 

CH5.CH<^  gQ  ^p^Tjj  \  I  which  are  resolved  at  lOOO  into  aldehyde,  sul- 
phurous oxide,  and  neutral  sulphites  ;  thus  : 

2[CH5.CH<^^g]    =    2(CH,.CU0)     +     SO,K,    +     SO,    H,0. 

Aldehyde  unites  also  with  acetic  oxide^  forming  the  compound  CjH^O. 
(C,HjO),0  or  CH3.CH<^^2||»^,  and  with  c/Ay/oxk/c,  forming  ethidene 

diethylate  or  acetal,  CHj.CH<^^=»|j«  ;  in  like  manner  with  »iie%/ 

oxide,  forming  ethideue  dimethylate,  CHj.CHCOCH,),  (p.  606). 

OH 
With  dry  hydrogen  cyanide^  aldehyde  forms  the  compound  CH,.CH<[^^., 

a  liquid  soluble  in  water  and  in  alcohol,  boiling  at  1830  C.  (361.4°  F.),  with 
partial  decomposition  into  aldehyde  and  hydrogen  cyanide,  and  converted, 
by  heating  with  strong  hydrochloric  acid  or  with  alkalies,  into  «- lactic 


acid,    CHj.CIl^^^  „. 


'OH 


Aldehyde-ammonia,  CjH^O.NHj s=s CH,.CH<^V.^     ,     obtained    by 

passing  dry  ammonia  gas  into  an  ethereal  solution  of  aldehyde,  crystal- 
lizes in  large  shining  rhombohedrons  ;  it  has  a  mixed  odor  of  ammonia  and 
turpentine,  dissolves  very  easily  in  water,  with  less  facility  in  alcohol,  and 
with  difficulty  in  ether  ;  melts  at  about  76°  C.  (168. SO  F.),  and  distils  un- 
changed at  KKP.  Acids  decompose  it,  with  production  of  ammoniacal  salts 
and  separation  of  aldehyde.  Hydrogen  sulphide  converts  it  into  thial  - 
dine,  €« HijNSj.  Sulphurous  oxide  gas  is  rapidly  absorbed  by  a  solution 
of  aldehyde-ammonia,  forming  the  crystalline  compound  GjH40NlIj.S0j, 
isomeric  with  taurine  (p.  605),  and  with  the  compound  formed  by  direct 
combination  of  aldehyde  with  acid  ammonium  sulphite. 

PoLTHERic  Modifications  of  Aldehyde. — ^Pure  anhydrous  aldehyde, 
treated  at  ordinarv  temperatures  with  a  small  quantity  of  gaseous  hydro- 
chloric acid,  sulphurous  oxide,  or  carbonyl  chloride  (phosgene),  or  of  zinc 
chloride  or  strong  sulphuric  acid,  is  converted  into  a  polymeride,  called 
paraldehyde,  which  crystallizes  on  cooling  the  liquid  to  OO  in  large 
transparent  prisms,  melting  at  10.5O  C.  (50.90  F.)  to  a  liquid  which  boils 
at  1240  C.  (356.20  p.),  has  a  specific  gravity  of  0.998  at  150  C.  (59©  F.), 
and  a  vapor-densitv  three  times  as  great  as  that  of  aldehyde  itself:  hence 
its  molecular  formula  is  C^H.^O,.  When  distilled  in  contact  with  either 
of  the  reagents  above  mentioned,  it  is  reconverted  into  ordinary  aldehyde, 
but  it  does  not  undergo  this  change  when  heated  alone. 

When  either  of  the  same  reagents  acts  on  aldehyde  cooled  by  a  freezing 
mixture,  another  polymeric  modification  is  formed,  called  met  alde- 
hyde, which  also  crystallizes  in  transparent  prisms  or  in  white  needles, 
but  differs  from  paraldehyde  in  subliming  when  heated  without  previous 
fusion,  and  in  being  at  the  same  time  partly  reconverted  into  aldehyde. 
In  consequence  of  this  transformation,  its  vapor-density,  and  therefore  its 
molecular  formula,  have  not  been  determined. 

When  aldehydtt  is  left  for  some  time  in  contact  with  dilute  hydrochloric 
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acid,  two  molecules  of  it  unite  in  such  a  manner  as  to  form  the  aldehyde 
of  butene  glycol,  called  aldol : — 

CHj.CHO    +     CHj.CHO    =    CHi.CH(OH).CH,.CHO  . 

Under  the  influence  of  certain  other  reagents,  condensed  products  are 
formed  by  the  union  of  two  or  more  molecules  of  aldehyde,  and  elimina- 
tion of  the  elements  of  water ;  thus  when  aldehyde  is  heated  with  zinc 
chloride,  crotouic  aldehyde  is  produced  : — 

CH3— CUO  +  CHs— CHO  =  H,0  +  CH3— CH— CH— CHO . 


Halogen  Derivatives  of  Aldehyde, 

Monochloraldehyde,  CH^Cl.CHO,  formed  by  the  action  of  sulphuric 
acid  on  chloracetal,  CH.^C1 — CHCOCjHj)^,  is  known  only  in  aqueous  solu- 
tion. By  exposure  to  the  air,  and  by  the  action  of  silver  oxide,  it  is  con- 
verted into  chloracetic  acid. 

Dichloraldehyde,  CHClj.CHO,  produced  by  distillation  of  diohlor- 
acetal  with  strung  sulphuric  acid,  is  a  liquid  insoluble  in  water,  and  boil- 
ing at  88O-90O  C.  (I9O.40-I940  F.).  By  keeping,  it  is  gradually  converted 
into  two  solid  polymeric  modifications,  one  of  which  is  amorphous,  and  is 
reconverted  into  liquid  dichloraldehyde  at  12lP  C.  (2480  F.),  while  the 
other  crystallizes  from  alcohol  in  large  prisms,  melts  at  130OC.  (26bO  F.), 
and  does  not  pass  into  the  liquid  modif  cation  till  heated  to  24QO  C. 
(4640  F.). 

Trichloraldehyde,  or  Chloral,  CCI3.CHO,  is  formed  by  the  prolonged 
action  of  clilorine  on  ethyl  alcohol.  To  prepare  it,  chlorine  is  passed  into 
absolute  alcohol  as  long  as  hydrochloric  acid  continues  to  be  evolved,  and 
the  product  is  agitated-  with  three  times  its  volume  of  strong  sulphuric 
acid.  On  gently  warming  the  mixture  in  a  water-bath,  the  impure  chloral 
separates  as  an  oily  liquid,  which  floats  on  the  surface  of  the  acid  ;  it  is 
purified  by  distillation  from  fresh  oil  of  vitriol,  and  afterwards  from  a 
small  quantity  of  quicklime,  which  must  be  kept  completely  covered  by 
the  liquid  until  the  end  of  the  operation.  Chloral  has  also  been  obtained 
from  starch,  by  distillation  with  hydrochloric  acid  and  manganese  dioxide. 

Chloral  is  a  thin,  oily,  colorless  liquid,  of  peculiar,  pungent,  tear-exciting 
odor  :  it  has  but  little  taste.  When  dropped  upon  paper  it  leaves  a  greasy 
stain,  which  is  not,  however,  permanent.  It  has  a  density  of  1.502,  and  boils 
at  940  C.  (201.20  F.),  and  changes  on  prolonged  keeping  into  a  solid  poly- 
meride.  Chloral  is  freely  soluble  in  water,  alcohol,  and  ether  ;  the  aqui*oua 
solution  is  not  aflfected  by  silver  nitrate.  Caustic  baryta  and  lime  de- 
compose the  vapor  of  chloral  when  heated  in  it,  with  appearance  of  igni- 
tion ;  the  oxide  is  converted  into  chloride,  carbon  is  deposited,  and  carbon 
monoxide  is  set  free.  Solutions  of  caustic  alkalies  also  decompose  it,  with 
production  of  a  formate  and  chloroform  : — 

CCI3.CHO    +     KOH    =    CHCI3    4-     CHO.OK. 

By  oxidation  with  nitric  acid,  it  is  converted  into  trichloracetic  acid. 
With   a  small   quantity   of  water,  chloral  forms   a  hydrate, 

CjHCljO.H^O  ^  CCl3.Cn<^iT ,  which   forms  large  monoclinic    crystals, 

melting  at  46©  C.  (114.80  F.),  and  distilling  at  96Ci-980  C.  (204.80-208.40 
F.).     It  is  easily  soluble  in  water,  has  a  peculiar  odor,  and  sharp  scratch- 
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ing  taste,  and  produces  sleep  when  taken  internally  or  introduced  under 
the  skin.     Strong  sulphuric  acid  decomposes  it  into  water  and  alcohol. 
With  hydrogen  sulphide^  chloral  forms,  in  like  manner,  a  crystalline 

sulphydrate,  CCl5.CH<^^  ,  which  melts  at  77°  C.  (170.60  F.),  and 

boils  at  1230  C.  (251.60  F.). 

With  o/coAo/,  chloral  forms  an  alcoholate,  CCl3.CH<^^^»*^»,  which 

is  a  crystalline  body,  melting  at  560  C.  (132.80  p.),  and  boiling  at  114-^ 
1150  C.  (237.20-2390  F.),  and  decomposed  by  strong  sulphuric  acid,  with 
reproduction  of  chloral.     Treated  with  acetyl  chloride,  it  is  converted  into 

the  acetic  ether,  CClj.CH-c:^'^''"*^  ,  which  boils  at  1980  C.  (388.40  p.). 

Dibromaldehyde,  CHBrj.CHO,  formed  by  direct  bromination  of  alde- 
hyde, is  a  liquid  which  boils  at  140Q-142O  C.  (284^-287.60  F.),  is  con- 
verted on  standing  into  a  solid  polymeride,  forms  a  crystalline  hydrate, 

and  unites  with  hydrogen  cyanide,  forming  the  compound,  CHBr2.CH<^^.tj' 

convertible  into  dibromolactio  acid. 

Tribromaldehyde  or  Bromal,  CBrj.CHO,  formed  by  the  action  of 
bromine  on  alcohol,  is  a  liquid  very  much  like  chloral,  boiling  at  1720- 
1730  G.  (341.60-343.40  F.),  and  decomposed  by  alkalies  into  formic  acid 
and  bromoform.     It  forms  a  solid  hydrate,  melting  at  530  C.  (127.40  F.), 
an  alcoholate  which  melts  at  440  C.  (111. IP  F.),  and  decomposes  at  10C)O, 

and  with  hydrogen  cyanide  the  compound,  CBr3.CU<;^.jtj  ,  convertible 

\i\Uy  tribromolactic  acid. 

Sulphur-derivatives  of  Aldehyde, — ^Wlien  hydrogen  sulphide  is 
passed  through  aqueous  aldehyde,  a  compound  of  aldehyde  and  tliioalde- 
hyde  is  produced,  in  the  form  of  an  oil,  Iiaving  an  oU'ensive  odor,  solidify- 
ing at  — fcO  c.  (17. 60  F.),  and  converted  by  contact  with  liydrochloric  acid 
into  parathioaldehyde,  (CjH^S)^.  This  compound,  analogous  to 
paraldehyde,  forms  white  needles,  insoluble  in  water,  and  subliming  at 
450  C.  (II30  F.).     Its  vapor  density  agrees  with  the  formula,  CgHj^Sj. 

On  passing  hydrogen  sulphide  into  an  aqueous  solution  of  aldoiiyde- 
ammonia,  thialdine,  CgH^^NS^,  separates  in  large  c<jlorless  crystals, 
melting  at  430  C.  (109.40  F.),  slightly  soluble  in  water,  easily  in  alcohol 
and  ether,  and  having  an  offensive  odor.  It  is  a  strong  base  ;  its  hydro- 
chloride has  the  composition  CgllisNSg.HCl. 

»  On  mixing  an  alcoholic  solution  of  aldehyde-ammonia  with  carbon  hisxd- 
phide,  car  bo  thialdine,  CgHjoNjS,,  is  formed  in  large  shining  crystals, 
separable  by  boiling  with  acids  into  aldehyde,  carbon  bisulphide,  and 
ammonia. 

Propionic  Aldehyde,  C^TIflO  =  CHj.CHj.CHO,  prepared  by 
oxidation  of  normal  propyl  alcohol,  or  by  distilling  a  mixture  of  calcium 
propionate  and  formate,  is  very  much  like  acetaldehvde,  has  a  specific 
gravity  of  0.804  at  20O  C.  (680  F.),  boils  at  40O  C.  (120.2O  F.),  and  dis- 
solves in  5  volumes  of  water.  With  phosphorus  pentachloride  it  forms 
propidene  chloride,  CHj.CHj.CHCl,. 

The  higher  aldehydes  of  the  series  are  susceptible  of  isomeric  modifica- 
tions analogous  to  those  of  the  primary  alcohols.     Only  a  few  of  those  are, 


672 


FATTY   GROUP:   ALCOHOLS   AND    ETHERS. 


however,  known  :  thus,  of  the  four  possible  5-carbon  aldehydes,  analogous 
to  the  four  primary  peutyl  alcohols,  two  only  have  yet  been  obtained. 

The  following  table  exhibits  the  specific  gravities  and  boiling  points  of 
these  higher  aldehydes.  All  of  them  are  liquid  at  ordinary  temperatures, 
except  palmitic  aldehyde,  formed  by  oxidation  of  cetyl  alcohol,  which  is  a 
white  crystalline  mass  : — 


Aldehydes. 


Butyric  I  r--\^^OgfiO^^OHO 

Gaproio  (Iso),  (OH,)sCH.(OHs)20HO 
CEnanthyiic,  GHg.(CHs)6.0HO 
FAlmitio,  OioHaO. 


Boiling  Point. 


Specific  gravity. 


0.884  at  0<) 
0.6*22  «t  0° 


7^0  O.  (167°  F.) 
61°  O.  (U1.80  F.) 


102©  O.  (213.60  F.) 
02-9300. (197.6-109.4O  F.)  0.768  at  ISOQ.  (63.6® 

F.) 
121°  O.  (340.8O  F.) 

164°  O.  (309.2°  F.)       0^27 


melts  at  60°  O.  (122°  F.) 


Isobutyric  aldehyde  treated  with  a  small  quantity  of  strong  sulphuric  acid, 
is  converted  into  paraisobutyric  aldehyde,  (C^HgO),,  which  crys- 
tallizes in  shining  needles,  melting  at  60^  C.  (140.^  F.),  and  boiling  at 
1940  C.  (381.20  F.). 

Nonncd  butyric  aldehyde^  heated  with  alcoholic  ammonia  to  a  temperature 
not  exceeding  lOCP,  yields  two  bases,  dibutyraldine,  CgH^NO,  and 
tctrabutyraldlne,  CjgH^^NO,  the  former  of  which,  when  subjected  to 
dry  distillation,  gives  off  H^O,  and  is  converted  into  paraconine,  CgHj^N, 
an  oily  base,  very  much  like  the  oonine  of  hemlock. 

Trichlorobutyric  aldehyde  or  Butyric  chloral,  C4H5CI3O  (formerly  supposed 
to  be  crotonic  chloral,  C^HjClsO),  is  formed,  together  with  several  other 
products,  by  the  action  of  chlorine  on  acetaldehyde.  It  is  a  liquid  boiling 
at  I550-I650  C.  (311Q-3290  F.). 

Isovaleric  aldehyde  or  Valeraly  heated  with  alcoholic  ammonia,  yields  two 
bases,  valeridine,  Cj^HuN,  and  valeritrine,  C,rH27N,  the  latter  of 
which  is  a  liquid,  boiling  at  250Q-260O  C.  (482P-50(P  F.),  and  smelling 
like  Conine. 

(Enanthylic  Aldehyde  or  (Enanthjol,  is  formed  in  the  dry  distillation  of 
castor-oil.  It  oxidizes  in  the  air  to  cenanthylic  acid,  and  is  converted  by 
nascent  hydrogen  into  normal  heptyl  alcohol. 


ALDEHTDES  OF  THE  SERIES,  CqH2„.^0. 

Tliese  aldehydes  are  related  to  the  alcohols  of  the  allylio  series  in  the 
same  manner  as  the  aldehydes,  C^H^O,  are  related  to  the  fatty  alcohols. 
They  are  unsaturated  compounds,  and  capable  of  taking  up  2  atoms  of  a 
monotomic  element  or  radicle. 

Acrylio  Aldehyde   or  Aorolein,   CsH,0=CH^CH-<;HO, 

the  lowest  member  of  the  series,  is  produced  : 

1 .  By  the  oxidation  of  allyl  alcohol. 

2.  By  the  dehydration  of  glycerin,  when  that  substance  is  heated  with 
phosphoric  oxide,  strong  sulphuric  acid,  or  acid  potassium  sulphate: 
Cjll^Oj— 2H,0  =  CjH^O. 
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It  is  always  produced  in  the  destructive  distillation  of  neutral  fata  con- 
taining glycerin,  and  is  the  cause  of  the  intolerably  pungent  odor  attend- 
ing that  process. 

Pure  acrolein  is  a  thin,  colorless,  highly  volatile  liquid,  lighter  than 
water,  and  boiling  at  52.2P  C.  (1260  F.)«  Its  vapor  is  intensely  irritat- 
ing.    It  is  sparingly  soluble  in  water,  freely  in  alcohol  and  ether. 

Acrolein,  by  keeping,  undergoes  partial  decomposition,  yielding  a  white, 
flocculent,  indifferent  body,  disacryl;  the  same  substance  is  sometimes 
produced,  together  with  acrylic  acid,  by  exposure  to  the  air.  In  contact  with 
alkalies,  acrolein  suffers  violent  decomposition,  producing,  like  aldehyde,  a 
resinous  body.  When  exposed  for  some  time  to  the  air,  or  mixed  with 
silver  oxide,  it  is  rapidly  oxidized  into  acrylic  acid,  CsH^O,. 

Nascent  hydrogen  converts  it  into  allyl  alcohol.  With  phosphorous 
pentachloride  it  yields  the  compound  CH,zi:CH — CHCl,,  a  liquid  boiling  at 
84P  C.  (183.20  P.).  With  hydrochloric  acid  acrolein  forms  a  crystalline  com- 
pound, CjH^O.HCl,  which  melts  at  32©  C.  (89.6*o  F.),  and  is  resolved  by 
distillation  into  hydrochloric  acid  and  acrolein. 

Acrolein  mixed  with  alcoholic  ammonia  is  immediately  converted  into 
ac  rolein-ammonia,  C^H^NO : 

2C,H^0    4-    NH,    s=    C.HjNO    +    H,0. 

This  compound  is  a  yellowish  mass,  which  tucna  brown  on  drying.     It 
forms  amorphous  salts,  and  yields  piooline,  C^H,N,  by  distillation. 

Crotonio  Aldehyde,  C^H^O  =  CHj^—CH—CH— GHO,  is  pro- 
duced by  heating  acetaldehyde  to  lOOO  with  dilute  hydrochloric  acid,  or 
with  zinc  chloride,  and  a  litUo  water : 

CH,.CHO    +     CHj.CHO    =    H^O    +     CH,.CH=:CH.CHO, 

aldol  being  probably  formed  as  an  intermediate  product. 

Crotonio  aldehyde  is  a  colorless  liquid,  having  an  extremely  pungent 
odor,  and  boiling  at  104^1050  C.  (219.2^1-2210  F.).  In  contact  with  the 
air,  or  with  moist  silver  oxide,  it  is  easily  oxidized  to  crotonio  acid.  It 
unites  with  hydrogen  chloride,  forming  monochlorobutyric  aldehyde : 

CH,.CH=CH.CHO    -t-     HCl    -=     CHj.CH^.CHCl.CHO. 


Aldehydes  derived  from  Diatomic  Alcohols. 

Diatomic  alcohols  can  yield  by  oxidation  two  classes  of  aldehydes,  ac- 
cording as  one  or  two  molecules  of  hydrogen  (H,)  are  removed.  Propene 
glycol,  C3H3O3,  for  example,  might  yield  the  two  aldehydes,  C,IIqO,  and 
C3H4O,.    Only  a  few  of  these  compounds  have,  however,  been  obtained. 

Of  aldehydes  derived  from  the  glycols,  C^Hj^  ^.J02,  only  three  are  at  pre- 
sent known,  viz.,  glyoxal,  CgH^Oj,  which  is  the  second  aldehyde  of  ordi- 
nary glycol,  CgH^O,  ;  aldol,  C^H. fij,  which  is  the  first,  and  succinic  alde- 
hyde, C4H5O,,  which  is  the  second  aldehyde  of  butene  glycol. 

GHyoxal,C^H,Og,  and  the  aldehydic  acid,  glyoxalic  acid,  C^Rfi^ 
are  intermediate  in  composition  between  glycol  and  oxalic  acid  : 

CHjOH  COH 

•       I  I 

CH^OH  COH 

Qlyool.  QlyoxaL 
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COH 

CO.OH 

CO.OH 

CO.OH 

Olyoxyllc 

OXAliO 

acid. 

aoid. 

6*74       7ATTT  GROUP:  ALCOHOLS  AND  ETHEBS. 

Both  are  formed  as  intermediate  products  in  the  oxidation  of  glycol,  and 
are  converted  by  further  oxidation  into  oxalic  acid.  They  are,  however, 
most  easily  obtained  by  oxidizing  ethyl  alcohol  with  nitric  acid. 

Alcohol  (2  parts)  is  introduced  into  a  tall  glass  cylinder  ;  1  part  of  water 
is  poured  into  the  vessel  through  a  funnel,  the  tube  of  which  reaches  to 
the  bottom,  and  afterwards  1  part  of  fuming  nitric  acid  is  introduced  in 
the  same  way,  so  as  to  form  three  distinct  layers  of  liquid.  The  mixture 
is  left  to  itself  at  a  temperature  of  20O-22O  C.  (680-71.GOF.)  till  the  three 
liquids  have  become  mixed ;  after  which  the  mixture  is  evaporated  in  the 
water-bath,  diluted  with  water,  saturated  with  chalk  at  the  boiling  heat, 
then  filtered,  and  the  filtrate  is  mixed  with  alcohol,  whereupon  glycollate 
and  glyoxylate  of  calcium  are  precipitated,  and  glyoxal  remains  in  solution. 
On  recrystallizing  the  calcium  salts,  the  glyoxylate  crystallizes  out  first, 
and  afterwards  the  glycollate.  The  glyoxal  is  separated  from  the  solution, 
by  agitation  with  acid  sodium  sulphite,  with  which  it  forms  a  crystalline 
compound ;  this  sodium  compound  treated  with  barium  chloride  yields  the 
corresponding  barium  compound;  and  from  this  the  glyoxal  may  be  sepa- 
rated by  dilute  sulphuric  acid. 

COH  CH,.^^^ 

Glyozal,  CgH,Oj=  I       »   isomeric  with  glycoUide,  I      ^>^0,  remains, 

COH  CO  '^ 

on  evaporating  the  solution  obtained  in  the  manner  just  described,  as  a 
transparent,  amorphous,  deliquescent  mass,  very  soluble  in  water,  alcohol, 
and  ether.  It  reduces  an  ammoniacal  solution  of  silver  nitrate,  forming  a 
silver  speculum.  Nitric  acid  oxidizes  it  to  glyoollic  and  oxalic  acids.  Bo> 
ing  a  double  aldehyde  (containing  the  group  COH  twice)  it  unites  with, 
two  molecules  of  acid  potassium  sulphite,  forming  the  compound  CjH^O, 
(SOgKH),.  When  its  solution  in  acetic  acid  is  left  in  contact  with  a  small 
quantity  of  hydrochloric  acid,  a  condensation-product  is  formed,  perhaps 
Cj^HjgOi,. 

Fixed  caustic  alkalies  and  alkaline  earths  convert  glyoxal  into  salts  of 
glycoUio  acid,  c.  ^.,  CJH2O24-  KOH  ^CgHjKOj.  A  syrupy  solution  of  gly- 
oxal heated  with  a  strong  solution  of  aqueous  ammonia  yields  two  crystal- 
line bases,  glyoxaline  and  glycosine : 

2CaH,0,    +    2NH,    =    CjH^N,    +    CH,0,    +     2H„0 
Qlyoxal.  GlyoxaUxie.         Formio 

iicld. 

3C.^H^0,    +    4NH,    =    C,HaN^    +     6H,0. 

Qlyoxal.  Qlycosine. 

GlyozyUo  or  GlyozaUo  Add,  CjH5,0j=CH0— CO^H,  is  formed  by 
oxidation  of  alcohol  as  above  described ;  also  by  reducing  oxalic  acid  with 
zinc  and  hydrochloric  acid  : 

CO.OH  COH 

I  +  H,         =  I  +        HA 

CO.OH  CO.OH 

and  by  heating  dichloracetic  acid  with  silver  oxide,  or  ethylic  dichloraoe- 
tate  with  water  to  120©  C.  (248©  F.)  : 


CHCl,  CHO 

+        Ag,0     »  I  +        2AgCl. 

.OH  COOH 


C0.< 


When  concentrated,  it  forms  a  thick  syrup  easily  soluble  in  wator,  and 
distils  undecomposed  with  aqueous  vapor. 

The  glyoxylates  contain  1  molecule  of  water  very  closely  combined,  ex- 
cepting the  ammonivm  salt,  which  is  anhydrous. 
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This  salt,  CaHOj-NH^,  crystallizes  in  needles,  and  dissolves  easily  in 
water.  The  silver  saU^  C,HO.Ag  +  HgO,  is  a  white  crystalline  precipitate ; 
the  calcium  saltj  (GjHO,),Ca  +  2H,0,  forms  hard  prisms,  sparingly  soluble 
in  cold  water. 

Glyoxylic  acid  is  readily  oxidized  to  oxalic  acid.  By  boiling  its  calcium 
salt  with  water,  it  is  resolved  into  glycoUio  and  oxalio  acids : 

2C,H,0,    +    H,0    =    C,HA    +    C.,H,0,. 

By  nascent  hydrogen  (zinc  and  hydrochloric  acid),  it  is  oonverted  into 
glycollic  acid. 

Glyoxylic  acid  is  both  acid  and  aldehyde.  Its  aldehydic  nature  is  shown 
by  its  power  of  reducing  an  ammoniacal  silver  solution,  and  of  forming 
double  salts  with  alkaline  bisulphites. 

▲Idol,  C^HgOj,  the  aldehyde  of  butene  glycol,  is  polymeric  with  acet- 
aldehyde,  and  is  formed  by  combination  of  two  molecules  of  that  body, 
under  the  influence  of  dilute  hydrochloric  acid  ;  thus  : 

CHj.CHO    4-     CH3.CHO    =    CH,.CH(OH).Cn,.CHO. 

A  cold  mixture  of  acetaldehyde  and  dilute  hydrochloric  acid  is  left  for  two 
days  till  it  acquires  a  yoUow  color.  The  liquid  is  then  neutralized  with 
sodium  carbonate,  and  shaken  up  with  ether ;  the  ether  is  evaporated ; 
and  the  aldol  which  remains  is  evaporated  in  a  vacuum. 

Aldol  is  a  colorless  inodorous  liquid,  of  specific  gravity  1.120  at  (P,  not 
miscible  with  water.  On  standing  it  changes  to  a  viscid  liquid,  which 
cannot  be  poured  out  of  the  containing  vessel.  In  a  vacuum  it  distils  be- 
tween 950  C.  (203^  F.)  and  105©  C.  (2210  p.),  but  when  heated  under 
ordinary  pressure  it  gives  off  water,  and  is  converted  into  orotonio 
aldehyde: 

CH,  CH, 

CH(OH)  CH 

=        H,0        +      II 
!H,  CH 

I    .  J 

CHO  CHO. 

It  reduces  silver  from  the  ammonio-nitrate,  and  when  heated  with  water 
and  silver  oxide,  is  converted  into  ^-oxy  butyric  acid: 

CH,.CH(OH).CH,.CO(OH). 

CH,.COH 
Suooinio  Aldehyde,  C^H^O,  ss  I  ,  is  a  liquid  soluble  in  water, 

CHj.COH 
and  boiling  at  201O-203O  C.  (393.8Q-397.4P  F.).    By  oxidation  it  is  con- 
verted into  normal  oxyisobutric  acid  and  succinic  acid. 


i. 
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These  bodies  contain  the  group  CO  associated  with  two  monatomio  alco- 
hol-radicles, which  may  either  be  the  same  or  different,  e.  g., 

Dimethyl  ketone  or  acetone.       Methyl-ethyl  ketone. 
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They  may  be  regarded  as  derived  from  aldehydes  by  substitution  of  an 
alcohol-radicle  for  the  hydrogen  atom  attached  to  the  group  CO ;  thus : 

Acetic  aldehyde,  CHj.CO.H 

Acetic  ketone  or  acetone,         CHg.CO.CH,, 

or  as  compounds  of  an  alcohol-radicle  with  an  acid-radicle— acetone,  for 

example,  as  methyl-acetyl.  .    -,.  j         *t , 

The  only  bodies  of  this  class  that  have  been  carefully  studied  are  those 
which  contain  the  alcohol-radicles  C„H,„+„  and  are  analogous  to  the  alde- 
hydes CjLfi,  and  the  fatty  acids  C„HtoO,.  .     ,     ,      -  ^,  , 

The  ket^es  of  this  group,  coutaining  two  equivalents  of  the  same  alco- 
hol-radicle, are  produced : —  xx.j         ^  ;*„  i.««,^ 

1.  By  the  action  of  carbon  monoxide  on  sodium  ethide  and  its  homo- 

logues  :— 

CO        +        2NaC„Hto+i        =        Na,        +        CO(C„n^+i), . 

For  example  :— 

CO        +        2NaC,H5        =        Na,        +        COCC.H^), . 
Onrbon  Sodium-ethyl.  Proplone. 

monoxide. 

2.  By  the  action  of  zinc-methyl  and  its  homologues  on  the  acid  chlo- 
rides, C„H^_iOCl ;  e.  g,  .— 

Zn(CHO,        +        2COCH3CI        =        ZnClg        +        2C0(CHj),. 
Zinc  methlde.  Acetic  chloride.  Acetone. 

3.  By  the  oxidation  of  the  secondary  alcohols ;  thus  :— 

CH(CH3),.0H        +        0        =        H,0        -f        CO(CH,),. 
iBopropyf  alcohol.  Acetone. 

4.  By  the  dry  distillation  of  the  calcium-salts  of  the  fatty  acids  ;  e.g.  .-— 

^*{o(coc5)   ""   ^^^*^'  ■*■   ^^<^^«^«- 

Oaloium  acetate.  Oalclum  Acetone. 

carbonate. 

The  ketones  formed  in  this  manner  from  the  successive  members  of  the 
fatty  acid  series  differ  from  one  another  by  twice  CH, ;  thus  : — 

Acetic  acid        .  .  C,H40„  yields  Acetone     .  .  CjIIflO  . 

Propionic  acid  .  .  CgH^O,,       **       Proplone  .  .  C^Hj^O . 

Butyric  acid      .  .  C^H^O,,       **      Butyrone  .  .  0^11140  . 

Valeric  acid      .  .  C^Hj^O,,      "      Valerone  .  .  C,H,g0  . 

The  intervals  are  filled  up  by  ketones  containing  different  alcohol- 
radicles  ;  thus  ethyl -methyl  ketone,  C^H^O,  or  COCCHjXCjHj),  is  inter- 
mediate between  acetone  and  proplone. 

The  ketones  containing  two  different  alcohol-radicles  may  be  obtained 
by  the  second  of  the  processes  above  given  ;  «.  g, : — 

2COCH3CI     -I-     Zn(C,H,),    =    ZnCL    +    2CO(CH0(C,H5). 
Acetic  Zinc  ethvL  Ethvl-methyl 

chloride.  ketone. 

Or  by  distilling  a  mixture  of  calcium-salts  of  two  different  fatty  adds  ; 
thus  :^ 

Ca(CO,C,IL,),    4.     Ca(CO.CHs),    =    2CaC08    +    2C0CCH.') (C,H«V 
Valerate.  Acetate.  Methyl-butyl  ketone. 
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The  formation  of  aldehydes  hy  distilling  a  mixtnre  of  a  formate  witli 
the  salt  of  another  fatty  acid  (p.  665),  is  a  particular  case  of  this  last 
reaction. 

Ketones  are  also  formed  :  5.  By  the  gradual  oxidation  of  the  acids  of 
the  lactic  series,  C^H2q05,  with  chromic  acid  mixture  :— 

(CH8),.C(0H).C0,H    +     0    =    CO,    +     H,0    +     (CE^\CO . 
OxyiBobutjrio  acid.  Dimethyl  ketone. 

6.  By  the  action  of  alkalies  on  the  carbo-ketonio  acids  (q.  v.). 

7.  By  the  dry  distillation  of  wood,  sugar,  and  many  other  carbon 
compounds. 

Every  ketone  is  isomeric  with  an  aldehyde  belonging  to  the  same  series ; 
thus  acetone  is  isomeric  with  propionic  aldehyde,  C,Hg.COU ;  butyrone, 
C0(C0,Hf)2,  with  OBnanthylio  aldehyde,  CcU]j.COU,  etc.  Formic  acetone, 
COH,,  is  identical  with  formic  aldehyde. 

Ketones  are,  for  the  most  part,  volatile  liquids,  insoluble  in  water,  and 
not  capable  of  reducing  an  ammoniacal  silver  solution.  Those  in  which 
the  group  CO  is  associated  with  a  methyl  group,  resemble  the  aldehydes 
in  forming  crystalline  compounds  with  alkaline  bisulphites,  from  which 
the  ketone  may  be  liberated  by  distillation  with  an  alkali.  Ketones  differ 
from  aldehydes :  1.  In  not  being  converted  by  oxidation  into  the  corre- 
sponding acids. — 2.  In  being  converted  by  nascent  hydrogen  into  second- 
ary alcohols,  whereas  the  aldehydes  are  converted  into  primary  alcohols. 
^3.  In  not  combining  with  aniline. 

The  formation  of  secondary  alcohols  by  hydrogenation  of  ketones  is 
attended,  to  a  small  amount,  with  a  condensation  of  two  ketone  molecules, 
resulting  in  the  formation  of  a  diatomic  alcohol  (a  pinacone);  e.  g.  :— 

(CHs),.C.OH 
2(CH3),CO     +    H,      =  I 

(CH3)j.C.0H 
Acetone.  Pinacone. 

Ketones,  like  aldehydes,  unite  with  hydrogen  cyanide,  forming  cyan- 

hydrins,  acetone,  for  example,  yielding  (CH3)2C<^j^  ,  which,  by  the 

action  of  acids  or  alkalies,  may  be  converted  into  the  corresponding  oxy- 
acids,  C^HjoO,. 

Ketones  are  not  convertible  by  oxidation  into  acids  containing  the  same 
number  of  carbon-atoms  as  themselves.  When  boiled  with  chromic  acid 
mixture,  they  decompose  in  such  a  manner  that  the  group  CO  separates 
in  combination  with  the  lower  alcohol-radicle,  and  forms  an  acid ;  while, 
if  the  other  radicle  is  a  primary  radicle,  it  is  likewise  oxidized  to  an  acid, 
normal  or  iso,  according  to  the  constitution  of  the  radicle  ;  thus  : — 

CH,(CH^P^^^    +     0,    =    CH3.CO.OH    +    CH3.(CH,),.C00H . 

Methyl-butyl  Acetic  acid.  Butyric  acid, 

ketone. 

(CH,),CH.ChJ>^^    +    0,    =    CH,.CO.OH    +     (CH,),CH.COOH . 

Methyl-laobutyl  Acetic  acid.  Isobutyric  acid, 

ketone. 

If,  on  the  other  hand,  the  higher  radicle  is  secondary,  it  will  be  oxidized 
to  a  ketone,  which  will  be  further  split  up  by  oxidation  : 

(CH,)lcH>^^    +     0,    =    CH3.CO.OH    +     (Cn3),C0; 

Methvl-lBo-  Acetic  add.  Acetone, 

propyl  ketone. 
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and  if  the  higher  radicle  is  tertiarj,  such  as  CCCH,)^,  it  will  be  imme- 
diatelj  split  up.* 

Dimethyl  Ketone. — ^Acetone,  COCCH,),. — ^This  oomi>onnd  is  formed : 
1.  By  the  dry  distillation  of  acetates. — ^2.  67  oxidation  of  pseudopropyl  al- 
cohol.—3.  By  the  action  of  water  at  18(P-200O  C.  (356Q-392P  F.)  on  ace- 
tone chloride  or  bromide  (p.  519) : 

CHj.CClj.CHj    +    Ufi    »    2Ha    -I-     CH5.CO.CH,; 

or  on  propene  chloride  (or  bromide),  CHj.CHCl.CHsCl  (in  which  case  a 
molecular  transposition  of  H  and  CI  must  be  supposed  to  take  place  in 
the  first  instance),  or  on  monochloro-  or  monobromopropene : 

CH,— CCinCHj    -H     HjO    ==    HCl    +    CH,.CO.CH,. 

4.  Together  with  other  products,  by  passing  the  vapor  of  strong  acetic 
acid  through  an  iron  tube  heated  to  dull  redness,  and  by  the  dry  distilla- 
tion of  citric  acid,  tartaric  acid,  sugar,  starch,  gum,  and  wood :  henoe  it 
'bccurs  in  crude  wood-spirit. 

Acetone  is  best  prepared  by  the  dry  distillation  of  acetates,  the  calcium, 
or  the  lead  salt  being  the  most  convenient  for  the  purpose.  The  crude 
distillate  is  saturated  with  potassium  carbonate,  and  afterwards  rectified 
in  a  water-bath  from  calcium  chloride. 

Pure  acetone  is  a  colorless  limpid  liquid,  of  peculiar  odor :  it  has  a 
density  of  0.792,  and  boils  at  55.60  C.  (131.90  F.):  the  density  of  its  vapor 
(referred  to  air)  is  2.022.  Acetone  is  very  inflammable,  and  burns  with  a 
bright  flame :  it  is  miscible  in  all  proportions  with  water,  alcohol,  and 
ether. 

Nascent  hydrogen  converts  it  into  pseudopropyl  alcohol  (p.  579) ;  but  at 
the  same  time  a  portion  of  the  acetone  doubles  its  molecule,  and  likewise 
takes  up  hydrogen,  being  thereby  converted  into  a  crystalline  substance, 
pinaoone,  C^VL^fi^  ==  2C,HgO -j-  H, . 

By  oxidatian  with  chromic  acid  mixture,  acetone  is  converted  into  acetic 
and  formic  acids,  the  latter  being  for  the  most  part  further  oxidized 
to  Ufi  and  CO,  . 

CH,.CO.CH,    +    0,    =    CH5.CO.OH    +     H.CO.OH 
Acetone.  Acetic  acid.  Formio  acid. 

Acetone  treated  with  hydrocyanic  add,  water,  and  hydrochloric  add  is 
converted  into  oxyisobutyric  (aoetonic)  acid : 

(CH,),CO    +    CHN    +     2H,0    +     HCl    »    NH,C1    + 

(CH3),C0H.C00H. 

By  phosphorus  pentachloride,  acetone  is  converted  into  acetone  chloride 
or  methylchloracetol,  CH,.CCVCH, ;  similarly  with  PBr,.  With 
PA.itfonns  thioacetone,  CH^.CS.CH,,  a  yellowish  offensive-smellmg 
liquid,  boiling  at  183Q-1850  C.  (361.4Q-3650  p.),  insoluble  in  water. 

Chlor-  and  Broin-acc<onc».— These  compounds  are  formed  by  the 
direct  action  of  chlorine  and  bromine  on  acetone,  and  m  other  ways. 

Monochlaracetone,  CH,.CO.CHjn,  is  formed  by  passing  chlorine  into  cold 
acetone,  and  by  the  action  of  hypochlorous  acid  on  monoohloro-  or  mono- 
bromopropene : 

CH;P-CBr=CH,    +    ClOH    =    HBr    +    CHj.CO.CH^a . 

•  See  Watts»8  Dictionary  of  Chemistry,  M  Supplement,  711. 
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It  is  a  liquid,  insoluble  in  water,  boiling  at  1190  C.  (246.20  p.),  and  emit- 
ting vapors  wliioh  excite  a  copious  flow  of  tears. 

DiddariicetoneB,  C2H4G1,0. — Of  these  there  are  two,  vis. : 

CHvCO.CHCL  and  CH,C1.C0.CH,C1 . 

UnBymmetricaf.  Symmetrioal. 

The  former,  produced  by  direct  chlorination  of  acetone,  is  an  oily  liquid, 
having  a  density  of  1.236  at  21o  C.  (69.80  F.)i  and  boiling  at  120O  C. 
(24^  F.). 

The  symmetrical  modification,  obtained  bj  oxidation  of  symmetrical 
dichlorhydrin,  CHjCl.CUOH.CH^Cl,  crystallizes  in  rhombic  plates,  melts 
at  4S^  C.  (109.4P  P.),  and  boils  at  1720-174P  C.  (341.60-345.2C  F.). 

Condemiatloii-prodaots  of  Aoetone. — ^When  acetone  is  subjected 
to  the  action  of  dehydrating  agents,  such  as  sulphuric  acid,  quick-lime, 
zinc  chloride,  or  hydrochloric  acid,  two  or  more  molecules  of  it  unite  to- 
gether, with  separation  of  water,  to  form  a  condensation-product ;  thus  : 

2C,H,0    —    H,0    =    C-Hh,0 

Mesityl  oxide. 

3C,HeO    —  2H,0    =    CaH,^0 

Phorone. 

These  bodies  are  best  prepared  by  saturating  acetone  with  gaseous  hydro- 
gen chloride,  leaving  the  liquid  to  itself  for  some  time,  and  treating  the 
product  with  alcoholic  potash.  On  dilution  with  water  an  oily  liquid  is 
obtained,  consisting  of  mesityl  oxide  and  phorone,  which  may  be  separated 
by  fractional  distillation. 

Mesityl  Oxide,  g»^C=CH.CO.CH„  is  a  colorless  oil,  smelling  like 

peppermint,  and  boiling  at  130O  C.  (2660  F.).  Treated  with  phosphorus 
I>entachloride,  it  is  converted  into  the  chloride,  0,11,^01,.  By  boiling  with 
dilute  sulphuric  acid,  it  is  resolved  into  two  molecules  of  acetone. 

An  isomeric  compound,  called  Metacetone,  is  formed  by  distilling 
sugar  with  lime ;  it  is  a  liquid  boiling  at  84P  C.  (183.20  F.). 

Phorone,  C^Hj^O,  probably  5'^C=CH— C^^^"^^^-^'^» 

»  >^   u  I  ^  J  H^C^  y.  ^^^  .—This 

body  crystallizes  in  large  yellowish  prisms,  melts  at'  280  C.  (82.40  p.) 
boils  at  I960  C.  (384.80  p.),  and  when  boiled  with  dilute  sulphuric  acid 
takes  up  water,  and  is  resolved  into  3  molecules  of  acetone : 

C,Hi,0    +    2H,0    »    SCjHeO. 

Acetophorone,  produced  by  heating  acetone  with  quick  lime,  and  cam- 

Shn£^„Tn'?f/.?i!L*'''^^^^  camphoric  acid,  appear  to  be  isomeric  with  the 
phorone  obtained  as  above. 

l«^!^nJ'♦^''**^7'*,\"*~"^'"'^''^«"^^"^^  mesity. 

lene  or  trimethylbenzene,  a  body  belonging  to  the  aromatic  group : 

3C,HeO    »    3H,0    +    C,H„. 

The  same  body  is  formed  by  the  action  of  sulphuric  acid  on  phorone. 
Other  ketones  heated  with  sulphuric  acid  likewise  yield  derivatives  of 
Denzeno* 
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Aoetonamlnes.* — Acetone,  heated  with  ammonia,  yields  a  miztare  of 
three  bases,  the  composition  and  mode  of  formation  of  whioh  are  indicated 
bj  the  following  formui» : 

Diaoetonamine,  CeHuNO    =    2C,H^0    +    NH,    —    H,0. 

Triacetonamine,  CgH„NO    =    3C,HeO    +    NH,    —  2H,0. 

Dehydrotriacetonamine,  C^HjjN       =     C,H„NO  —    H,0. 

Diacetonamine  is  the  chief  product  obtained  at  a  moderate  heat,  and 
18  best  prepared  by  passing  dry  ammonia  gas  into  a  flask  containing  acetone 
in  a  state  of  gentle  ebullition.  It  is  a  colorless  liquid,  having  an  ammo> 
niacal  odor  and  strong  alkaline  reaction ;  mixes  in  all  proportions  with 
water,  alcohol,  and  ether,  oxidizes  and  turns  brown  on  exposure  to  the 
air ;  forms  crystalline  salts  with  hydrochloric,  sulphuric,  and  oxalic  acids  ; 
the  platinochloride,  2(0(1) pNO.HCO.PtCl^,  crystallizes  from  water  in  orange- 
yellow  monoclinic  prisms  containing  2  molecules  H,0. 

Triaceionaminej  CgHj^NO,  is  the  chief  product  obtained  at  higher  tempe- 
ratures, and  is  best  prepared  by  boiling  diacetonamine  with  acetone  in  a 
flask  fitted  with  a  reversed  condenser.  It  crystallizes  in  large  colorless 
square  tablets  or  long  needles,  having  a  faint  ammoniacal  and  camphorous 
odor,  and  melting  at  39.60  C.  (103.30  p.).  It  dissolves  easily  in  water, 
alcohol,  and  ether  ;  the  aqueous  solution  has  a  strong  alkaline  reaction. 
It  may  be  partly  volatilized  without  decomposifion  at  lOQO,  but  deoompoRes 
at  liigher  temperatures.  The  hydrochloride,  CjH^NO.HCl,  crystallizes  from 
alcohol  in  small  needles.  The platinochloride,  2(CgH„N0.HCl).PtCl^  +  3H,0, 
forms  tufts  of  long  golden-yellow  needles,  easily  soluble  in  water,  sparingly 
in  alcohol. 

An  nncrystalllzable  modification  of  triacetonamine,  called  isotriaoe- 
tonamine,  is  contained  in  the  mixture  of  bases  formed  by  the  action  of 
ammonia  on  acetone.  It  forms  a  crystalline  platinochloride  oontaininf 
2HjO. 

Pehydrotriaceton amine,  C^Hi^N,  is  obtained  by  distilling  the 
last  mother-liquor  of  the  same  crude  product  with  potash  :  it  forms  a  pla- 
tinum salt,  2(CgHi5N.HCl).PtCl4,  which  crystaUizes  in  oblique .  rhombic 
prisms. 

Dehydropentaoetonamine,  C,5H,<|N,  is  obtained,  amongst  other 
products,  by  heating  triacetonamine  with  hydrochloric  acid : 

5CjH„N0    +    2HC1    a    SC^H^N    +    2NH^C1    +     6H,0. 

The  hydrochloride  forms  small  colorless  crystals,  slightly  soluble  in 
water.  The  free  base  separates  as  an  oil  on  adding  an  alkali  to  the  solu- 
tion of  the  hydrochloride. 

Methyl-ethyl    Ketone,   C4H80=sCO<^^    ,  is  formed:    1. 

By  oxidation  of  secondary  butyl  alcohol.  2.  By  the  action  of  zinc-ethyl 
on  acetyl  chloride,  or  of  zinc-methyl  on  propionyl  chloride.  3.  By  distil- 
ling a  mixture  of  propionate  and  acetate  of  calcium.  4.  By  oxidation  of 
methyl-ethyl-oxalio  acid  (see  Oxalic  acid)  : 

C.V^<?0,H    +    O    -    CO,    +     H.0    +    ^H^^>CO. 

•  H  e  1  n  tz ,  L1eblff»a  Annalrn,  clxxl v.  181 ;  clxxviH.  906. 3*26 ;  clxxxlii.  »76,  283. 
Sokoloff  And  Lnf  schinof  f .— D«u/.  CAem.  Ges.  Ber.  vil.  1384. 
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5.  By  the  action  of  alkalies  on  etliylic  aceto-acetate  (see  Cabbokbtonic 
acids)  : 


CO 


CH  ^H 

<^     *  +2K0H  =  C0<['   *       +COJC,  +  C„Hs(OH). 

^^H(CHa).C0j.C,H5  ^XJHjCH, 

It  is  a  fragrant  liquid,  of  specific  gravity  0.812  at  130  C.  (55.40  F.), 
boiling  at  810  C.  (177.80  F.)  ;  unites  with  acid  sulphites  of  alkali-metals  ; 
yields  by  oxidation  two  molecules  of  acetic  acid. 

The  higher  members  of  the  series  admit  of  isomeric  modifications,  the 
formula,  C^HigO,  including  three,  and  CgHjjO,  six  isomeric  ketones. 

The  table  (p.  682)  exhibits  the  specific  gravities,  boiling  points,  and 
products  of  oxidation  of  the  best  known  ketones  of  the  series. 

MethyUkatabutyl  Ketone^  CHg — CO — C(CHj,)j„  is  probably  the  compound 
called  pinacolin,  formed  by  heating  pinaoone,  C«H,40,  (p.  608),  with 
hydrochloric  or  dilute  sulphuric  acid.  It  is  likewise  formed  by  the  action 
of  zinc-methyl  on  trimethacetyl  chloride : 

2C0<^p^»>»    +    Zn(CH,),    «    ZnCl,    +    2C0<^g^«^». 

Nascent  hydrogen  converts  it  into  pinacolyl  alcohol  or  methyl-katabutyl 
carbinol,  C(CH,)^— CHOH— CH,  (p.  589). 

Methyl-nonyl  Ketone,  CHs— CO— C^H^,  is  the  chief  constituent  of  oil  oi 
rue,  and  may  be  extracted  therefrom  by  agitation  with  acid  sodium  sul- 
phite. It  is  formed  artificially  by  distilling  a  mixture  of  calcium  acetate 
and  rutate : 


9"1» 


It  is  an  oily  liquid,  with  a  bluish  fluorescence,  solidifying  at  low  tempera- 
tures to  a  laminar  mass. 
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KsToincs. 


Dimethyl  ketone, 

CH.O-00<g^   

Methyl-ethyl  ketone, 

0,H.O-00(g«^ 

Ketone*,  OftHjoO : 

1.  Methyl-propyl  ketone, 

fjQ/CHj 

""\(CE,)(04H8)   

S.  Methyl-isopropyl  ketone, 

""\OH(OHa)j       

8.  Diethyl  ketone  or  propione 

Ketone*,  0»Ht,0 : 
1.  Methyl-butyl  ketone, 

3.  Methyl-isobutyl  ketone, 

^^\ OH*OH(OH,)t  •*• 
8.  Methyl-katabutyl  ketone, 

/^"\0(UH,),  

4.  Ethyl-propyl  ketone, 

^^\(cfHi).(CHa)   

Ketone*,  O7H14O ; 
1.  Dipropyl  ketone, 

5.  DMsopronyl  ketone, 

^^\o,hI 

8.  DiethyUcetone, 

^"\CH(0sH6)i      

4.  Methyl-pentyl  ketone. 


00\oSfn 


Methyl-hex yl  ketone, 

O.H,.0-00(;gHf        ., 
Di-isobutyl  ketone  or  valerone 

O9Hi0O»OO(O4H«)s  .... 

Ketone*^  OnHaO: 
1.  Diamyl  ketone  or  caprone, 

COlOfiH,,),  

S.  Methyl-nonyl  ketone, 

Dlhexyl  ketone  or  cBnanthone 
Ci3H«0=C0(C,H„),   . 

Diheptyl  ketone, 

Ci»HMO-GO(07Htf).   . 

Dlnonyl  ketone, 

0,,H«0-00(CVH,^,   . 


Boiling  point. 


68' C. 

(13«.4o  F.) 

81<»0. 
(177.8°  F  ) 


0»-101°  O. 
(210.*i-21d.8<>  F.) 

(-00.8=>  F.) 

101°  O. 
(213.8°  F.) 


127°  O. 
(200.8°  F.) 

114°  O. 
(287.2°  F.) 

106°  O. 
(222.8°  F.) 

128°  O. 
(262.4°  F.) 


144°  O. 
(291.2°  F.) 

123-124'' O. 

(288.4-266.2' F) 

1S7-1»^0. 
(278.6-282.2°  F.) 

166-166°  O. 
(811-312.8°  F.) 

171°  O. 
(839.8°  F.) 

1820  0. 
(369.6°  F.) 


220°  O. 

(428°  F.) 

226°  O. 
(437°  F.) 

26a°0. 
(491°  F.) 

280°  O. 
(636°  F.) 

360°  O. 
(662°  F.) 


Specfflo 
gra?ity. 


0  814  at  6°  O. 
(42.8°  F.) 

0.812  at  18°  O. 

(66.4°  F.) 


0  807  at  18°  O 

(64.4°  F.) 

0.810  at  18°  C. 
(66.4°  F.) 

0.813  at  80°  C. 

(68°  *.) 


0.829  at  0°  O. 
0.819  at  QO  O. 
0.823  at  QO  O. 
0.888  at  0°  O. 


0.82  at  20°  O. 

(68°  F.) 


Products  of 
oxidation 


0.81 7  at  22°  O. 
(71  6°  h.) 

0.813  at  20°  O. 
(f«°  F.) 

0.818. 


0.883  at  80°  O. 

(86°  F.) 


Melting  point, 
16°  O.  (69°  F.) 

«)»0. 
(86°  F.) 

40°  O. 

(104°  F.) 

68°  C. 
(186.4°  F.) 


Formic  and  acetio 
acldi. 

Acetic  aoid  (SmolJ 


Acetic  and  propio- 
nic acids. 


Acetio  and  propio- 
nic acids. 


Acetic  and  butyric 
acids. 

Acetic  and  Isobu- 
tyric  acids 

Acetic  and  trime* 
thylacetic  acids. 


Butyric   and   pro- 
pionic acids. 

Isobutyric  acid, 
acetio  acid,  h,  CO^ 


Acetic  and  normal 
▼aleric  acids. 

Acetio  and  oaproio 
acids. 


Acetic  and  pelsr* 
gonio  acids. 


OBQANIO   ACIDS. 


683 


ORGANIC  ACIDS. 

Organio  acids,  or  Carbon-acidSi  contain  the  nnivalent  group,  COOH  or 

O — C — OH  (called  oarbozyl  or  oxatjl),  linked  by  its  free  combining 
unit  with  a  hydrocarbon  residue,  and  they  may  be  regarded  as  derived 
from  hydrocarbons,  saturated  or  unsaturated,  by  the  substitution  of  one 
or  more  of  these  univalent  groups  for  an  equal  number  of  hydrogen-atoms ; 
thud: 

from    CH^  are  derived  CHj— CO,H    and  CIl8<[^^«g 

Malonic  acid. 


Methane. 


li 


<( 


It 


a 


it 


i( 


Acetic  aoid. 

Propionic  acid. 

CjHg.COjH 

Orotonio  aoid. 

Many  acids  are  formed  by  oxidation  from  primary  alcohols,  the  Hg  of  the 
groups  CH^OU  in  these  alcohols  being  replaced  by  0  ;  thus : 

Alcohols.  Adda* 


Ethane. 
Propene. 


r*  w  .,x^OjH 
^2"«\C0„H 
Succinic  acid. 

Citraconlc  acid. 


CH, 

CH, 

CH, 

CH, 

CHjOH 

COOH 

Propyl  alcohol. 

ropionic  acid. 

CH5OH 

CH,OH 

COOH 

CH, 

CH, 

CH- 

CHjOH 

COOH 

COOH 

A  Propene  glyooL 

B  Lactic  aoid. 

Malonic  acid. 

CHjOH 

CHjOH 

COOH 

CHOH 

CHOH 

CHOH 

CH^OH 

COOH 

COOH 

Qlycerin. 

Olycerio  add. 

Oxymalonio  acid 

An  acid  may,  however,  contain  one  or  more  hydroxyl  groups  not  directly 
connected  with  the  group  CO,  and  the  hydrogen  in  these  groups,  as  well 
as  in  the  group  CO,H,  is  replaceable  by  alcohol-radicles  (also  by  alkali- 
metals)  producing  acid  ethers,  or  alcoholic  acids,  e<^.,  ethyl-lactic  acid, 
CH,(0CjH5)— CH^— CO.OH. 

The  total  number  of  hydroxyl  groups  in  an  organio  acid  is  the  same  as 
that  of  the  alcohol  from  which  it  is  derived,  and  this  determines  the 
atomicity  of  the  acid,  and  the  number  of  ethers  which  it  is  capable  of 
forming  with  any  given  alcohol-radicles  ;  thus  /?-lactic  acid,  though  it  con- 
tains only  one  atom  of  basic  hydrogen,  and  therefore  forms  only  one  class 
of  metallic  salts,  represented  by  the  formula  CjHjOjM,  is  diatomic,  like 
propene-glycol,  and  can  form  two  ethylic  ethers,  viz.,  ethyl-/?-lactic  acid 
and  diethyl-/?-lactate  or  ethylic  ethyl-lactate  ;  thus  : 


CH,OH 

CH. 

COOH 
iS-Iiactio  add 
(monobasic). 


CH,0C,H5 
CH. 
COOH 
Ethyl-d-lactio 
add  (mono- 
baaie). 


CHjOCgHj 

CH, 

COOCjHj 

Diethyllo 

^lactate 

(neutral). 
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From  these'  considerations  it  appears  that  monatomic  acids  mnst  neces- 
sarily be  monobasic  ;  but  diatomic  acids  may  be  either  monobasic  or  biba- 
sic ;  triatomic  acids,  either  monobasic,  bibasic,  or  tribasic ;  and  so  on. 

Many  of  the  most  important  acids  are  derived,  in  the  manner  above  ex- 
plained, from  actually  known  alcohols  ;  others,  thougli  they  have  no  alco- 
hols actually  corresponding  with  them,  arc  homologons  with  other  acids  de- 
rived from  known  alcohols  ;  but  there  is  also  a  considerable  number  of  acids, 
especially  those  formed  in  the  vegetable  or  animal  organism,  which  cannot 
be  regarded  as  derivatives  of  alcohols  of  any  known  series  ;  but  the  num- 
ber of  these  unclassified  acids  will  doubtless  diminish  as  their  composition 
and  reactions  become  more  thoroughly  known. 

Acids  may  also  be  regarded  as  compounds  of  hydroxy  1  with  oxygenated 
radicles  (acid  radicles)  formed  from  the  corresponding  alcohol-radicles  by 
substitution  of  0  for  U, ;  e.g.^ 

C-Hj.OH  CjHsO.OH 

Ethyl  alcohol.  Acetic  add. 

CjHe(OH),  C,H,0(OH),  C3H,0,(0H), 

Propeoe  glycol.  Liactio  add.  Malonic  add. 

The  replacement  of  the  hydroxyl  in  an  acid  by  chlorine,  bromine,  or 
iodine,  gives  rise  to  acid  chlorides,  etc. ;  thus  from  acetic  acid,  C,H,0(OH), 
is  derived  acetic  chloride,  C^HjOCl,  etc.  The  replacement  of  the  hydrogen 
within  the  radicle  (radical  hydrogen)  by  the  same  elements,  or  by  the 
groups,  CN,  NOj,  NK.^,  etc.,  gives  rise  to  chlorinated,  brominated,  cyanated, 
nitrated,  and  amidat^  acids.  Lastly,  the  replacement  of  the  extra-radical 
or  typic  hydrogen  by  alcohol -radicles  gives  rise  to  ethereal  salts  of  com- 
pound ethers ;  and  its  replacement  by  acid  radicles  yields  acid  oxides  or 
anhydrides  (p.  481).  The  derivatives  of  each  acid  will  be  described  in 
connection  with  the  acid  itselt. 


Monatomic  Aolda. 


These  acids,  being  derived  from  monatomic  alcohols  by  substitution  of 
O  for  H„  necessarily  contain  two  atoms  of  oxygen.  Each  series  of  hydro- 
carbons yields  a  series  of  monatomic  alcohols  and  a  series  of  monatomio 
acids;  thus: 

HydrocAFbons.  Alcohols.  Adds. 

etc.  o*c.  etc. 

The  best  known  monatomio  acids  are  those  belonging  to  the  series 
C„H^O„  C„H^-^0„  C„H^-«0,,  and  C„H^-,opr  The  last  two  belong  to 
the  aromatic  ^TOup.  Of  the  other  series  only  a  few  terms  have  hitherto 
been  obtained. 

1.  AoidB  of  the  Fatty  Series. 

These  acids  are  called  Fatty  or  Adipic  Acids,  becausemost  of  them 
are  of  an  oily  consistence,  and  the  higher  members  of  the  series  are  solid 
fats.    The  following  is  a  list  of  the  known  members  of  the  series  : 
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Formic  acid ,       Lnaria  acid    .....    C|,H„0, 

Aoutiu  acid I,      M^ristio  acid      ....     C[,H„0, 

Pmpiouic  aoid     ....  »,      Palmitic  acid      ....     C„H^, 

Butyric  acid  (normal)       .  >,      Mnrgario  aoid     ....     C[,H,,0, 

Valeric  aoid         "        .     .  3,     SUsaric  acid C,bHj,0, 

Caproio  acid         "        .     .  ■),     Arachidic  acid    ....     C^H„0, 

CEaaiithyllc  aoid      ...  0,     Behenic  acid C|>^it<^i 

Caprylio  acid      ....  0,     Cerotio  acid C„H„0, 

Pelargonio  acid  ....  3,     Heliaalo  acid ^M^*f\ 

Satio  or  Caprio  aoid     .     .  ,0, 

The  higlier  members,  from  valariu  acid  upwards,  are  gometimPB  denoted 
by  naiQKj  indicating  tlieir  number  of  carboii-atoniB,  and  tlie  aicohola  from 
which  thay  are  derived,  «.  j.,  penloic,  heroic,  lie/iloic,  etc. 

The  acid  radicles  in  the  formula  C„U^    iCH)  may  be  regarded  as  com- 
poundH ot  oarbonyl CO,  with  alcohol-radicles  :  C„H^_jO  =  UOCC„_|U^ . ,), 
and  accordingly  the  soveral  acidii  may  be  formulated  bb  follows  : — 
COH.OH  CO(CH,).OH  CO(C,U(>OH  . 

Formie.  Aoetlo.  Propiaoli. 

AH  the  acida  of  the  serias  ooiitalning  more  than  three  carbon-atoms 
admit  of  isomeric  modifications,  according  to  the  cnnstitutiou  of  the  alcohol- 
radiclea  which  they  oontaia  :  butyriu  acid,  C,U,0„  for  example,  may  ex- 
hibit the  foi  lowing  modifloalions  : — 

CH,CH,CH,  CHCCH,), 

COOH  COOH 

Normal  butfrlo  aeld.  iKbulyrio  uld. 

But  none  of  these  acids  oan  eihibit  modifications  analogotiB  to  the 
Bocondary  and  tertiary  alcohols :  because  in  them  the  carbon-atom  which 
is  associated  with  hydroiyl  has  two  of  its  other  anits  ot  equivalence  salia- 
Aed  by  an  atom  of  bivalent  oxygen,  and  therefore  cannot  unite  directly 
with  mote  than  one  other  atom  of  carbon.  Accordingly,  it  is  found  that 
the  secondary  and  tertiary  alcohols  are  not  converted  by  oxidation  into 
acids  ooutaining  the  same  number  of  carbon-atoms  as  themselves. 

OccKiTsnca. — Moat  of  the  fatty  acids  are  found  in  tho  bodies  of  plants  or 
aniraals,  some  in  the  free  state  ;  formic  acid  in  anla  and  nettles  ;  valeric 
acid  in  valerian  root ;  pelargonio  acid  in  the  essential  oil  of  J'iplargimeum 
raieum:  and  cerotio  acid  in  beoawax.  Others  occur  as  ethereal  salts  of 
monatomio  or  polyatomic  alcohols :  as  cetylpalmitate  in  spermaceti ;  oerjl 
cerotate  in  Chinese  wax;  glycorio  butyrate,  palmitate,  stearate,  eto.,  in 
natural  fats. 

Formaiioa. — 1.  By  oxidation  of  the  primary  alcoholsofthemethyl  series, 
as  by  exposure  lo  the  air  in  contact  with  platinnm  black,  or  by  heating 

with  aqueous  chromic  acid 2.  By  the  oxidation  of  aldehydes.     In  this 

case,  an  atom  of  oxygen  is  simply  added ;  e.  jr.,  C,HjO  (aldehyde)  -h  O  ^ 
C,M,0,  (acetic  acid). 

3.  By  the  action  of  carbon  dioxide  on  the  potasainm  or  sodium  componod 
of  an  ^cohol-radicle  of  the  methyl  series ;  thus : — 

CO,        -f-        CH,Na        =        CH,.CO,Na 
OnrboD  SodtuDi  Sodlnm 

dloxlile.  mettalda.  acetate. 

4.  By  heating  the  ethylate  of  an  alkali-metal  in  alcoholio  solution  with 
carbon  monoxide  under  presstire ;  n.  jr., 

C-HjOK  +        CO        =         C,H,.CO.OK 
PafuMlum  PotiwBtum 

eihyln'o.  acetate. 
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This  reaction,  however,  is  slow,  and  yields  bat  a  small  product. 
5.  By  the  action  of  alkalies  or  acids  on  the  cjanides  of  the  alcohol- 
radicles,  CnHja+i ;  thus  : — 


C.H^+i 


CN 

Alcoholie 
cyauide. 


+      KOH      +    •  H,0 


Potassium 
hydroxide. 


Water. 


=       I  +      NH, 

CO,K 
Potassium-salt    Ammonia, 
of  fatty  aeid. 


2H,0     =     C.H^+,.CO,H 
iVater.  Potassium-salt. 


+  NH^a 

Ammonium 
ehloride. 


and 

C.H,„-h.CN      +      HCl      + 
Alcoholic  Uydrychlorie 

eyanide.  acid. 

In  this  manner  the  cyanide  of  each  alcohol-radicle  yields  the  potassium- 
salt  of  the  acid  next  higher  in  the  series,  that  is,  containing  one  atom  of 
carbon  more ;  methyl  cyanide,  for  example,  yielding  acetic  acid,  ethyl 
cyanide  yielding  propionic  acid,  etc. ;  thus  :— 

CHj.CN    +     KOH    +    Ufi    s    CH,.CO,K    +    NH, 
Methvl  Potassium 

cyanide.  acetate. 

6.  By  the  action  of  water  on  the  corresponding  acid,  chlorides :  «.  jr.. 


C.H.OCl 
Acetyl  chloride. 


HOH         =s 


HCl        -I-         C,H,0(OH) 

Acetic  acid. 


Now,  these  acid  chlorides  can  be  produced,  in  some  instances  at  least,  hy 
the  action  of,  carbonyl  chloride  (phosgene  gas)  on  the  corresponding  par- 
affins ;  thus  : — 

s        HCl        + 


CH,        + 
Methane. 

C.Hi.     + 
Butane. 


coa, 

Carbonyl 
chloride. 

COCl, 
Carbonyl 
chloride. 


«      Ha 


C,H,OCl 

Acetyl 

chloride. 

CgH.Oa 

Vaieryl 

chloride. 


By  these  combined  reactions,  therefore,  the  paraffins  may  be  oonrerted 
into  the  corresponding  fatty  acids. 

7.  By  the  action  of  phosgene  on  the  zinc-compounds  of  the  alcohol- 
radicles,  whereby  acid  chlorides  are  formed,  to  be  subsequently  decomposed 
by  water : 

Zn(CHs),    +     2C0C1,    =    ZnCl,    +    2(CH3.C0C1) 
Zinc-methyl.  Acetyl  chloride. 

8.  By  dissolving  sodium  in  methylic  or  ethylic  acetate,  adding  the  iodide 
of  an  alcohol  radicle,  heating  the  mixture  to  10(P  and  distilling.  The 
reaction,  which  is  complex,  and  will  be  more  fully  explained  hereafter 
(see  Carbo-kktomc  Acids),  may  be  viewed — so  far  as  our  present  purpose 
is  concerned — as  consisting  in  the  substitution  of  1  or  2  atoms  of  sodium 
for  hydrogen  in  the  methyl -group  of  acetic  acid,  and  the  decomposition  of 
the  resulting  compound  by  the  alcoholic  iodide  :  e.  g,. 


CH.Na 

I  + 

COjCjHj 
Ethylic  sod- 
acetate. 


CH.I 


Nal    + 


CIINa, 


A 


Ethylic  di- 
sod  acetate. 


+     2CH,I 


2NaI 


CH,(CH,) 

COAHj 
Ethylic  methyl 
acetate. 

CH(CH,), 

+      I 

C0,C-H5 

Ethylic  dimethyl 

acetate. 
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The  resulting  ethers  saponified  with  caustic  potash  yield  the  acids ; 
thus : 

CH(CH3),  CH(CH,), 

[                    +  KOH     =     CjH^OH    +      I 

COaC-Hj  CO^K 

£thylic  dimethyl  Alcohol.       Dlmethylaeetio  or 

acetate.  Isobutyric  acid. 

Ethjl-acetic  or  normal  butyric  acid,  CHjjCGjHg) — COjH,  and  other  mem- 
bers of  the  series,  may  be  obtained  in  a  similar  manner. 

The  eight  modes  of  formation  above  given  are  general,  or  capable  of 
being  made  so.  There  are  also  special  methods  of  producing  particular 
acids  of  the  series,  but  in  most  of  these  cases  the  reactions  cannot  be  dis- 
tinctly traced ;  thus  formic,  acetic,  propionic,  butyric,  and  valeric  acids 
are  produced  by  the  oxidation  of  albumin,  fibrin,  casein,  gelatin,  and  other 
similar  substances  ;  propionic  and  butyric  acids,  in  certain  kinds  of  fer- 
mentation ;  acetic  acid  by  the  destructive  distillation  of  wood  and  other 
vegetable  substances. 

Properties. — ^Most  of  the  fatty  acids  are,  at  ordinary  temperatures,  trans- 
parent and  colorless  liquids  ;  formic  and  acetic  acids  are  watery  ;  propionic 
acid  and  the  higher  acids,  up  to  pelargonic  acid,  are  oily  ;  rutic  acid  and 
those  above  it  are  solid  at  ordinary  temperatures,  most  of  them  being  crys- 
talline fats  ;  cerotic  and  meiissic  acids  are  of  waxy  consistence. 

Reactions,'^!.  When  the  fatty  acids  are  submitted  to  the  action  of 
nascent  oxygen  evolved  by  electrolysis,  the  carboxyl  (COOH)  contained  in 
them  is  resolved  iuto  water  and  carbon  dioxide,  and  the  alcohol-radicle  is 
set  free  (p.  492)  ;  thus  : 

2(C4H,.CO,H)    +    O    =    H,0    +    2C0-    +    C.Ha.CA 
Valeric  acfd.  "i       "r  i     "T"       JjjJ^^*^;^ 

2.  When  the  ammonium  salt  of  either  of  these  acids  is  heated  with 
phospfioric  oxide^  it  gives  up  water,  and  is  converted  into  the  cyanide  of  the 
alcohol-radicle  next  below  it ;  e,  g.,  ammonium  acetate  into  methyl  cyan- 
ide: 

CHf-COONH^    —    2H,0    «    CH^— CN. 

ThiB  reaction  is  the  converse  of  the  fifth  mode  of  formation  above  given. 

3.  By  distilling  the  potassium  salt  of  a  fatty  acid  with  an  equivalent 
quantity  of  potassium  formate^  the  corresponding  aldehyde  is  obtained  : 

CH,.CO.OK    -f-     H.CO.OK    =    CH^.COH    -h     K-CO,; 
Acetate.  Formate.  Aldehyde.  Carbonate. 

and  the  aldehyde,  treated  with  nascent  hydrogen,  is  converted  into  a  pri- 
mary alcohol  (pp.  558,  665). 

4.  By  subjecting  the  barium  or  calcium  salt  of  a  fatty  acid  to  dry  dis- 
tillation, a  similar  decomposition  takes  place,  resulting  in  the  formation 
of  a  ketone;  and  the  ketone,  treated  with  nascent  hydrogen,  yields  a 
secondary  alcohol  (pp.  558,  677). 

By  these  reactions,  the  fatty  acids  may  be  converted  into  alcohols. 

5.  The  fatty  acids,  heated  with  alcohols  in  sealed  tubes,  yield  compound 
ethers,  or  ethereal  salts,  water  being  eliminated  : 

CJl70(0H)    -f     HOC.Hj    SB    H,0    +     C4H,0(OC,H5) 
Butyric  Ethyl  Ethyl 

acid.  alcohol.  butyrate. 

The  conversion,  however,  ia  never  complete,  a  portion,  both  of  the  acid 
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and  of  the  alcohol,  remaining- nnaltered,  in  whatever  proportion  they  may 
bo  mixed  (p.  553). 

The  ethereal  salts  of  the  fatty  acids  are,  for  the  most  part,  more  easily 
obtained  by  acting  upon  the  alcohol  with  an  acid  chloride,  or  by  passing 
hydrochloric  acid  gas  into  a  solution  of  the  fatty  acid  in  the  alcohol ;  thus 
butyric  chloride  and  ethyl  alcohol  yield  ethyl-butyrate  : 

C^H,0C1    +     HOCjHg    =    HCl    +     C^H^OCOCjHj). 

Another  method  very  commonly  adopted,  is  to  distil  a  potassium  salt  of 
the  fatty  acid  with  a  mixture  of  the  alcohol  and  strong  sulphuric  acid. 
In  this  case  an  acid  sulphuric  ether  is  first  formed  (as  ethyl-sulphuric  acid 
from  ethyl  alcohol,  p.  573),  and  this  acts  upon  the  salt  of  the  fatty  acid 
in  the  manner  illustrated  by  the  equation  : 

so„(HO)OCjH5  +  an^ocoK)  =  c^H-ocoCjEy  +  so,(oh)(ok) 

Etnyl-sulphurio  PotAssium  Ethyl  Acid  potauium 

aoid.  butyrate.  butyrate.  sulphate. 

The  ethereal  salts  of  the  fatty  acids  are  either  volatile,  oily  or  syrupy 
liquids,  or  crystalline  solids,  for  the  most  part  insoluble  in  water,  but 
soluble  in  alcohol  and  in  ether.  When  distilled  with  potash  or  soda,  they 
take  up  water  and  are  saponified,  that  is  to  say,  resolved  into  the  alcohol 
and  aoid ;  «.  ^.,  ethyl  butyrate  into  butyric  acid  and  ethyl  alcohol : 

C^H^OCOCjHj)     +    HOH    »    CfifiCqW)    +    CjHjCOH). 

6.  The  fatty  acids  are  strongly  acted  upon  by  the  dkloridea^  bromides^ 
oxychlorules,  and  oxyhrotnides  of  phosphorus ,  yielding  aoid  chlorides  and 
bromides,  the  phosphorus  being  at  the  same  time  converted  into  phos- 
phorous or  phosphoric  acid  ;  thus : 

3C,H,0(0H)     +     PCI,      »    PO,Hj    +    3C,H,0C1. 

8CaH,0(0H)     +     PCljO    =    PO.H,    +     3C,lIjOCl. 

C,HjO(OU)    +    PCI,    =    PCljO    +    HCl    +    CjHjOCl. 

These  acid  chlorides  are,  for  the  most  part,  oily  liquids,  having  a  pungent 
acid  odor ;  they  are  easily  decomposed  by  water,  yielding  the  fatty  acid 
and  hydrochloric  acid.  This  decomposition  takes  place  also  when  they  are 
exposed  to  the  air :  hence  they  emit  dense  acid  fumes.  They  react  in  an 
exactly  similar  manner  with  alcohols,  as  above  mentioned,  yielding  hydro- 
chlorio  acid  and  a  compound  ether. 

7.  The  chlorides  of  the  acid  radicles,  CoHj^  +  fi,  act  violently  on  am- 
monia, forming  ammonium  chloride  and  tlie corresponding  amides,  acetic 
chloride,  for  example,  yielding  acetamide : 

C,H,0C1    +     2NHj    «    NH.Cl    +     NH,(C,H,0). 

8.  The  acid  chlorides,  distilled  with  a  metallic  salt  of  the  corresponding 
acid,  yield  a  metallic  chloride  and  the  oxide  or  anhydride  correspond- 
ing with  the  acid  ;  thus  : 

CJIjOCl    +    C,H,0(OK)    =z    KCl    +    (C,H,0),0. 

In  like  manner,  when  distilled  with  the  potassium  salt  of  another  mon- 
atomic  acid,  they  yield  oxides  or  anhydrides  containing  two  monatomio 
acid  radicles  :  6.  ^., 

C,H,OCl    +    C,H,0(OK)     =    KCl    +   ^'n'o}^ 

Acetic  Potassium  Aoeto-ben- 

chloride.  beazoate.  zoic  oxide. 
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The  oxides  of  the  fattj  acid  radicles  may  also  be  prepared  bj  heating  a 
dry  lead-salt  of  the  acid,  in  a  sealed  tube  with  carbon  bisulphide  :  e.  g., 

^^{oc'^fi  +   cs,  =  2Pbs  4-   CO,  +   2(c.n,o),o 

Ijead  acetate.  Acetic  oxide. 

The  oxides  of  the  fatty  acid  radicles  are  gradually  decomposed  by  water, 
quickly  when  heated,  yielding  two  molecules  of  the  corresponding  acid  : 

(C,H,0),0    +     H,0    =:    2C,H,0(0H). 

Those  containing  two  acid  radicles  yield  one  molecule  of  each  of  the 
corresponding  acids. 

In  contact  with  alcoholic  oxides  {oxygen-ethers^^  the  acid  oxides  are  con- 
verted into  ethereal  salts : 

(C2H,0),0    +     (C,H,),0    ^    2C,H,0(OC,H5) 
Acetic  oxide.        Ethyl  oxide.  Ethyl  acetate. 

With  alcohols,  in  like  manner,  they  yield  a  mixture  of  a  compound  ether 
with  the  acid : 

(C,H,0),0    +     C,H6(0n)     s    C.H30(0C,H,)     +     C^HjOCOH) 
Acetic  oxide.       Ethyl  alcohoU  Ethyl  acetate.  Acetic  acid. 

The  acid  oxides  are  decomposed  by  ammonia  gas,  yielding  a  mixture  of 
an  ammonium-salt  with  an  amide ;  e,  g.^ 

(C,H,0),0     +    2NHb    =-    CjH,0(ONHJ     +     Nn,C,H,0. 

9.  The  fatty  acids,  subjected  to  the  action  of  chlorine  or  bromine,  give  off 
hydrochloric  or  hydrobromic  acid,  and  are  converted  into  substitution-com- 
pounds containing  one  or  more  atoms  of  chlorine  or  bromine  in  place  of 
hydrogen ;  but  it  is  only  the  hydrogen  within  the  radicle  that  can  bo  thus 
exchanged,  not  that  belonging  to  the  hydroxyl  group  (the  so-called  typic 
hydrogen),  so  that  the  number  of  chlorine  or  bromine-atoms  introduced  in 
place  of  hydrogen  is  always  less  by  at  least  one  than  the  number  of  hydro- 
gen-atoms in  the  acid : 


C,H,0(OH)  -f    CI,    =     HCl    +     CJI,C10(0H) 
Acetic  acid.  Ohioracetic  acid 

C,HjO(OH)  -f  3C1,    =  3HC1    +     C,C1,0(0H) 
Acetic  add.  Triohloracetio 


acid. 

The  iodated  aolds  of  the  same  series  (or  rather  their  ethereal  salts) 
are  obtained  by  heating  the  corresponding  bromine-compounds  with  potas- 
sium iodide : 

C,H,BrO(OC^    +    KI    sa    KBr    +    C,H,IO(OC,H.) ; 
Ethyl-brom-  Ethyl-iodacetate. 

acetate. 

and  the  ethers  treated  with  potash  yield  potassium  salts  of  the  iodated 
acids,  from  which  the  acids  may  be  obtained  by  decomposition  with  sul- 
phuric acid. 

10.  The  chlorinated  and  brominated  fatty  acids,  boiled  with  water  and  silver 
oxide  J  exchange  the  whole  of  their  chlorine  or  bromine  for  an  equivalent 
quantity  of  hydroxyl,  producing  new  acids,  which  differ  from  the  primi- 
tive acids  by  a  number  of  atoms  of  oxygen  equal  to  the  number  of  atoms 
of  chlorine  or  bromine  present ;  e.g., 

58* 
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2CjHjBrO,    +    Ag,0    +    H,0    «    2AgBr    +    2C,HA 

Bromaoetio  Qlycollio 

acid.  acid. 

C^HeBrjjO,    +    Ag,0    +     HjO    =    2AgBr    +     C^HgO^ . 

Dibromo-  Dioxy- 

butyrio  acid.  butyric  acid. 

Dichloracetio  and  trichloracetic  acid  are  not  sufficiently  stable  to  exhibit 
this  transformatiou,  their  molecules  splitting  up  altogether  when  boiled 
with  silver  oxide. 

11.  The  monochlorinated  and  monobrominated  acids,  subjected  to  the 
action  of  an  alcoholic  solution  of  ammonia  gaSj  yield  ammonium  chloride 
and  a  new  acid,  in  which  the  chlorine  or  bromine  is  replaced  hy  amido- 
gon.  Thus  monochloraoetic  acid  yields  amidacetic  acid,  or  glj- 
cocine : — 

CjH,aO,    +    2NH,    =     NH^a    +     CaH,(NH^O,. 

There  is  another  way  of  viewing  these  amidated  acids,  which  will  be  con- 
sidered hereafter. 

Formlo  Aoid,  CH,Oj  =  CHO(OH)  —  H.CO.OH.— This  acid  occurs 
in  the  concentrated  state  in  the  bodies  of  ants,  in  the  hairs  and  other 
parts  of  certain  caterpillars,  and  in  stinging  nettles.  It  may  be  produced 
by  the  first,  second,  and  fourth  of  the  above-mentioned  general  methods  of 
forming  the  fatty  acids — ^viz.,  by  the  slow  oxidation  of  methyl  alcohol,  or 
of  formic  aldehyde,  in  contact  with  platinum  black,  and  as  a  potassium 
salt  by  heating  hydrocyanic  acid  (hydrogen  cyanide)  with  an  alooholio 
solution  of  potash  :  — 

HCN    +    KOH    +    H,0    =    NH3    +    CHO(OK)  . 

It  is  also  produced  by  certain  special  reactions — viz.,  1.  By  passing 
carbon  monoxide  over  moist  potassium  hydroxide,  the  gas  being  thereby 
absorbed,  and  producing  potassium  formate  : — 

00        +        HOK        «        COH(OK)  . 

The  absorption  of  the  gas  is  accelerated  by  the  presence  of  a  considerable 
quantity  of  water,  and  still  more  by  alcohol  or  ether. 

2.  By  passing  carbon  dioxide  and  water- vapor  over  potassium  at  a  mode- 
rate heat,  acid  potassium  carbonate,  EHCO,,  being  formed  »t  the  same 
time  :— 

Kj    +    2C0,    +     Ufi    =    KHCO.    -I-     KCHO, . 

3.  By  the  action  of  sodium-amalgam  on  a  strong  solution  of  ammonium 
carbonate,  and  by  boiling  zinc-dust  (a  mixture  of  metallic  zinc,  oxide, 
and  hydrate),  or  zinc  carbonate  with  potash  solution.  In  both  these  cases 
the  production  of  formic  acid  is  due  to  the  nascent  hydrogen,  which,  in 
presence  of  the  alkali,  unites  with  the  CO,  of  the  carbonate : — 

CO,        +        KOH        +        H,  HCO,K        +        H,0 . 

4.  By  distilling  dry  oxalic  acid  either  alone  or  mixed  with  sand  or 
pumice-stone,  or  better,  with  glycerin  : — 

CaHjO^        «        CO,        +        CH,0, 

6.  By  boiling  chloroform  with  alcoholic  solution  of  potash  : 

HCCl,    rf    4K0H    =     3KC1    +    2H,0    +     H.CO.OK . 
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6.  By  the  oxidAtion  of  sugar,  starch,  gum,  and  organic  suhstances  in 
general.  This  reaction  affords  a  convenient  method  of  preparing  the 
acid :  1  part  of  sugar,  3  parts  of  manganese  dioxide,  and  2  parts  of  water, 
are  mixed  in  a  verj  capacious  retort,  or  large  metal  still ;  3  parts  of  oil 
of  vitriol,  diluted  with  an  equal  weight  of  water,  are  then  added,  and 
when  the  first  violent  effervescence  from  the  disengagement  of  carbon  di* 
oxide  has  subsided,  heat  is  cautiously  applied,  and  a  considerable  quan- 
tity of  liquid  distilled  over.  This  is  very  impure :  it  contains  a  volatile 
oily  matter,  and  some  substance  which  communicates  a  pungency  not 
proper  to  formic  acid  in  that  dilute  state.  The  acid  liquid  is  neutralized 
with  sodium  carbonate,  and  the  resulting  formate  purified  by  crystalliza- 
tion, and,  if  needful,  by  animal  charcoal.  From  this  or  any  other  of  its 
salts,  solution  of  formic  acid  may  be  readily  obtained  by  distillation  with 
sulphuric  acid. 

The  best  mode  of  preparation,  however,  consists  in  heating  oxalic  acid 
in  contact  with  glycerin.  Very  concentrated  glycerin  is  added  to  crystal- 
lized oxalic  acid,  C^H^O^  4"  SHjO,  and  the  mixture  is  heated  to  KKP-llCP 
C.  (212O.230O  F.),  whereupon  carbon  dioxide  escapes,  and  dilute  formic 
>acid  distils  over.  As  soon  as  the  evolution  of  gas  ceases,  more  oxalic  acid 
is  added,  and  the  heating  continued,  whereupon  a  stronger  formic  acid 
distils  over,  and  on  further  addition  of  oxalic  acid,  and  heating,  an  acid 
of  constant  strength  (56  per  cent.)  passes  over.  The  course  of  the  reac- 
tion is  as  follows  :  The  crystallized  oxalic  acid,  when  heated,  gives  up  its 
water,  and  the  remainder  forms  with  the  glycerin,  the  monoformic  ether 
of  glycerin,  or  monoformin  : — 

C,H,(OH),    +     CAH,     =    CO,    +    H,0    +    C,H,{^^^>«  ; 

and  the  oxalic  acid  afterwards  added  is  likewise  resolved  into  anhydrous 
acid  and  water,  which  decomposes  the  formin  into  glycerin  and  formic 
acid:— 


C,H,{ 


OCUO    +     ^«^    =     CjHjCOH),     +     CHO.OH. 


The  regenerated  glycerin  reacts  with  the  anhydrous  oxalic  acid,  repro- 
ducing monoformin. 

To  obtain  the  acid  in  its  most  concentrated  state,  the  dilute  acid  is  satu- 
rated with  lead  oxide,  the  liquid  is  evaporated  to  complete  dryness,  and 
the  dried  lead  formate,  reduced  to  fine  powder,  is  very  gently  heated  in  a 
glass  tube  connected  with  a  condensing  apparatus,  through  which  a  cur- 
rent of  dry  sulphuretted  hydrogen  gas  is  passed. 

Pure  anhydrous  formic  acid  is  a  clear,  colorless  liquid,  which  fumes 
slightly  in  the  air,  has  an  exceedingly  penetrating  odor,  boils  at  about 
lOOO,*  and  crystallizes  in  large  brilliant  plates  when  cooled  Ix^low  (P.  The 
specific  gravity  of  the  acid  is  1.233.  Its  vapor  is  inflammable,  and  burns 
with  a  blue  flame.  Concentrated  formic  acid  is  extremely  corrosive,  attack- 
ing the  skin,  and  forming  a  blister  or  an  ulcer,  painful  and  difficult  to  heal. 

Formic  acid  mixes  in  all  proportions  with  water,  alcohol,  and  ether. 
The  aqueous  acid  has  an  odor  and  taste  much  resembling  those  of  acetic 
acid  :  it  reddens  litmus  strongly,  and  decomposes  alkaline  carbonates  with 
effervescence. 

Formic  acid  also  unites  with  water  in  definite  proportion,  forming  a 
hydrate,  CH,Og-|-  H-0,  which  remains  liquid  at  low  temperatures,  and  dis- 
tils at  lOeo  C.  (222.80  F.).  This  hydrate  may  be  regarded  as  a  triatomio 
acid,  viz.,  orthoformic  acid,  HC(OH)j. 

Formic  acid  is  a  powerful  reducing  agent.     It  may  be  readily  distin- 

♦  At  M.60  (Liebig)  j  loo®  (Person) ;  lOLl®  (Roacoe) ;  IO6.6O  (Kopp). 
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guished  from  acetic  acid  hy  heating  it  with  solntion  of  silver  nitrate;  the 
metal  is  thus  reduced,  sometimes  in  the  pulverulent  state,  sometimes  as  a 
specular  coating  on  the  glass  tube,  and  carbon  dioxide  is  eyolved.  Mer- 
curic chloride  is  reduced  hy  formic  acid  to  calomel. 

Formic  acid  heated  with  oil  of  vitriol  splits  up  into  water  and  carbon 
monoxide,  CHjOjSsH^O+CO. 

Chlorine  converts  it  into  hydrochloric  acid  and  carbon  dioxide : 

CHgOj    +     a,    =    2HC1    +     COj. 

Formic  acid  heated  with  strong  bases  is  converted  into  oxalic  acid,  with 
disengagement  of  hydrogen  ;  e.g.^ 

2CH,0g    +     BaO    s=    CgBaO^    +     Hg    +    H,0. 

Formates  . — ^The  composition  of  these  salts  is  expressed  by  the  form- 
ulffi,  MCHOg,  M"(CHOa)„  M'"(CH0,)8,  etc.,  according  to  the  equivalent 
value  of  the  metal  or  other  positive  radicle  contained  in  them.  They  are 
all  soluble  in  water  ;  their  solutions  form  dark-red  mixtures  with  ferric 
salts.  When  distilled  with  strong  sulphuric  acid,  they  give  off  carbon* 
monoxide  and  leave  a  residue  of  sulphate.  The  formates  of  the  alkali- 
metals  heated  with  the  corresponding  salts  of  other  fatty  acids,  yield  a 
carbonate  and  aldehyde  (p.  665). 

Sodium  formate  crystallizes  in  rhombic  prisms  containing  CHO^Na.Aq. 
It  reduces  many  metallic  oxides  when  fused  with  them.  Jhtassium  Jbrmate^ 
CHOjK,  is  difficult  to  crystallize,  on  account  of  its  great  solubility.  Am- 
vionium  formate  crystallizes  in  square  prisms :  it  is  very  soluble,  and  is  do- 
composed  at  high  temperatures  into  hydrocyanic  acid  and  water,  the  ele- 
ments of  which  it  contains  :  CUO,NH4s=2HjO  +  CNH.  The  formates  of 
barium^  strontium,  calcium,  and  magnesium  form  small,  prismatic,  easily  solu- 
ble crystals.  Lead  formate  crystallizes  in  small,  diverging,  colorless 
needles,  which  require  for  solution  40  parts  of  cold  water.  The  manganousj 
ferrous,  zinc,  nickel,  and  cobcdt  formates  are  also  crystallizable.  Cupric  form- 
ate  is  very  beautiful,  crystallizing  in  bright  blue  rhombic  prisms  of  con- 
siderable size.  Silver  formate  is  white,  but  slightly  soluble,  and  decomposed 
by  the  least  elevation  of  temperature. 

Methyl  formate,  CHO^.CHj,  metameric  with  acetic  acid,  is  prepared  by 
heating  in  a  retort  equal  weights  of  neutral  methyl  sulphate  and  sodium 
formate.  It  is  a  very  volatile  liquid,  lighter  than  water,  boiling  between 
360  and  380  C.  (96.8Q-100.4P  F.). 

Ethyl  formate,  CHOj.CjHg,  metameric  with  methyl  acetate  and  propionic 
acid  (p.  484),  is  prepared  by  distilling  a  mixture  of  7  parts  of  dry  sodium 
formate,  10  of  oil  of  vitriol,  and  6  of  strong  alcohol.  The  formic  ether, 
separated  by  the  addition  of  water  to  the  distilled  product,  is  agitated  with 
a  little  magnesia,  and  left  for  several  days  in  contact  with  calcium  chloride. 
Ethyl  formate  is  colorless,  has  an  aromatic  odor,  a  density  of  0.915,  and 
boils  at  560  C.  (132.80  F.).     Water  dissolves  it  to  a  small  extent. 

Ethyl  Ortkoformate,  HCCOCaH^a,  is  produced  by  heating  chloroform  with 
sodium  ethylate  in  alcoholic  solution : 

HCCl,    +    SCjHjONa    «=    SNaCl    +     HCCOCjHj),. 

It  is  a  liquid  having  an  aromatic  odor,  boiling  at  146©  C.  (294.80  F.), 
insoluble  in  water.  When  heated  with  glacial  acetic  acid  it  is  resolved 
into  formate  and  acetate  of  ethyl. 
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Acetic  acid,  C2H402==C2H30(OH)  =  CH,(COOH).— This  acid  is 
found  in  small  quantities  in  the  juices  of  plants  and  in  animal  fluids.  It 
may  be  produced  by  either  of  the  first  seven  general  methods  of  formation 
given  on  pages  685--686,  and  in  particular  by  the  slow  oxidation  of  alcohol. 
When  spirit  of  wine  is  dropped  upon  platinum  black ,  the  oxygen  con- 
densed in  the  pores  of  the  latter  reacts  so  powerfully  upon  the  alcohol  as 
to  cause  its  instant  inflammation.  When  the  spirit  is  mixed  with  a  little 
water,  and  slowly  dropped  upon  the  finely  divided  metal,  oxidation  still 
takes  place,  but  with  less  energy,  and  vapor  of  acetic  acid  is  abundantly 
evolved.  In  all  these  modes  of  formation,  the  acetic  acid  is  ultimately 
producible  from  inorganic  materials.  It  is  also  formed  by  the  action  of 
nascent  hydrogen  on  trichloracetic  acid,  which  may  itself  be  produced  from 
inorganic  materials.  Lastly,  acetic  acid  is  obtained,  together  with  many 
other  products,  in  the  destructive  distillation  of  wood  and  other  vegetable 
substances. 

Preparation, — 1.  Dilute  alcohol,  mixed  with  a  little  yeast,  or  almost  any 
azotizod  organic  matter  susceptible  of  putrefaction,  and  exposed  to  the 
air,  speedily  becomes  oxidized  to  acetic  acid.  Acetic  acid  is  thus  manu- 
factured in  Germany,  by  suff'ering  such  a  mixture  to  flow  over  wood  shav- 
ings steeped  in  a  little  vinegar,  contained  in  a  large  cylindrical  vessel 
through  which  a  current  of  air  is  made  to  pass.  The  greatly  extended 
surface  of  the  liquid  expedites  the  change,  which  is  completed  in  a  few 
hours.    No  carbonic  acid  is  produced  in  this  reaction. 

The  best  vinegar  is  made  from  wine  by  spontaneous  acidification  in  a 
partially  filled  cask  to  which  the  air  has  access.  Vinegar  is  first  intro- 
duced into  the  empty  vessel,  and  a  quantity  of  wine  added  ;  after  some 
days,  a  second  portion  of  wine  is  poured  in,  and  after  similar  intervals,  a 
third  and  a  fourth.  When  the  whole  has  become  vinegar,  a  quantity  is 
drawn  off  equal  to  that  of  the  wine  employed,  and  the  process  is  recom- 
menced. The  temperature  of  the  building  is  kept  up  to  30O  C.  (86^  F.); 
Such  is  the  plan  adopted  at  Orleans.  In  England  vinegar  is  prepared 
from  a  kind  of  beer  made  for  the  purpose.  The  liquor  is  exposed  to  the 
air  in  half-empty  casks,  loosely  stopped,  until  acidification  is  complete. 
Frequently  a  little  sulphuric  acid  is  afterwards  added,  with  the  view  of 
checking  further  decomposition,  or  mothering,  by  which  the  product  would 
be  spoiled. 

When  dry,  hard  wood,  as  oak  and  beech,  is  subjected  to  destructive  dis- 
tillation at  a  red  heat,  acetic  acid  is  found  among  the  liquid  condensable 
products  of  the  operation.  The  distillation  is  conducted  in  a  large  iron 
cylinder,  to  which  a  worm  or  condenser  is  attached ;  a  sour,  watery  liquid, 
a  quantity  of  tar,  and  much  infiammable  gas  pass  over,  while  charcoal  of 
excellent  quality  remains  in  the  retort.  The  acid  liquid  is  subjected  to 
distillation,  the  first  portion  being  collected  apart  for  the  preparation  of 
wood-spirit.  The  remainder  is  saturated  with  lime,  concentrated  by  evap- 
oration, and  mixed  with  the  solution  of  sodium  sulphate  ;  calcium  sulphate 
is  thereby  precipitated,  while  the  acetic  acid  is  transferred  to  the  soda.  The 
filtered  solution  is  evaporated  to  its  crystallizing  point ;  and  the  crystals 
are  drained  as  much  as  i)ossible  from  the  dark,  tarry  mother-liquor,  and 
deprived  by  heat  of  their  combined  water.  The  dry  salt  is  then  cautiously 
fused,  by  which  the  last  portions  of  tar  are  decomposed  or  expelled :  it  is 
then  redissolved  in  water,  and  recrystallized.  Pure  sodium  acetate,  thus 
obtained,  readily  yields  acetic  acid  by  distillation  with  sulphuric  acid. 

The  strongest  acetic  acid  is  prepared  by  distilling  fini!ly  powdered  anhy- 
drous sodium  acetate  with  three  times  its  weight  of  strong  sulphuric  acid. 
The  liquid  is  purified  by  rectification  to  free  it  from  sodium  sulphate  acci- 
dentally thrown  up,  and  exposed  to  a  low  temperature.    Crystals  of  pure 
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alumina   (already  described  nnder  Alukiniith,   p.   341),   remaining  in 
solution. 

Manganese  acetate  forms  colorless,  rhombic,  prismatic  crystals,  permanent 
in  the  air.  Ferrous  acetate  crystallizes  in  small,  greenish-white  needles, 
very  prone  to  oxidation ;  both  salt*  dissolve  freely  in  water.  Ferric  acetate 
is  a  dark,  brownish-red,  uncrystallizable  liquid,  of  powerful  astringent 
taste.  Cobalt  acetate  forms  a  violet-colored,  crystalline,  deliquescent  mass. 
The  nickel  salt  separates  in  green  crystals,  which  dissolve  in  6  parts  of 
water. 

Lead  Acbtatbs. — ^The  normal  salty  PbCC^HgO,), -f-  3Aq.,  is  prepared  on  a 
large  scale  by  dissolving  litharge  in  acetic  acid ;  it  may  be  obtained  in 
colorless,  transparent,  prismatic  crystals,  but  is  generally  met  with  in 
commerce  as  a  confusedly  crystalline  mass,  somewhat  resembling  loaf-sugar. 
From  this  circumstance  and  from  its  sweet  taste,  it  is  often  called  sugar  of 
lead.  The  crystals  are  soluble  in  about  1^  parts  of  cold  water,  effloresce  in 
dry  air,  and  melt  when  gently  heated  in  their  water  of  crystallization  ; 
this  water  is  easily  driven  off,  and  the  anhydrous  salt  obtained,  which 
melts,  and  afterwards  decomposes,  at  a  high  temperature.  Acetate  of  lead 
is  soluble  in  alcohol.  The  aqueous  solution  has  an  intensely  sweet,  and 
at  the  same  time,  astringent  taste,  and  is  not  precipitated  by  ammonia. 
It  is  an  article  of  great  value  to  the  chemist. 

Basic  Acetates  (^Suhacetates)  of  Lead.'-^A  sesquihasic  acetate^ 
2Pb(C2H302)2*PbO,  is  produced  when  the  neutral  anhydrous  salt  is  so  far 
decomposed  by  heat  as  to  become  converted  into  a  porous  white  mass,  de- 
composable only  at  a  much  higher  temperature.  It  is  soluble  in  water,  and 
separates  from  the  solution  evai)orated  to  a  syrupy  consistence  in  the  form 
of  crystalline  scales.  A  triplumbie  acetate^  Pb(C.^H302)t.2PbO,  is  obtained 
by  digesting,  at  a  moderate  heat,  7  parts  of  finely  powdered  litharge,  6 
parts  of  lead  acetate,  and  30  parts  of  water ;  or,  by  mixing  a  cold  saturated 
solution  of  neutral  lead  acetate  with  a  fifth  of  its  volume  of  caustic  ammo- 
nia, and  leaving  the  whole  for  some  time  in  a  covered  vessel.  The  salt 
separates  in  minute  needles  containing  one  molecule  of  water.  The  solu- 
tion of  basic  acetate  prepared  by  the  first  method  is  known  in  pharmacy 
under  the  name  of  Goulard  water.  There  is  also  a  sexpiwmbic  acetate^ 
Pb(C2H,02)2.5PbO,  formed  by  adding  a  great  excess  of  ammonia  to  a  solu- 
tion of  normal  lead  acetate,  or  by  digesting  the  normal  salt  with  a  large 
quantity  of  oxide.  It  is  a  white,  slightly  crystalline  substance,  insoluble 
in  cold,  and  but  little  soluble  in  boiling  water.  The  solutions  of  the  basic 
lead  acetates  have  a  strong  alkaline  reaction,  and  absorb  carbonic  acid 
with  the  greatest  avidity,  becoming  turbid  from  precipitation  of  basic 
carbonate. 

CrPRic  Acetates. — The  normal  acetate,  CuCCjHgOg),-!- Aq.,  is  prepared 
by  dissolving  verdigris  in  hot  acetic  acid,  and  leaving  the  filtered  solution 
to  cool.  It  forms  beautiful  dark-green  crystals,  which  dissolve  in  14  parts 
of  cold  and  6  parts  of  boiling  water,  and  are  also  soluble  in  alcohol.  A 
solution  of  this  salt,  mixt^  with  sugar  and  heated,  yields  cupric  oxide  in 
the  form  of  minute  red  octohedral  crystals :  the  residual  copper  solution 
is  not  precipitated  by  an  alkali.  Cupric  acetate  yields,  by  destructive 
distillation,  strong  acetic  acid  containing  acetone  and  contaminated  with 
copper.  The  salt  is  sometimes  called  distilled  verdigris,  and  is  used  as  a 
pigment. 

Basic   Cupric  Acetates. — Common  verdigris,  made  by  exposing 
plates  of  copper  to  the  air  for  several  weeks,  in  contact  with  acetic  acid  or 
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the  maro  of  grapes,  is  a  mixture  of  several  basic  cnpric  acetates,  which 
have  a  green  or  blue  color.  One  of  these,  2Cu(C2H302)2.Cu04-  6Aq.,  is 
obtained  by  digesting  the  powdered  verdigris  in  warm  water,  and  leaving 
the  soluble  part  to  spontaneous  evaporation.  It  forms  a  bine,  crystalline 
mass,  but  little  soluble  in  cold  water.  When  boiled,  it  deposits  a  brown 
powder,  which  is  a  subsalt  with  large  excess  of  base.  The  green  insoluble 
residue  of  the  verdigris  contains  Cu(C2H50,)j.2CuO  4-  3Aq. ;  it  may  be 
formed  by  digesting  normal  cupric  acetate  with  the  hydrated  oxide.  By 
boiling  with  water  it  is  resolved  into  normal  acetate  and  the  brown  basic 
salt. 

SiLVBR  Acetate,  AgCoHjO.^,  is  obtained  by  mixing  potassium  acetate  with 
silver  nitrate,  and  wasliing  the  precipitate  with  cold  water  to  remove  the 
potassium  nitrate.  It  crystallizes  from  a  warm  solution  in  small  colorless 
needles,  which  have  but  little  solubility  in  the  cold. 

Merairous  acetate  forms  small  scaly  crystals,  which  are  as  feebly  soluble 
as  those  of  acetate  of  silver.     Mercuric  acetate  dissolves  with  facility. 

Methyl  Acetate,  CH3.C2H3O,,  occurs  in  crude  wood-spirit.  It  is  prepared 
by  distilling  2  parts  of  methyl  alcohol  with  1  part  of  glacial  acetic  acid  and 
1  part  of  sulphuric  acid,  or  1  part  of  methyl  alcohol  with  1  partjof  potas- 
sium acetate  and  2  parts  of  sulphuric  acid.  When  purified  by  rectification 
over  calcium  chloride  and  quick-lime,  it  forms  a  colorless  fragrant  liquid, 
of  sp.  gr.  0.9562  at  (P,  boiling  at  550  or  560  C.  (1310-132.80  F.).  It  dis- 
solves in  water,  and  mixes  in  all  proportions  with  alcohol  and  ether. 

Ethyl  Acetate,  CjHj.C^HgO,,  may  be  prepared  by  heating  together  in  a 
retort,  3  parts  of  potassium  acetate,  3  parts  of  strong  alcohol,  and  2  parts 
of  oil  of  vitriol.  The  distilled  product  is  mixed  with  water,  to  separate 
the  alcohol,  digested  first  with  a  little  chalk,  and  afterwards  with  fused 
calcium  chloride,  and,  lastly,  rectified.  The  pure  ether  is  an  exceedingly 
fragrant  limpid  liquid,  having  a  density  of  0.9105  at  OO,  0.9068  at  150  C. 
(590  F.),  and  boiling  at  77^  C.  (170.60  F.).  Alkalies  decompose  it  in  the 
manner  already  mentioned  (p.  688).  When  treated  with  aihmonia,  it 
yields  acetamide^  NHjC^HjO. 

On  the  reaction  of  ethyl  acetate  and  homologous  ethers  with  sodium  and 
the  iodides  of  alcohol-radicles,  see  p.  686 ;  also  CARBOKETOsfic  Acids. 

Amyl  Acetate,  CjHji.CjHjiOg,  prepared  in  a  similar  manner  from  ordinary 
amyl  alcohol,  boils  at  140O  C.  (2840  F.).  It  possesses  in  a  remarkable 
manner  the  odor  of  the  Jargonelle  pear,  and  is  manufactured  on  a  large 
scale  for  flavoring  liquors  and  confectionery. 

Ethene  Acetates. — ^These  compounds  may  be  derived  from  ethene  alco- 
hol (glycol)  by  substitution  of  one  or  two  equivalents  of  acetyl  for  hydro- 

{OH 
OC  H  O*   ^  produced  by  heating  ethene  di- 

bromide  with  an  alcoholic  solution  of  potassium  acetate.  The  product  is 
distilled,  the  portion  coming  over  at  1820  C.  (359. 60  p.)  being  kept  sepa- 
rate. It  is  a  colorless,  oily  liquid,  miscible  in  every  proportion  with  water 
or  alcohol.     Hydrochloric  acid  gas  passed  into  ethene  monacetate  converts 

{CI 
or  H  o  '  ^^J<^^ 

is  precipitated,  on  addition  of  water,  as  an  oily  liquid  boiling  at  1450  C.  ' 
(2930  F.).     Treatment  with  potash  decomposes  it  into  ethene  oxide,  potas- 
sium acetate,  and  potassium  chloride. 
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EthenediacetatejCi^l^i  QQ^YiQi  is  prepared  bj  digesting  a  mixture  of 

ethene  dibromide,  silver  acetate,  and  glacial  acetic  acid  in  the  water-bath, 
and  exhausting  the  digested  mass  with  ether.  On  distilling  the  ethereal 
solution,  the  ether  first  passes  over,  then  the  acetic  acid,  and  lastly,  when 
the  temperature  has  reached  1870  C.  (368.60  F.)»  ethene  diacetate.  It  is  a 
colorless,  neutral  liquid,  of  sp.  gr.  1.128  at  OO,  boiling  at  186©  C.  (366.80F.), 
soluble  in  7  parts  of  water  and  in  every  proportion  in  alcohol  and  ether. 
By  distillation  with  potash  it  yields  ethene  alcohol,  or  glycol,  C,U4(UO),. 

Propentl  or  Glyceryl  Acetates  ;  Acktins. — These  ethers  are  derived 
from  propenyl  alcohol  (glycerin)  by  substitution  of  1,  2,  or  3  equivalents 
of  acetyl  for  hydrogen.  The  formula  of  glycerin  being  (C,H5)(0H),,  those 
of  the  three  acetius  arc  : 

Monoacetin  ....  (C3H0(OH)2(OCjHjO) 
Diacetin  ....  (C3H5)(OH)(OC,H,0), 
Triacetin      ....     (C8Hj)(OC,HsO)j. 

They  are  oily  liquids,  produced  hy  heating  glycerin  and  acetic  acid  to- 
gether, in  various  proportions,  in  sealed  tubes. 

Acetic  Chloride  or  Acetyl  Chloride,  CjHgOCl. — ^This  com- 
pound, which  has  the  constitution  of  acetic  acid  with  chlorine  substituted 
for  hydroxyl,  is  produced,  as  already  observed  (p.  688),  by  the  action  of 
phosphorus  trichloride,  pentachloride,  or  oxychloride  on  glacial  acetic  acid. 
The  product  heated  with  water  and  dilute  soda-solution,  to  remove  phos- 
phorus oxychloride  and  hydrochloric  acid,  and  then  rectified,  yields  acetic 
chloride  as  a  colorless  liquid,  having  a  suffocating  odor,  and  emitting  denso 
fumes  of  hydrochloric  acid  in  contact  with  the  air.  It  has  a  density  of 
1.1305  at  a^,  boils  at  55©  C.  (131©  p.),  and  is  decomposed  by  water  and 
alkaline  solutions,  yielding  hydrochloric  and  acetic  acids. 

Acetic  Oxide  or  Anhydride,  C4Hg03  =s (C2HjO),0,  sometimes 
called  Anhydrous  Acetic  acid. — ^This  compound  is  obtained  : 

1.  By  the  action  of  acetyl  chloride  on  potassium  or  sodium  acetate : 

CjHjO^ONa)     4-     CjHjOCl    =    NaCl    +     (C,H,0),0. 

2.  By  heating  sodium  acetate  with  benzoyl  chloride,  C^HsOCl,  whereby 
benzo-acetic  oxide,  (CiHjO)  (€71150)0,  is  formed  in  the  first  instance,  and 
subsequently  resolved  into  acetic  and  benzoic  oxides,  the  former  distilling 
over,  while  the  latter  remains : 

C2H30(ONa)    +    C^HgOa    =    NaO    -|-    Cfifi.O.C^Hfi 

ana  : 

2(C,H,O.O.C7H50)     =     (C^llfi)fi    +     (C^nfi)fi. 

Acetic  oxide  is  a  heavy  oil  which  boils  at  121©  C.  (249.80  p.),  and  dis- 
solves slowly  in  water,  being  gradually  converted  into  acetic  acid  : 

(C2H,0),0    -f     H,0    =     2CaH30(OH). 

Acetyl  Peroxide,  (CjHaO)^^,  obtained  by  adding  barium  dioxide  to  an 
ethereal  solution  of  acetyl  monoxide,  is  a  viscid  liquid,  which  explodes 
with  violence  when  heated,  and  acts  as  a  powerful  oxidizing  agent. 
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Acids  derived  /rom  Acetic  Acid  by  Subrtitution. 

Chloracetio  Adds.  — The  three  acids,  CjHgClO,  Cfi^Clfi.^,  and 
C^UCljOj,  are  produoed  hy  the  action  of  chlorine  on  acetic  acid  in  sun- 
shine ;  the  second,  however,  is  formed  in  small  quantity  only,  the  first  or 
the  third  being  produced  in  greatest  abundance  according  as  the  acetic  acid 
or  the  chlorine  is  in  excess. 

Monochl  or  acetic  acid,  CHjCl.COOH,  is  produced,  according  to  R. 
Hoffmann,  by  the  action  of  chlorine  on  boiling  glacial  acetic  acid  in  sun- 
shine. Dr.  H.  Miiller  finds  that  the  formation  of  monochloracetic  acid  is 
facilitated  by  dissolving  a  little  iodine  in  the  hydrated  acetic  acid,  and 
passing  a  stream  of  chlorine  through  the  boiling  solution.  On  submitting 
the  products  of  this  reaction  to  repeated  distillation,  monochloracetic  acid 
is  obtained  as  a  liquid,  boiling  at  186*0  C.  (366. 80  p.),  and  solidifying  to  a 
crystalline  mass,  which  melts  at  620  C.  (143.60  F.),  and  dissolves  easily 
in  water.  Heated  with  potash,  it  is  converted  into  potassium  glycoUate, 
KCjHjOj  (p.  689). 

CjHsClO,    +     2KH0    a=    KCl    +    KCjHjO,    +     H^O. 

Dichloracetic  acid,  CHCl^COOH,  is  produced,  together  with  the  pre- 
ceding compound,  by  the  action  of  chlorine  and  iodine  on  boiling  acetic 
aci  I,  and  is  found  in  the  portion  of  the  product  which  boils  alcove  18SO  C. 
(370.40  P.).  According  to  Maumen^,  it  may  be  obtained  by  exposing 
monochloracetic  acid  in  flasks  to  the  action  of  dry  chlorine  (5  atoms  of 
chlorine  to  3  molecules  of  chloracetic  acid)for  twenty-four  hours,  warming 
the  product  to  expel  hydrochloric  acid  and  then  distilling.  It  is  a  liquid 
having  a  specific  gravity  of  1.5216  at  150  C.  (59©  p.),  and  boiling  at 
190-1910  C.  (374-375. 80  p.).  According  to  MQller,  it  remains  liquid  when 
cooled  ;  but  according  to  Maumend,  it  crystallizes  in  rhombohedral  plates. 
It  forms  a  soluble  silver  salt,  AgC^HCUO.^,  which  is  decomposed  when  its 
solution  is  heated  with  silver  oxide  to  75©  or  8(K:>C.  (1670-1760F.),  giving 
off  a  mixture  of  carbon  monoxide  and  dioxide  : 

2AgC,HCl20,  +  3Ag,0  =  2C0  +  2C0,  +  4AgCT  +  2Agj  -f  H,0. 

Trichloracetic  acid,  CClj.COOH. — Discovered  by  Dumas.  When  a 
small  quantity  of  crystallizable  acetic  acid  is  introduced  into  a  bottle  of 
dry  chlorine  gas,  and  the  whole  exposed  to  the  direct  solar  rays  for  sev«»ral 
hours,  the  interior  of  the  vessel  is  found  coated  with  a  white  crystalline 
substance,  which  is  a  mixture  of  trichloracetic  acid  with  a  small  quantity 
of  oxalic  acid. 

Trichloracetic  acid  may  also  be  produced  synthetically,  viz.,  by  the  action 
of  chlorine  and  water  on  carbon  dichloride,  C^Cl^,  this  compound  first 
taking  up  2  atoms  of  chlorine  and  forming  carbon  trichloride,  C^Cl^,  and 
the  latter  being  converted  by  the  water  into  hydrochloric  and  trichloracetic 
acidfl: 

CjClg    4-     2HaO    «=    3HC1    +     CjHajO,. 

Trichloracetic  acid  is  a  colorless  and  extremely  deliquescent  substance  : 
it  has  a  faint  odor,  and  sharp  caustic  taste,  bleaching  the  tongue  and  de- 
stroying the  skin ;  the  solution  is  powerfully  acid.  It  melts  at  520  C. 
(125.60  p.),  and  boils  without  decomposition  at  195-200O  C.  (383-3920 
P.),  giving  off  a  very  irritating  vai)or.    The  density  of  the  fused  acid  is 

1.617. 

PUasstium  trichlnracetate,  2KC.^n.,02.Aq.,  crystallizes  in  fibrous  silky  nee- 
dles, permanent  in  the  air.     The  amnioniutn-saltj  2{Nll^)C2C\fi  -\-  5Aq.,  is 
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also  crystallizable  and  neutral.  The  gilver-salt,  AgC^Cifi^f  is  soluble,  and 
crystallizes  in  small,  grayish  scales,  easily  altered  by  light. 

Trichloracetic  acid  boiled  with  excess  of  ammonia  yields  ammonium 
carbonate  and  chloroform : 

CaHClsO,    +     2NH,    +     Bfi    =     (NH,),^,    +     CHCI3. 

With  caustic  potash,  it  yields  a  smaller  quantity  of  chloroform,  together 
with  potassium  chloride,  carbonate,  and  formate.  The  chloride  and  formate 
are  secondary  products  of  the  reaction  of  the  alkali  upon  the  chloroform. 

Nascent  hydrogen  reduces  trichloracetic  to  acetic  acid.  When  potassium 
or  sodium  amalgam  is  put  into  a  strong  aqueous  solution  of  trichloracetio 
acid,  the  temperature  of  the  liquid  rises,  without  disengagement  of  gas, 
and  the  solution  is  found  to  contain  acetate  and  chloride  of  potassium  or 
sodium,  together  with  caustic  alkali. 

Bromacetio  Acids. — ^The  mono-  and  (/i-brominated  acids  are  formed 
by  heating  acetic  acid  or  ethyl  acetate  with  bromine  in  sealed  tubes  to 
180O  C.  (3560  F  ).  CHjBr.COjH  crystallizes  in  deliquescent  rhomlwhe- 
drons,  and  boils  at  208O  C.  (40G.4O  F.).  Its  ethylic  ether  is  a  liquid  boiling 
at  1590  C.  (318. 2P  F.).  The  acid  is  converted  by  ammonia  into  glycerin 
(p.  690).  CjHBrj.COjH  is  a  crystalline  mass  melting  at  45Q-50O  C.  (1130- 
1220  F.),  and  boiling  at  232Q-2340  C.  (449.6Q-453.20  F.).  Heated  with 
moist  silver  oxide  it  yields  bromo-glycoUic  acid,  CgHgBrO,.  Its  ethylic 
ether  boils  at  192Q-1950  C.  (377.6Q-3830  F.).  THbromacetic  Acid,  CjEr,. 
COjH,  is  produced  by  the  action  of  water  on  tribromacetyl  bromide,  CBr,. 
COCl,  and  by  oxidation  of  bromal,  CBrj.COH,  with  nitric  acid.  It  forms 
deliquescent  crystals,  melts  at  130O  C.  (266©  F.),  and  boils  at  2450  C. 
(4730  F.). 

lodacetlo  Aotd,  mono-  and  <fi-,  are  obtained  by  heating  the  chlorinated 
or  brominated  acids  with  potassium  iodide ;  also  by  heating  acetic  anhy- 
dride with  iodide  and  iodic  acid.  CgH^LCOgM  crystallizes  in  colorless 
laminae,  melting  with  partial  decomposition  at  820  C.  (179. 6O  F.);  recon- 
verted into  acetic  acid  by  boiling  with  HI«  Its  ethylic  ether  boils  at 
178Q-180O  C.  (352.40-3560  F.). 

Cyanacetic  Aoid,  CgHgNOj  =  CH,(CN).C02H,  formed  by  heating 
monochloracotio  acid  with  potassium  cys^ide  and  water,  is  a  crystalline 
mass  melting  at  about  8OO  C.  (1760  F.),  and  decomposed  at  1650  C.  (3290 
F.)  into  CO  and  acetonitril,  CH,.CN. 

^  Thiacetio  Add,  CaH^OS,  or  CHj. COSH. —This  acid,  discovered  by 
Eekul6,  is  formed  by  the  action  of  phosphorus  pentasulphide  on  glacial 
acetic  acid : 

5C,H30(OH)     +     P2S5    =    PjOj    =    5CjH30(SH). 

Thiacetic  acid  is  a  colorless  liquid,  boiling  at  930  C.  (199.40  F.);  It 
smells  like  acetic  acid  and  hydrogen  sulphide.  With  solution  of  lead 
acetate,  it  forms  a  crystalline  precipitate  containing  (C2Hj0S)aPb. 


Propionic  Acid,  CjHgO,  =  C3HjO(OH)  =  CgHg.CO.OH.— This 
acid  is  produced :  1.  As  a  potassium-salt,  by  the  combination  of  carbon 
dioxide  with  potassium-ethyl :  CO,  +  C^H^K  =  C0(CgH5)0K.  2.  By  the 
action  of  acids  or  alkalies  on  ethyl  cyanide  (p.  686).     3.  By  the  simulta- 
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neons  action  of  water  and  carbonjl  chloride  on  ethane  (p.  686).  4.  By  the 
oxidation  of  normal  propyl  alcohol  (p.  589),  and  of  propionic  aldehyde, 
CjUgO.  5.  Together  with  acetic  acid,  by  oxidizing  propione,  C,Ii|oO, 
with  dilute  chromic  acid.  This  is  the  process  by  which  it  was  first  ob- 
tained. 6.  From  lactic  acid  and  from  glyceric  acid  by  the  action  of  hy- 
driodic  acid : 

CjHeO,    +    2HI    =    C,H,0,    +     H,0    +     I,. 
Lactic  acid. 

CaHeO^    +     4HI     =    C^iifi^    +     2HaO    +     21,. 
Glyceric  acid. 

7.  Together  with  several  other  products,  in  the  fermentation  of  glycerin, 
and  likewise  of  sugar,  by  the  action  of  putrid  cheese  in  presence  of  cal- 
cium carbonate. 

Propionic  acid  is  usually  prepared  by  the  second  of  the  above-mentioned 
processes.  Ethyl  cyanide  is  added  by  drops  to  a  moderately  strong  solution 
of  potash  heated  in  a  tubulated  retort,  the  distillate  being  repeatedly 
poured  back  as  long  as  it  smells  of  ethyl  cyanide.  The  residue  in  the  re- 
tort, consisting  of  potassium  propionate,  is  then  evaporated  down  to  dry- 
ness, and  distilled  with  syrupy  phosphoric  acid. 

Propionic  acid  is  a  colorless  liquid,  having  a  specific  gravity  of  0.992  at 
ISO  C.  (64.40  F.),  and  boiling  at  140©  C.  (2840  F.).  It  is  soluble  in  water, 
and  when  the  water  is  quite  saturated  with  it,  the  excess  of  acid  floats  on 
the  surface  in  the  form  of  an  oil. 

The  propionates  are  soluble  in  water.  The  barium  salty  (C3HjO,)Ba-|-  H^O, 
crystallizes  in  rhombic  prisms,  and  yields  propione  by  dry  distillation. 
The  silver  saltf  C3H502Ag,  crystallizes  in  slender  needles. 

Substitution-products. — The  replacement  of  one  hydrogen-atom  in  propionic 
acid  by  a  haloid  element,  X,  yields  two  series  of  substitution-products 
distinguished  as  a  and  & ;  viz. : 

CHj— CHX— CO,H  CH,X— CHg— CO,H 

Ckloropropionic  acids j  C^UfilO^. — ^The  «-acid  is  formed  by  decom- 
posing lactyl  chloride  with  water : 

CH^— CUCl— C0,C1  4-  H,0  =  HCl  +  CH3— CHCl— COjH. 

It  is  a  thick  liquid  of  specific  gravity  1.28,  and  boiling  at  186©  C.  (366.80 
F.).  When  heated  with  moist  silver  oxide,  it  is  converted  into  a-lactic 
acid,  CHj — CUOII — CO,H.  Its  ethvlic  ether,  obtained  by  heating  lactyl 
chloride  with  alcohol,  boils  at  1440  C.  (291.20  p.). 

The  /9-acid  is  produced  by  the  action  of  chlorine-water  on /9-iodopropionio 
acid,  and  by  addition  of  hydrogen  chloride  to  acrylic  acid,  C3II4O, : 

CH— CH— COjH    +     CIH    =    CHjCl— CHj— CO,H. 

It  is  crystalline,  and  melts  at  40.5°  C.  (104.90  F.).  Its  ethylic  ether  boils 
at  about  1550  C.  (311^  F.). 

Bromopropionie  acids y  C3H5BrO,. — ^The  a-acid  is  obtained  by  the 
action  of  bromine  on  propionic  acid,  and  by  heating  s-lactic  acid  (ordinary 
lactic  acid)  with  hydrobromio  acid,  is  a  liquid  which  solidifies  at  -— 170,G. 
(1.4P  F.),  and  Iwils  at  202O  C.  (395.(JO  p.).  Its  ethylic  ether  smells  ttke 
camphor,  and  boils  at  190O  C.  (3740  P.).  Alcoholic  ammonia  converts  it 
into  «-amidopropionic  acid  or  alanine,  C8H3(NH2)0,  (see  Amides).  The 
^acid,  formed  by  the  action  of  bromine-water  on  ^iodopropionic  acid,  and 
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by  addition  of  hydrobromic  acid  to  acrylic  acid,  is  crystalline,  and  melts 
at  6I.50  C.  (142. 70  F.). 

a-Iodopropionic  acid,  CglljIO,,  is  a  thick  oil,  obtained  by  the  action 
of  phosphorus  iodide  on  a-lactio  acid. 

The  /9-acid  is  obtained  by  the  action  of  phosphorus  iodide  and  a  small 
quantity  of  water  on  glyceric  acid  : 

CHjOH.CHOH.COjH  +  3HI  =  CH,LCH,.CO,H  +  2H,0  +  I, ; 

also  by  addition  of  hydriodic  acid  to  acrylic  acid.  It  crystallizes  in  large 
colorless  six-sided  plates,  having  a  x>eculiar  odor,  and  melting  at  820  C. 
(179, GO  F.)  ;  easily  soluble  in  hot  water.  By  heating  with  strong  hydri- 
odic acid,  it  is  reduced  to  propionic  acid. 

The  di-substitution  products  of  propionic  acid  admit  of  three  modifica- 
tions, viz. : 

CH,— CXj— CO,H        CH,X— CHX— COjH        CHX,— CH,— CO,H 
a.  &.  y. 

The  first  two  modifications  of  the  chlorine  and  bromine  derivatives  are 
known. 

a-Dibromopropionic  aciJf  CHj — CBrg — COjH,  obtained  by  direct  bromina^ 
tion  of  propionic  or  «-bromopropionic  acid,  melts  at  610  C.  (141. 80  F.),  and 
boils  at  2200  C.  (4280  F.).     Its  ethylic  ether  boils  at  190©  C.  (3740  F.). 

&-Dibromopropionic  acid^  CHjBr — CHBr— COjH,  obtained  by  oxidation  of 
dibromopropyl  alcohol,  CjH^BrjO  (formed  by  addition  of  bromine  to  allyl 
alcohol),  and  by  addition  of  Br,  to  acrylic  acid,  CHj^^CII — CO,H,  forms 
crystals  easily  soluble  in  water,  melting  at  65°  C.  (1490  F.),  decomposed 
by  distillation.     The  ethylic  ether  boils  at  2120  C.  (413.60  F.). 

A-Dichloropropionic  acid^  CH, — CClg — COjH.  The  ethylic  ether  of  this 
acid  is  formed  by  the  action  of  alcohol  on  the  chloride,  CH^— CO— ^OCl, 
produced  by  the  action  of  phosphorus  pcntachloride  on  pyroracemic  acid, 
CHj — CO — coon.  It  is  a  colorless  liquid,  having  a  pleasant  odor  of  apples, 
a  specific  gravity  of  1.2493  at  OO,  and  boiling  at  160O  C.  (320O  F.).  Heated 
with  water  to  150O  c.  (302O  F.),  it  is  converted  into  pyroracemic  acid. 

Q-Dichlorojtropionic  acid^  CHjCl — CHCl — COjU,  is  formed  by  the  action  of 
water  on  the  chloride  obtained  by  heating  glyceric  acid  with  phosphorus 
pcntachloride. 

Bntyrlc  aold,  C^gOjasC.H^.COjH.— Of  this  acid  there  are  two 
modifications,  viz. : 

CHjCHaCH,  CH(CH,), 

COOH  COOH 

Normal  butyrio.  laobutyria 

Normal  Bntyrio  aold,  also  called  Fermentation  Butyricy  PropyUformiCy 
and  ICthyl-acetic  acid,  occurs,  either  free  or  combined  with  bases,  in  tama- 
rinds and  a  few  other  plante,  in  certain  beetles,  in  flesh-jnioe,  in  human 
perspiration,  and  in  various  kinds  of  decomposing  vegetable  and  animal 
matter.  As  a  glyceride,  it  occurs  in  various  animal  and  vegetable  fats, 
especially  in  the  butter  of  cows*  and  goats'  milk ;  as  a  hexyl  ether  in  the 
oil  of  Ileraclewn  giganteanij  and  as  an  octyl  ether  in  oil  of  parsnep  {Ihsti' 
naca  sativa).  It  is  formed  by  the  oxidation  of  normal  butyl  alcohol;  by 
the  action  of  nascent  hydrogen  on  crotonio  acid,  CH, — CHZICH^-CO,H  ; 
by  heating  normal  propyl  cyanide  (butyronitril)  with  alkalies  or  acids ; 


i 


BUT7BIC    AOID.  703 

by  the  action  of  sodiam  and  ethyl  iodide  on  ethyl  acetate  (p.  687)  ;  and 
by  the  fermentation  of  sugar  in  contact  with  putrid  cheese. 

This  last  reaction  affords  the  most  convenient  method  of  preparing  the 
acid.  The  fermentation  takes  place,  however,  only  in  neutral  liquids,  so 
that  it  is  necessary  to  add  chalk,  in  order  to  neutralize  the  acid  as  fast  as 
it  is  formed.  The  sugar  is  first  converted  into  lactic  and  afterwards  into 
butyric  acid.  The  following  proportions  give  a  good  result,:  6  pounds  of 
cane-sugar  and  half  an  ounce  of  tartaric  acid  are  dissolved  in  26  pounds 
of  boiling  water,  and  the  solution  is  left  for  some  time  to  allow  the  cane- 
sugar  to  pass  into  grape-sugar.  To  this  solution  about  4  ounces  of  decayed 
cheese  diffused  in  8  pounds  of  sour  skim-milk,  together  with  3  pounds  of 
chalk,  are  added,  and  the  whole  is  kept  for  some  weeks  at  a  temperature 
of  30O-35O  C.  (86Q-950  F.).  The  mixture  is  frequently  stirred,  and  gene- 
rally solidifies  in  ten  or  twelve  days  to  a  thick  mass  of  calcium  lactate. 
This,  however,  soon  disappears,  the  mixture  becoming  liquid,  and  the  lac- 
tate being  converted  into  butyrate,  with  simultaneous  evolution  of  carbon 
dioxide  and  hydrogen :— 

2C,HeOs    =    C,HA    +    2C0,    +     2H, . 

When  fermentation  is  completed,  a  solution  of  8  pounds  of  crystallized 
sodium  carbonate  is  added,  and  the  filtered  liquid,  after  concentration,  is 
decomposed  by  sulphuric  acid.  Butyric  acid  then  separates  as  an  oily 
layer,  which  is  dried  over  calcium  chloride  and  rectified. 

Butyric  acid  is  a  viscid  liquid  having  a  rancid  odor,  solidifying  at  — 120 
C.  (10.4P  F.),  and  boiling  at  163°  C.  (325.40  F.).  Specific  gravity  0.958 
at  14P  C.  (57.2P  F.).  It  dissolves  easily  in  water  and  in  alcohol^  and  sepa- 
rates from  the  aqueous  solution  on  addition  of  salts. 

The  metallic  butyrates  are,  for  the  moat  part,  soluble  in  water  and  crys- 
tallizable.  The  calcium  salt,  (C4H,0,)Ca  -j-  H,0,  forms  shining  laminae, 
and  is  more  soluble  in  cold  than  in  hot  water.  The  silver  salt,  C^H.O^Ag,  crys- 
tallizes in  shining  laminse,  soluble  in  400  parts  of  water  at  14^  C.  (57.2^ 
F.). 

Ethyl  Butyrate,  C^HfO^.CglL,  is  a  liquid  having  a  pleasant  fruity  odor, 
and  boiling  at  1190  C.  (246.^  F.). 

The  butyrates  unite  with  acetates,  forming  double  salts,  which  react 
like  salts  of  butyraoetic  acid,  Cfifi^.C^Hfi^,  isomeric  with  propi- 
onic acid.  Tliis  acid,  obtained  in  the  free  state  by  the  fermentation  of 
calcium  tartrate,  differs  from  propionic  acid  in' being  resolved  by  distilla- 
tion into  butyric  and  acetic  acids. 

A  monochlorobutyric  acid,  C4H7CIO2,  crystallizing  in  slender  needles  and 
melling  at  990  C.  (21 OO  F.),  is  formed  by  the  action  of  chlorine  on  butyric 
acid  in  presence  of  iodine. 

Out  of  five  possible  monobromobutyric  acids,  two,  viz., 

CH^— CHa— CHBr— CO,H  CH,— CHBp— CHj— CO,H 

are  formed  by  the  addition  of  HBr  to  crotonic  acid.  The  action  of  bromine 
on  butyric  acid  yields  chiefly  the  a-acid,  the  ethylic  ether  of  which  boils 
at  170O-172O  C.  (338Q-341.60  F.).  The  two  acids  are  converted  by  boil- 
ing with  potash-solution  or  moist  silver  oxide  into  the  corresponding  oxy- 
butyric   acids,  C^H^Oj,. 

A  dibrontobutyric  acid,  C/HeBi-jO,,  melting  at  450l48OC.  (1130-118.40  F.), 
is  formed  by  further  bromination  of  butyric  acid. 
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laobatyrio  Aold,  HCCCH,), — COjH,  also  called  Isopropyl-formic  and  Di- 
methyl-acetic  acidy  occurs  in  the  free  state  in  St.  John's  bread,  the  fruit  of 
Ceratonia  siliqua,  and  as  an  octylic  ether  in  parsnep  oil.  It  is  produced  by 
oxidation  of  isobutyl  alcohol,  by  the  action  of  alkalies  or  acids  on  pseudo- 
propyl  cyanide ;  and  by  the  action  of  sodium  and  methyl  iodide  on  ethyl 
acetate  (p.  687). 

This  acid  is  yerymuch  like  normal  butyric  acid,  but  has  a  less  disagree- 
able odor,  and  is  not  miscible  with  water.  It  has  a  specific  gravity  of 
0.960  at  OO,  and  boils  at  1540  C.  (309.20  F.).  Its  calcium  salty  (C\H,0,)  jCa 
4-  5H|0,  crystallizes  in  monoclinic  prisms,  much  more  soluble  in  hot  uxiter 
than  in  cold.  The  silver  salt  dissolves  in  110  parts  of  water  at  16^  C.  (60.80 
F.).  The  ethylic  ether y  C^H^j.CjHg,  has  a  specific  gravity  of  0.8893  at  OO, 
and  boils  at  llOO  C.  (230O  F.). 

Bromisobutyric  acidy  (CH3)2CBr.GO,H,  formed  by  heating  isobutyric  acid 
with  bromine  to  140OC.(284PF.),  forms  crystals  melting  at  450  C.  (113©  F.), 
and  is  partly  decomposed  by  boiling.  Its  ethylic  ether  has  a  specific 
gravity  of  1.328  at  QO,  and  boils  at  1580-1590  C.  (316.4Q-318.20  F.).  By 
heating  with  moist  silver  oxide  or  baryta- water,  this  acid  is  converted  into 
the  corresponding  oxy isobutyric  acid. 

Pentolc  or  Valeric  AoidB,  C5H10O,  a  GsH,0(OH).  — These 
acids  admit  of  four  metameric  modifications,  namely  :— 

CHjCHjCHjCH,        CH,CH(CH,),        CH(CHj)(C,H5)        C(CH,), 

CJOOH  COOH  COOH  COOH 

Propyl  aeetio.        Isopropyl  acetic.    Methyl-ethyl  acetic       Trimethyl 

acetic. 

The  first  and  second  are  obtained  by  oxidation  of  normal  pentylic  and 
isopentylic  or  amylic  alcohol  (p.  583)  respectively  ;  the  third  is  not  known ; 
the  fourth  is  produced  from  tertiary  butyl ic  alcohol  or  trimethyl-carbinol. 

Fropyl-acetio  or  Normal  Valeric  Acid,  C4Hg.C00H,  is  an  oily  liquid, 
smelling  like  butyric  acid,  having  a  sp.  gr.  of  0.9577  at  OO,  and  boiling  at 
1850C.  (3650F.). 

Isopentoic,  Isopropyl-acetic  or  Isovaleric  Acid  (ordinary  valerio 
acid),  occurs  in  valerian  root,  in  angelica  root,  in  the  berries  of  the  guelder 
rose  (^Viburnum  Opulus),  and  probably  in  many  other  plants.  It  is  pro- 
duced by  the  oxidation  of  ordinary  amy  I  alcohol,  either  by  absorption  of 
atmospheric  oxygen  under  the  influence  of  platinum  black,  or  by  treats 
ment  with  aqueous  chromic  acid,  or  by  heating  it  with  a  mixture  of  caustic 
potash  and  quick-lime,  the  reaction,  in  this  last  case,  being  attended  with 
evolution  of  hydrogen : 

CjIIiaO    -I-     KOn    =    CjHgOjK    +    2H,. 

The  potassium  salt,  distilled  with  sulphuric  acid,  yields  the  acid. 

The  most  advantageous  mode  of  preparing  isovaleric  acid,  is  to  oxidize 
amyl  alcohol  with  a  mixture  of  sulphuric  acid  and  potassium  dichromate. 
4  parts  of  the  dichromate  in  powder,  6  parts  of  oil  of  vitriol,  and  8  parts 
of  water  are  mixed  in  a  capacious  retort,  and  1  part  of  amyl  alcohol  is 
added  by  small  i)ortions,  with  strong  agitation,  the  retort  being  plunged 
into  cold  water  to  moderate  the  violence  of  the  reaction.  When  the  change 
appears  complete,  the  deep-green  liquid  is  distilled  nearly  to  dryness,  the 
product  mixed  with  excess  of  caustic  potash,  and  the  aqueous  solution 
separated  mechanically  from  a  pungent,  colorless,  oily  liquid  which  floats 
upon  it,  consisting  of  amyl  valerate.    Tlie  alkaline  solution  is  then  evapo- 


NEOPENTOIG    OB   TRIMETHTL-AOETTO    ACID.  fOS 

rated  to  a  small  bulk,  and  decomposed  bj  dilate  sulphuric  acid  in  excess. 
The  greater  part  of  the  valeric  acid  then  separates  as  an  oily  liquid  lighter 
than  water  :  this  is  a  hydrate  consisting  of  C^HiqOj.H^O.  When  distilled 
alone,  it  undergoes  decomposition :  water ,  with  a  little  of  the  acid,  first 
appears,  and  eventually  the  pure  acid,  C^UjoOj,  in  the  form  of  a  thin, 
mobile,  colorless  oil,  having  the  persistent  and  characteristic  odor  of  vale- 
rian root.  It  has  a  sharp  and  acid  taste,  reddens  litmus  strongly,  bleaches 
the  tongue,  and  bums  when  inflamed  with  a  bright,  yet  smoky  light. 
Isovaleric  acid  has  a  density  of  0.947  at  (P,  and  boils  at  1750  C.  (347©  F.). 
Placed  in  contact  with  water,  it  absorbs  a  certain  quantity,  and  is  itself  to 
a  certain  extent  dissolved. 

Isovaleric  acid  is  active  or  inactive  to  polarized  light,  accordingly  as  it 
has  been  prepared  from  active  or  inactive  amyl  alcohol.  That  which  has 
been  prepared  from  the  active  alcohol  produces  a  right-handed  rotation  of 
430  in  a  tube  50  centimetres  long.  The  difference  between  these  two  acids, 
like  that  of  the  alcohols  from  which  they  are  derived,  is  probably  due  to 
difference  rather  of  molecular  than  of  atomic  arrangement  (p.  491). 

The  metallic  isovalerates  are  greasy  to  the  touch,  and  mostly  crystallize 
with  difficulty.  Small  fragments  of  them  thrown  on  water,  rotate  on  the 
surface  as  they  dissolve.  The  barium  salt  (C^Hg02)2Ba^-H,0  usually  crystal- 
lizes in  thin  lamins,  soluble  in  two  parts  of  cold,  and  in  a  smaller  quantity 
of  warm  water.  The  zinc  salt  (C5H,02)5^n  forms  shining  scales.  The 
silver  salt  C^Ufi^Ag  forms  scales  soluble  in  540  parts  of  water  at  20O  C, 
(680  F.).  A  solution  of  potassium  valerate,  subjected  to  electrolysis, 
yields  dibutyl,  CgH,8  (p.  687). 

Ethifl  isovalerate^  CjIIgOj-CgHj,  is  obtained  bypassing  hydrochloric  acid  gas 
into  an  alcoholic  solution  of  valeric  acid.  Ammonia  converts  it  into  vale- 
ramide,  CgH^ONH.^.  It  is  decomposed  by  soiiium  in  the  same  manner  as 
ethyl  acetate  (p.  687),  yielding  sodium  ethylate  and  the  sodium  salt  of  an 
acid,  C15H28O3 : 

4Na    +    SCCjHj.CjH^O,)    =    SCjHgONa    +    Ci,H„0,Na . 

Chlorovalebic  Acids. — Trichlorisovaleric  acid,  CjH^ClsO,,  obtained  by  the 
prolonged  action  of  chlorine  on  isovaleric  acid  in  the  dark,  aided  towards 
the  end  of  the  process  by  a  gentle  heat,  is  an  oily  liquid,  becoming  very 
viscid  at  I80  C.  (64.4P  F.),  perfectly  mobile  at  30O  C.  (86O  F.).  In  con- 
tact with  water  it  forms  a  very  viscid  hydrate,  which  sinks  to  the  bottom. 
It  dissolves  in  aqueous  alkalies,  and  is  precipitated  by  acids  in  its  original 
state. 

Tetrachlorisovaleric  acid,  CjHjCl^O,,  is  the  ultimate  product  of  the  action 
of  chlorine  on  the  preceding  compound,  aided  by  exposure  to  the  sun.  It 
is  a  semi-fluid,  colorless  oil,  destitute  of  odor,  of  i)owerfully  pungent  taste, 
and  heavier  than  water.  It  can  neither  be  solidified  by  cold,  nor  distilled 
without  decomposition.  In  contact  with  water,  it  forms  a  hydrate  contain- 
ing C5H0CI4O2.H9O,  which  is  slightly  soluble  in  water,  easily  soluble  in 
alcohol  and  ether. 

Neopentolo  or  Trimethyl-acetlc  Add,  (CH3)jC.C00H,  is  obtained 
from  tertiary  butyl  iodide,  (CHj)3CI,  by  converting  this  ether  into  the 
cyanide,  and  distilling  the  latter  with  potash  ;  also  by  oxidation  of  pina- 
oolin,  CHj— iCO— CCCH,),..  It  is  a  laminar  crystalline  mass,  melting  at 
340-350  C.  (93.2OL.950  F.),  and  boiling  at  1610  C.  (321.80  F.).  It  smells 
like  acetic  acid,  and  dissolves  in  40  parts  of  water  at  20O  C.  (68O  F.). 

Tlie  Jmrinm  salt,  (C5ll,02),Ba  +  SH^O,  and  the  calcium  salt,  (Q^^fi2)2^^ 
-f-  41120,  crystallize  in  needles  or  prisms. 

The  silver  salt,  CjH^OjAg,  is  obtained  by  precipitation  in  glittering  span- 
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gles.  The  ethylic  ethery  CjHgOj.CgHj,  has  a  specific  gravity  of  0.8772  at  OO, 
aud  boils  at  118.50  C.  (245.39  F.). 

Hezoic  or  Caproio  aoldB,  CeH„0,=sC5H,,.C0,H. — There  are 
eight  possible  forms  of  these  acids,  analogous  to  the  eight  pentyi  alcohols, 
and  five  of  them  are  known,  viz. : 

1.  Normal  Caprolc  or  Pentyl-formlo  acid,  CH3(CH,)4.CO,H. — ^This 
acid  is  formed  synthetically  by  heating  normal  pentyl  cyanide,  CUjCCH,)^. 
CN,  with  strong  potash-solution.  It  is  also  produced,  together  with  other 
acids  of  the  fatty  series,  by  the  oxidation  of  albuminous  substances,  and 
of  fatty  acids  of  higher  atomic  weight.  It  occurs  in  the  free  state  in  per- 
spiration, as  an  octylic  ether,  CfUuOj.CgHi^,  in  the  volatile  oil  of  cow- 
parsnep  (p.  591),  as  aglyceride  in  the  butter  of  cows'  milk,  and  abund- 
antly in  cocoa-nut  oil.  From  this  oil  it  may  be  prepared  by  saponifying 
with  strong  soda-lye,  and  distilling  the  soap  with  dilute  sulphuric  acid. 
The  distillate  contains  caproio  and  caprylio  acids,  and,  when  neutralized 
with  baryta  and  evaporated,  yields  crystals  of  barium  caprylate,  and  after- 
wards veruoose  crystals  of  the  caproate,  which,  when  decomposed  by  sul- 
phuric acid,  yields  caproic  acid. 

Normal  caproic  acid  is  a  clear  mobile  oil,  having  a  somewhat  sudorific 
and  pungent  odor,  a  specific  gravity  of  0.945  at  OO,  0.895  at  99<^C.  (210.2O 
F.),  and  boiling  at  205O  C.  (401O  F.).  The  barium  salt,  (CeHiiOj),Ba  4- 
3HjO,  dissolves  in  6-7  parts  of  water  at  230  C.  (73.40  F.).  The  ethylie 
ether,  CgHn.OjCjHj,  has  a  fruity  smell,  and  boils  at  167°  C.  (332.0O  F.). 

2.  Ifiooaproio  or  iBopentyl-formio  add,  CH(CH3),.CH,.CH,.G0,H, 
prepared  from  isopentyl  (amyl)  cyanide,  has  a  specific  gravity  of  0.931  at  OO, 
and  boils  at  199CL.200O  C.  (390.2^^-3920  F.).  Its  odor  resembles  that  of 
the  normal  acid,  but  is  stronger  and  more  disagreeable.  The  calcinm  saltf 
(C.Hi,0,)3Ca+3HgO,  dissolves  in  9  parts  of  water  at  180  C.  (64.40  F.). 
The  ethifUc  ether,  CjHjjOj.CjHg,  has  a  specific  gravity  of  0.887  at  OO,  and 
boils  at  160.40  C.  (320.7O  F.). 

3.  Methylisopropyl-acetlo    acid,  q^/q^^^^OH.CO^U,  prepared 

from  the  iodide  of  methyl-isopropyl  carbinol  (amylene  hydrate,  p.  586), 
through  the  medium  of  the  cyanide,  is  an  oil  having  a  fruity  smell.  Its 
calcinm  salt  crystallizes  in  scales,  and  is  more  soluble  in  cold  than  in  hot 
water. 

4.  Diethyl  acetic  add,  ^^[[s^CH.COjH,  prepared  by  the  action  of 

sodium  and  ethyl  iodide  on  methyl  acetate  (p.  686),  is  an  oil  sparingly 
soluble  in  water.  Its  silver  salt,  CgH^OjAg,  crystallizes  in  shining  needles. 
The  etfitflic  ether,  C^H^fi^.C^a^,  boils  at  1510  C.  (303.80  F.). 

Dimethyl-ethyl  acetic  acid,  (f^  *^»  |  C.CO,H,  formed  from  tertiary 

butyl  iodide,  (CHs),(C,H5)CI,  through  the  medium  of  the  cyanide,  is  a 
liquid  which  boils  at  187©  C.  (368.60  F.),  and  solidifies  in  the  crystalline 
form  at  140  C.  (57.20  F.).  Its  barium  salt,  (CeHiiO,)jBa-|-  6H,0,  crystal- 
lizes in  large  laminae. 

Heptoio  acids,  C^Hj^OjsrCeHia.CO^H.  Of  the  17  possible  modi- 
fications of  these  acids,  one  only  is  accurately  known,  viz. : 

Normal  Heptoic  ot  (Enanthylic  aciV,  Cn,(CH,)5.C0,H,  which  ia 
formed  by  the  action  of  boiling  potash  on  normal  hexyl  cyanide,  CH8(CHj)4. 
CN,  by  the  oxidation  of  normal  heptyl  alcohol,  and  from  cenanthol  or  hep- 
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toic  aldehyde,  C,H,^0,  (p.  672),  bj  oxidation  in  the  air,  or  with  nitric 
acid,  or  with  chromic  acid  ;  also  by  oxidation  of  castor-oil  with  nitric  acid. 

(Enanthylic  acid  is  a  transparant  colorless  oil,  having  an  unpleasant 
odor  like  that  of  codfish.  It  boils  at  2230  C.  (433.40  F.).  It  is  insoluble 
in  water,  but  soluble  in  alcohol  and  ether.  When  heated  with  baryta,  it 
gives  off  hexane,  C,H|«,  the  baryta  abstracting  carbon  dioxide :  €711,402=3 
C02+CjH  ^^.  The  potassium-salt  subjected  to  electrolysis  yields  d  i  h  e  x  y  1, 
C„H2s>  The  calcium  salt^  (^IIi303),.Ca-(- H^O,  crystallizes  in  flattened 
needles,  soluble  in  100  parte  of  water  at  80  C.  (46.40  F.).  The  ethylic  ether, 
C,H„0,.CaH5,  has  a  fruity  odor,  a  specific  gravity  of  0.873  at  I6O  C.  ((1O.8O 
F.),  and  boils  at  188C  C.  (370.40  F.). 

Another  heptoic  acid  has  been  obtained  by  the  action  of  amy  I  iodide  on 
ethylic  sodacetate,  CU2Na.CO,C|H5. 

Caprylio  Aoid,  CgHjgO, ssCtHu.CO^H,  occnrs  as  a glyceride  in  the 
butter  of  cows'  milk  and  in  cocoa-nut  oU ;  it  is  also  found  in  several  kinds 
of  fusel-oil,  partly  free,  partly  as  an  ethylic  or  amylic  ether.  It  is  best 
prepared  by  saponification  of  cocoa-nut  oil ;  its  barium-salt,  being  very 
sparingly  soluble,  is  easily  separated  from  the  barium-salt  of  oaproic  acid 
foi*med  at  the  same  time. 

Caprylic  acid  has  a  faint  but  unpleasant  odor,  especially  when  warmed. 

It  solidifies  at  12©  C.  (53.60  F.),  melte  at  150  C.  (590  F.),  and  boils  at 
23(jO-2380  C.  (456.8O-4«0.4P  F.).  When  boiled  with  nitric  acid,  it  is  con- 
verted  into  nitrocaprylic  acid,  C,Ui5(N02)0,. 

Primary  octyl  alcohol,  0,11,^0,  obtained  from  Heracleum  oil  (p.  591), 
yields  by  oxidation  with  chromic  acid  an  acid,  CgHigO,,  solidifying  at  120  C. 
(53.60  F.),  melting  at  1(3C_170  C.  (60.8O-G2.eo  F.),  boiling  at  234Q-2380  C. 
(453.'^-4G0.4O  F.),  and  doubtless  identical  with  the  caprylic  acid  of  natu- 
ral fats  :  but  the  primary  octyl  alcohol  obtained  from  the  octane  of  Ame- 
rican petroleum  yields  by  oxidation  an  acid  isomeric  with  the  above,  in- 
asmuch as  when  Boating  on  water  it  remains  liquid  at  0<^. 

As  the  primary  octyl  alcohol  of  Heracleum  oil  is  an  iso-alcohol  (p.  591), 
it  follows  that  the  caprylic  acid  formed  from  it  by  oxidation,  and  there- 
fore also  that  obtained  from  natural  fats,  must  be  an  iso-auid,  viz.,  iso- 

heptyl-formio  acid,  g»?>CH— (CH2)4— CO,H. 

s 

Pelare^onio  or  Nonyllo  Acid,  CgH^^O, ^  CgHi^.COjH,  was 
first  obtained  from  the  leaves  of  the  geranium  {Pelargonium  roseum),  in 
which  it  existe  ready  formed.  It  may  be  procured  in  large  quantity  by 
the  action  of  nitric  acid  upon  the  essential  oil  of  rue  (which  contains 
nonyl -methyl  ketone,  C^H^g.CO.CH,)  ;  also,  together  with  several  other 
acids  of  the  fatty  series,  by  the  action  of  boiling  nitric  acid  on  oleic  acid. 
It  is  also  formed  synthetically  by  the  action  of  boiling  alcoholic  potash  on 
primary  octyl  cyanide,  CgH|,.CN,  prepared  from  the  octyl  alcohol  of  Hera- 
clenm  oil.  It  is  a  liquid  having  a  slightly  unpleasant  odor,  solidifying 
at  I2OL-12.50  c.  (53.6O-54.50  F.),  and  boiling  at  2530_2540  C.  (487.4Q- 
489.20  p.). 

Ethyl  PeJargonaie,,  C^^fi^,Cfif^y  may  be  easily  produced  by  dissolving  the 
acid  in  strong  alcohol,  and  passing  a  current  of  hydrochloric  acid  through 
the  solution.  It  is  a  liquid  of  specific  gravity  0.862,  and  boiling  at  250O  C. 
(4820  p.).     It  has  a  powerful  and  most  intoxicating  vinous  odor. 

The  aroma  possessed  by  certain  wines  appears  to  be  due  to  the  presence 
of  the  ether  of  pelargonic  acid,  which,  in  this  case,  is  probably  generated 
during  fermentation.  When  such  wines,  or  the  residues  of  their  fermenta- 
tion, are  distilled  on  the  large  scale,  an  oily  liquid  passes  over  towards 
the  close  of  the  operation,  which  consists,  in  a  great  measure,  of  the  crude 
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ether  :  it  may  be  parified  by  agitation  with  solution  of  potassiam  carbon- 
ate, freed  from  water  by  a  few  fragments  of  calcium  chloride,  and  redis- 
tilled. The  pelargonic  ether  obtained  by  this  process  was  originally  de- 
scribed as  cmantkic  ether y  and  the  acid  as  cenanthic  acid. 

Ratio  or  Caprio  Acid,'  Ci^HjoO,. — ^This  acid  exists  as  a  glyceride 
in  ordinary  butter  and  in  cocoa-nut  oil ;  it  occurs  also  in  several  kinds  of 
fusel-oil,  and  is  formed  by  the  oxidation  of  oleic  acid  and  of  oil  of  rue- 
It  may  be  obtained  pure  and  in  tolerable  quantity  from  the  liquid  which 
remains  in  the  distillation  of  the  fusel-oil  of  the  Scotch  distilleries  (p.  586) 
after  the  amyl  alcohol  has  been  distilled  off  at  1320  C.  (269. 60  F.).  This 
residue  consists  chiefly  of  amyl  rntate,  CioHigOj.CjHu,  and  when  distilled 
with  potash  gives  off  amyl  alcohol  and  leaves  potassium  rntate,  from  which 
the  rutic  acid  may  be  obtained  by  distillation  with  sulphuric  acid. 

Kutic  acid  is  a  colorless  crystalline  body,  having  a  slight  odor  of  the 
goat,  becoming  stronger  when  the  acid  is  warmed.  It  melts  at  27-300  C. 
(80.()-8()O  F.),  boils  at  268-270O  C.  (514.4-5180  F.),  is  very  soluble  in  cold 
alcohol  and  ether,  insoluble  in  cold  water,  slightly  soluble  in  boiling  water, 
and  dissolves  without  alteration  in  strong  nitric  acid. 

Th^  metallic  rutates  are  mostly  sparingly  soluble  in  water.  The  barium 
salt,  (CjoUi902)2Ba,  separates  from  solution  in  boiling  water  in  needle-shaped 
or  large  prismatic  crystals  which  float  on  the  water  if  not  moistened. 

Laurio  Acid,  Ci^H^^O,,  occurs  as  a  glyceride  (laurostearin)  in  the 
fat  of  the  hay-true' {Lauris  nohilis)^  and  in  the  solid  fat  and  volatile  oil  of 
pichurim  beans  {FalxE  Pichurim  maj.).  It  is  prepared  by  saponifying  these 
fats  with  caustic  alkali,  and  decomposing  the  resulting  soap  with  tartaric 
or  hydrochloric  acid.  It  likewise  occurs,  together  with  other  fatty  acids, 
or  their  glycerides,  in  cocoa-nut  oil  and  the  oils  or  fats  of  several  other 
plants,  also  in  spermaceti ;  and  is  separated  from  the  mixtures  of  fatty 
acids  resulting  from  the  saponification  of  these  substances  by  a  complicated 
process  of  fractional  precipitation  with  barium  and  magnesium  salts,  into 
the  details  of  which  we  cannot  enter.* 

Laurie  acid  is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and 
ether,  and  crystallizes  from  alcohol  in  white,  silky  needles,  which  melt  at 
about  430  C.  (109.40  F.). 

The  laurates  of  the  alkali-metals  and  of  barium  are  soluble  in  water ; 
the  other  salts  are  insoluble  or  sparingly  soluble.  The  calcium  salt, 
(C,  .HjjOg) jCa,  is  resolved  by  distillation  into  calcium  carbonate  and  laaro- 
stearoufi  * 

(C„H„Og),Ca    =    COjCa    +    CjsH^O. 

Myrlstlo  Acid,  C^H^sO,,  occurs  as  a  glyceride  in  nutmeg-bntter 
and  Otoba  fat ;  also,  together  with  lauric  acid,  in  Dika  bread,  the  fruit  of 
Mangifera  gabonensis,  an  African  tree  ;  and,  together  with  other  fatty  amds, 
in  cocoa-nut  oil  and  spermaceti.  It  may  be  produced  from  crude  ethal 
(cetyl  alcohol)  by  heating  with  a  mixture  of  potash  and  lime,  its  formation 
being  doubtless  due  to  the  presence  of  methal  or  myristic  alcohol,  Oj^UjoU, 
in  the  crr.de  ethal  (p.  594)  : 

CuHaoO    +     KHO    =    C„H„0,K    +     2H,. 

Lauric  acid  is  likewise  produced  by  a  similar  process  from  crude  ethal, 
doubtless  because  that  substance  also  contains  lethal  or  lauric  alcoiiol, 

*  Pure  myristic  acid  is  most  easily  obtained  by  saponification  of  Otoba  &t 
•  See  Watt8»8  Dictionary  of  ChemiBtry,  vol.  111.  p.  474. 
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(from  Mijristica  Otcha).  It  forms  white,  shining  crystalline  laminae,  melt- 
ing at  53. 80  C.  (128.80  F.)-  It  is  quite  insoluble  in  water  and  in  ether, 
but  dissolves  easily  in  hot  alcohol,  and  crystallizes  therefrom  on  cooling. 

The  myristates  of  the  alkali-metals,  Cj^H^O^K,  etc.,  are  soluble  in  water, 
and  not  decomposed  thereby  (like  the  stearates).  The  other  myristates 
are  insoluble  or  sparingly  soluble,  and  are  obtained  by  precipitation. 

MtfrUtin  (CjHs)  (C,4ll2,02)s,  the  glyceride  of  myristic  acid,  is  obtained  by 
pressing  nutmegs  between  hot  plates,  exhausting  the  crude  fat  thus  ob- 
tained with  spirits  of  wine,  and  crystallizing  the  undissolved  portion  from 
boiling  ether.     It  is  a  crystalline  fat  having  a  silky  lustre. 

Falmltio  Acid,  CnHj^Oj,  occurs  as  a  glyceride  (tripalmitin)  in 
many  natural  fats,  often  associated  with  stearin.  Palm-oil,  the  produce  of 
Elais  guianensisy  Chinese  tallow,  the  produce  of  the  tallow-tree  {Stillingia 
sebi/erd),  and  Japan  wax-,  from  Rhus  succedanea^  consists  mainly  of  tripal- 
mitin. Palmitic  acid  is  easily  prepared  by  saponifying  palm-oil  with 
caustic  potash,  decomposing  the  soap  with  sulphuric  acid,  and  crystallizing 
the  separated  fatty  acid  several  times  from  hot  alcohol  till  it  exhibits  a 
constant  melting-point.  Chinese  tallow  may  be  saponified  with  alcoholic 
potash,  and  Japan  wax  by  fusion  with  solid  potassium  hydrate,  and  the 
soap  treated  in  a  similar  manner. 

Palmitic  acid  exists  also  as  cetyl  palmitate  (cetin),  C,eHg3.C,jHj„02,  in 
spermaceti,  and  as  myrioyl  palmitate  (melissin),  CaoHjj.CjjHjiO,,  in  bees'- 
wax.  It  is  produced,  together  with  acetic  acid,  by  melting  oleic  acid, 
^is^^at  with  potassium  hydrate : 

CwHwOa    +    2K0H    =    CjjHjiOjK    -|-    C,H,0,K    +     H,. 

Palmitic  acid  is  a  colorless,  solid  body,  without  taste  or  smell,  lighter 
than  water.  It  is  insoluble  in  water,  but  dissolves  abundantly  in  boiling 
alcohol  or  ether.  The  solutions  are  acid,  and  when  concentrated,  solidify 
in  a  mass  on  cooling.  When  dilute  they  yield  the  acid  in  tufts  of  slender 
needles.  It  melts  at  620  C.  (143. b'O  F.),  and  solidifies  on  cooling  in  a  mass 
of  shining  nacreous  laminae.  When  heated  in  a  dish  it  boils  and  evapo- 
rates without  residue,  and  may  be  distilled  almost  without  change.  When 
gently  heated  in  the  air,  it  is  but  slightly  altered,  but  at  higher  tempera- 
tures it  takes  fire,  and  burns  with  a  bright  smoky  flame  like  other  fats. 
It  is  attacked  by  chlorine  at  lOOO,  giving  off  hydrochloric  acid,  and  forming 
oily  substitution-products.  Heated  with  alcohols,  it  forms  compound 
ethers. 

Palmitic  acid  forms  normal  or  neutral  salts,  having  the  composition 
MCieHjjO,  for  univalent,  and  WiJC^^^^^fi^^  for  bivalent  metals,  and  with 
the  alkali-metals  also,  acid  salts  analogous  to  the  acid  acetates.  The  nor- 
mal palmitates  of  potassium  and  sodium  are  soluble  in  water  and  alcohol ; 
the  rest  are  insoluble,  and  are  obtained  by  precipitating  a  metallic  salt 
with  an  alcoholic  solution  of  sodium  or  potassium  palmitate. 

Ethyl  palmitate,  CjH^.CijHjiO,,  obtained  by  passing  hydrochloric  acid  gas 
into  a  saturated  alcoholic  solution  of  palmitic  acid,  crystallizes  in  prisms, 
and  melts  at  24^  C.  (75.20  p.). 

Glyceryl  Palmitates  or  Palraitins. — ^There  are  three  of  these 

ethers — viz.,  Monopalmitirij  CjHj^  \  i,  ho  *  '^*/'^'"**'*'*»  ^s^s  §  (C  H  O  "i  ' 
and   tripalmitin,  ^a^oi^ifflsfii)^     The  first  and  second  are  obtained  by 


palmitin  thus  obtained  melts  at  46©  C.  (114.60  F.).     Natural  palmitin, 
60 
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obtained  from  palm-oil  and  other  fats,  has  the  composition  of  tripalmitin, 
but  exhibits  tliree  isomeric  (or  rather  allotropic)  modifications  (like  those 
of  stearin)  melting  respectively  at  46^  C.  (114.80  F.),  61.70  C.  (143.10 
F.)i  o.nd  62.8"^  C.  (1450  F.):  the  first  appears  to  be  identical  with  arti- 
ficial tripalmitin. 

Palm-oil  comes  chiefly  from  the  coast  of  Africa.  It  has,  when  fresh,  a 
deep  orange-red  tint  and  a  very  agreeable  odor :  the  coloring  matter — the 
nature  of  which  is  unknown — ^is  easily  destroyed  by  exposure  to  light, 
especially  at  a  high  temperature,  and  also  by  oxidizing  agents.  The  oil 
melts  at  27^  C.  (80.GOF.).  By  cautious  pressure  it  may  be  separated  into 
fluid  olein  and  solid  palmitin,  which,  when  purified  by  crystallization 
from  hot  ether,  is  perfectly  white.  By  keeping,  palm-oil  seems  to  sutfer  a 
change  similar  to  that  produced  by  saponification  :  in  this  state  it  is  found 
to  contain  traces  of  glycerin  and  a  considerable  quantity  of  oleic  acid, 
together  with  palmitic  acid.  The  oil  becomes  harder  and  rancid,  and  its 
melting  point  is  raised  at  the  same  time. 

Margaric  Acid,  CijU^O^, — This  name  was  formerly  applied  to  <ui 
acid,  intermediate  between  stearic  and  palmitic  acids,  supposed  to  be  pro- 
duced, together  with  others,  by  the  saponification  of  natural  fats  ;  but  it  ia 
now  restricted,  for  reasons  to  be  presently  mentioned,  to  an  acid  prepared 
by  a  definite  reaction—viz.,  by  the  action  of  boiling  alcoholic  potash  an 
cetyl  cyanide  :— 

CielljsCN    +     KOH    -|-     H,0    s    NH,    +    C^HjjOjK  . 

The  solid  potassium  salt  thus  obtained  is  decomposed  by  boiling  dilute 
hydrochloric  acid,  and  the  separatcni  margaric  acid  is  purified  by  precipi- 
tating its  ammoniacal  solution  with  barium  chloride,  decomposing  the  pre- 
cipitate with  hydrochloric  acid  and  ether,  separating  the  ethereal  solution 
by  means  of  a  pipette  ;  and  distilling  otf  the  ether.  It  forms  white  crys- 
tals, melting  at  59. 90  C.  (139.8*^  F.),  and  is  intermediate  in  all  its  proper- 
ties between  palmitic  and  stearic  acids. 

The  so-called  margaric  acid,  obtained  by  the  saponification  of  natural 
fats,  and  regarded  by  Chevreul*  and  many  other  chemists,  as  a  distinct 
acid  having  the  composition  C^fH^^Oj,  has  been  shown  by  Ileintzf  to  be  a 
mixture,  resolvable  into  stearic  acid  and  other  fatty  acids  of  lower  melting 
point,  chiefiy  palmitic  acid.  Such  mixtures  of  solid  fatty  acids,  or  of  the 
corresponding  glycerides,  cannot  be  completely  resolved  into  their  consti- 
tuent fats  by  crystallization  from  alcohol,  ether,  or  other  solvents,  which 
was  the  method  of  separation  resorted  to  in  the  earlier  investigations. 
The  only  efiectual  method  of  separation  is  to  subject  the  alcoholic  solution 
of  the  acids  to  a  series  of  fractional  precipitations  with  acetate  of  lead, 
barium,  or  magnesium,  the  stearate  then  separating  out  first. 

Stearic  Acid,  CigllggO,,  was  discovered  by  Chevreul  as  a  constitu- 
ent of  the  more  solid  fats  of  the  animal  kingdom.  It  is  most  abundant 
in  these,  especially  in  beef-  and  mutton -suet ;  but  exists  also,  together  with 
palmitic,  myristio  acid,  etc.,  in  the  softer  fats,  such  as  the  butter  of  cows' 
milk,  human  fat,  that  of  the  goose,  of  serpents,  of  cantharides,  and  in 
spermaceti.  It  occurs  also  in  vegetable  fats,  especially  those  of  cacao- 
beans,  of  the  berries  of  Cocculua  indicuSf  and  in  shea-butter,  obtained  from 
the  nuts  of  Bassia  Parlcii,  a  tree  growing  in  West  Africa.  In  all  these  fats 
it  occurs  as  a  glyceride,  but  in  that  of  oocculus  grains  also  in  the  free 
state. 

*  Recherchet  tur  let  corpt  grot  d^arigine  animale,    PaHs,  1828. 

t  For  relerences  lo  Ueintz*B  memoirs,  see  Gmelln's  UanUbook,  ToL  XT.  p.  M8. 
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Stearic  acid  Is  prepared  from  beef  or  mntton-suet,  or  better,  from 
oacao-fat,  hy  saponifying  the  fat  with  soda-lye,  heating  the  soap-paste 
with  water  and  dilute  sulphario  acid,  removing  tlie  separated  fatty  acids 
after  cooling,  washing  them  with<water,  and  then  dissolving  them  in  as 
small  a  quantity  as  possible  of  hot  alcohol.  On  cooling,  the  greater  part 
of  the  solid  acid  separates  out,  while  the  oleic  acid  remains  in  solution, 
and  may  be  separated  by  subjecting  the  mass,  after  draining,  to  strong 
pressure,  redissolving  the  residue  in  a  small  quantity  of  alcohol,  leaving 
it  to  separate  by  cooling,  and  again  pressing  the  solid  mass.  From  the 
mixture  of  solid  fatty  acids  thus  obtained,  the  stearic  acid  may  be  sepa- 
rated in  a  comparatively  pure  state,  by  repeated  crystallization  from  con- 
siderable quantities  of  alcohol,  only  the  portion  which  first  separates  being 
each  time  collected.  But  to  obtain  pure  stearic  acid,  it  is  better  to  dis- 
solve the  impure  stearic  acid  (4  parts),  melting  at  60^  C.  (14(P  F.),  in 
such  a  quantity  of  hot  alcohol  that  nothing  will  separate  out  on  cooling, 
even  to  (P,  and  mix  the  hot  liquid  with  a  boiling  alcoholic  solution  of 
magnesium  acetate  (1  part).  The  magnesium-salt  which  separates  on 
cooling  is  pressed  and  boiled  for  gome  time  with  a  large  quantity  of  dilute 
hydrochloric  acid,  and  the  stearic  acid  thereby  separated  is  rei)eatedly 
crystallized  from  alcohol,  till  it  melts  constantly  at  09O  to  7(P  C.  (156.2P 
tol58.GOF.). 

Stearic  acid  is  also  easily  prepared  from  the  fat  of  cocculus-berries,  which 
consists  mainly  of  stearin,  by  saponifying  it  with  potash,  etc.  According 
to  Buff  and  Oudemanns,  the  best  material  for  the  preparation  of  stearic 
acid  is  shea-butter,  which  contains  about  30  per  cent,  oleic  acid,  and 
70  per  cent,  stearic,  but  no  other  solid  fatty  acid. 

On  the  large  scale,  impure  stearic  acid  is  prepared  for  the  manufacture 
of  stearin-candles,  by  saponifying  some  of  the  harder  fats,  generally  with 
lime.  The  resulting  lime-soap,  decomposed  by  sulphuric  acid,  yields  a 
mixture  of  fatty  acids,  which  are  pressed,  first  in  the  cold,  and  afterwards 
at  a  higher  temperature,  in  order  to  separate  the  oleic  acid  from  the  less 
fusible  palmitic  and  stearic  acids.  Another  method,  applied  chiefiy  to 
palm-oil,  consists  in  decomposing  the  fat  with  super-heated  steam,  as  de- 
scribed under  Glycbrin  (p.  610).  A  third  method  consists  in  treating  the 
fat  with  sulphuric  acid,  and  distilling  the  product. 

Pure  stearic  acid  crystallizes  from  alcohol  in  nacreous  laminae  or  needles ; 
it  is  tasteless  and  inodorous,  and  has  a  distinct  acid  reaction.  At  low 
temperatures  it  is  heavier  than  water,  having  a  specific  gravity  of  1.01  at 
OO  ;  but  between  90  and  lOO  C.  (48.2O-50O  F.)  its  specific  gravity  is  the 
same  as  that  of  water.  It  melts  at  690-69.20  C.  (156.20-156.GO  F.)  to  a 
colorless  oil,  which  on  cooling  solidifies  to  a  white,  fine,  scaly,  crystalline 
mass,  lamino-crystalline  on  the  fractured  surface.  When  heated,  it  distils, 
for  the  most  part,  without  alteration.  Chlorine  converts  it  into  chloro- 
stearic  acid,  Ci^U^ClO^.  Heated  with  bromine  and  water  in  a  sealcxi  tube, 
it  is  converted  into  bromostearic  acid,  CigH^^BrO,,  and  dibromostearic  acid, 
C|()H]|^BrjOj> 

Stearates . — Stearic  acid  dissolves  in  a  cold  aqueous  solution  of  alka- 
line carbonate,  probably  from  formation  of  acid  carbonate,  and  does  not 
expel  the  carbonic  acid  and  form  a  mono-acid  salt,  till  heated  to  about 
lOOO.  On  the  other  hand,  the  stearates  are  decomposed  by  most  other 
acids,  the  separated  stearic  acid  rising  to  the  surface  as  an  oil  when  the 
liquid  is  warm.  The  stearates  have  the  consistence  of  hard  soaps  and 
plasters,  and  are  mostly  insoluble  in  water.  The  normal  potassium-salt , 
Cj^HjjO^,  separates  on  cooling  from  a  solution  of  1  part  stearic  acid  and  1 
part  potassium  hydrate  in  10  parts  of  water,  in  white  opaque  granules. 
The  acid  salt,  CjgHasOjK.CigHjjO,  is  obtained  by  decomposing  the  normal 
salt  with  1000  parts  or  more  of  water,  and  separates  in  silvery  scales  from 
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solution  in  boiling  alcohol.  Normal  sodium  stearatej  Cj^HMOgNa,  is  veiy 
muoh  like  the  potassium -sal  t,  but  harder.  The  acid  salt,  CigHs^O^Na. 
CisHmO,,  obtained  by  decomposing  the  normal  salt  with  2000  parts  or  more 
of  water,  separates  from  the  hot  solution  in  nacreous  laminse.  The  stear- 
ates  of  the  earth-metals  and  heavy  metals  are  insoluble  in  water,  and  are 
obtained  by  precipitation. 

Soaps  comsist  of  mixtures  of  the  sodium  or  potassium  salts  of  stearic, 
palmitic,  oleic,  and  other  fatty  or  oily  acids,  and  are  produced  by  saponi- 
fying tallow,  olive  oil,  and  other  fats  with  caustic  alkalies.  The  soda- 
soaps  are  called  hard  soaps:  they  separate  from  the  alkaline  liquor, 
on  addition  of  common  salt,  in  hard,  unctuous  masses,  which  are  the  soaps 
in  common  use  :  this  mode  of  separation  is  called  salting  out.  The  potash- 
soaps,  on  the  other  hand,  cannot  be  thus  separated  ;  for,  on  adding  salt  to 
their  solution,  they  are  decomposed  and  converted  into  soda-soaps  ;  but 
they  are  obtained  in  a  semi-solid  state  by  evaporating  the  solution.  The 
products,  called  soft  soaps,  always  contain  a  considerable  excess  of 
alkali,  and  are  used  for  cleansing  and  scouring  when  a  powerful  detergent 
is  required. 

Stearic  ethers  are  formed  by  heating  stearic  acid  with  alcohols, 
monatomic  or  polyatomic.  Ethi/l  stearate,  0,115.  CigU^gO,,  is  most  easily  ob- 
tained by  passing  hydrochloric  acid  gas  into  an  alcoholic  solution  of  stearic 
acid.  It  resembles  white  wax,  is  inodorous  and  tasteless,  melts  at  30^  C. 
(8()0  F.),  and  cannot  be  distilled  without  decomposition.  It  is  readily  de- 
composed by  boiling  with  caustic  alkalies.  There  are  three  glyceryl 
stearates   or  stearins,   analogous  in  composition  to  the  palmitins : 

Monostearin,  C.H.  \  \  ,/'^   ,  prepared  by  heating  a  mixture  of  equal  parts 

of  stearic  acid  and  glycerin  to  200O  in  a  sealed  tube  for  36  hours,  forms  very 
small  white  needles,  melting  at  61^0.  (141. 8^  F.),  and  solidifying  again  at 

6OOC.  (140OF.). — Di8tearin,C^U^\  /^  n  n\    1  obtained  by  heating  mono- 

stearin  with  3  parts  of  stearic  acid  to  260^  for  three  hours,  forms  white 
microscopic  laminae,  melts  at  580  C.  (136.40  F.),  and  solidifies  at  550  C. 
(1310  F.).— 7V«<eari«,  CjH^CCigHj^O,),,  is  prepared  by  heating  monostearin 
with  15  to  20  times  its  weight  of  stearic  acid  to  270^  C.  (518^  F.)  for  three 
hours  in  a  sealed  tube  ;  also  from  various  solid  natural  fats  by  solution  in 
ether,  and  repeated  crystallization  from  the  hot  solution.  It  crystallizes 
in  masses  of  white  pearly  laminss  or  needles,  inodorous,  tasteless,  neutral, 
and  volatilizing  without  decomposition  under  reduced  pressure.  Both  natu- 
ral and  artificial  tristearin  exhibit  three  isomeric  or  allotropic  modifications. 
Stearin  separated  from  ether  melts  at  69. 7^  C.  (157.50  B\);  but  if  heated 
to  73.70  C.  (164.60  P.)  or  higher  and  then  cooled,  it  does  not  solidify  till 
cooled  to  51.70  C.  (1250  p.).  it  then  melts  at  520  C.  (125.60  F.),  and  if 
heated  a  few  degrees  higher,  passes  into  a  third  modification,  which  does 
not  melt  below  64.2P  C.  (147.4P  F.). 

Arachldio  Add,  C„H^O„  is  a  fatty  acid  obtained  by  saponifica- 
tion of  oil  of  earth-nut  {Arachis  hypog(Ea),  It  crystallizes  in  very  small, 
shining  scales,  melts  at  750  C.  (167©  P.),  and  solidifies  again  at  73.50  C. 
(164. 30  1»\)  to  a  radiated  crystalline  mass.  It  is  but  slightly  soluble  in 
cold  alcohol  of  ordinary  strength,  but  dissolves  easily  in  boiling  absolute 
alcohol  and  in  ether. 

The  silver-salty  C^Hpfi^Ag^  is  a  white  precipitate,  which  separates  from 
boiling  alcohol  in  slightly  lustrous  prisms,  not  altered  by  exposure  to 
light.  Ethyl  arachidatey  CjoHjgO^.CjH,,  is  a  crystalline  mass,  melting  at 
52.50  C.  (126. 50  p.).  Berthelot  has  obtained  three  glyceryl  arackidates  or 
arachinSf  analogous  to  the  stearins,  by  heating  the  acid  with  glycerin  in 
sealed  tubes. 


ACRYLIC   ACIDS.  713 

Benic  or  Behenic  Acid,  C^gH^^O,,  is  obtained,  together  with 
other  acids,  by  sapoiiixicaiioii  of  oil  of  beu,  the  oil  expressed  from  the 
fraits  of  Moringa  Nux  Behen.  It  is  a  white  crystalline  fat,  melting  at  76^ 
C.  (168.8'^  F.),  and  solidifying  at  7UO  C.  (158©  F.). 

Cerotlo  Aold,  Cj^H^O,,  is  the  essential  constituent  of  cerin^  the 
portion  of  bees'-wax  which  is  soluble  in  boiling  alcohol.  It  is  prepared 
by  heating  the  wax  several  times  in  succession  with  boiling  alcohol,  till 
the  deposit  which  forms  on  cooling  melts  at  70O  or  72*^  C.  (15»^^lUl.G'^  F.), 
and  may  be  further  purifled  by  precipitating  it  from  the  boiling  alcoholic 
solution  with  lead  acetate,  decomposing  the  precipitate  with  strong  acetic 
acid,  and  crystallizing  the  separated  acid  from  boiling  alcohol.  Cerotic 
acid  is  also  produced  by  the  dry  distillation  of  Chinese  wax,  which  consists 
of  ceryl  cerotate,  ^rfi■tfi^^Gt^^^^  or  by  melting  that  substance  with  pot- 
ash, and  decomposing  the  resulting  potassium-salt  with  an  acid  (p.  594). 

Pure  cerotio  acid  crystallizes  in  small  grains,  melting  at  78^  C.  (172.40 
F.),  and  distilling  without  alteration.  Chlorine  converts  it  into  chloroce- 
rotic  acid,  C^^H^j^^it^s*  a  thick  transparent  gum  of  a  pale  yellow  color. 

Ceryl  cerotate,  or  Chinese  toojr,  is  produced  on  certain  trees  in  China  by 
the  puncture  of  a  species  of  coccus.  It  is  crystalline,  of  a  dazzling  white- 
ness, like  spermaceti,  melts  at  820  C.  (179.60  F.)  ;  dissolves  in  alcohol ; 
yields  cerotio  acid  and  cerylene,  C^H^^,  by  dry  distillation.  It  is  used  in 
China  for  making  candles. 

Melisaio  Aoid,  CgoH^O,,  the  highest  known  member  of  the  fatty 
series,  is  obtained  by  heating  myricyl  alcohol  (p.  595)  with  potash-lime : 

CsoH«aO,    +     KOH    =    C^^Hj^OjK    +     2H,. 

It  bears  considerable  resemblance  to  cerotic  acid,  but  melts  at  a  higher 
temperature,  viz.,  at  88©  or  890  C.  (190.4O-192.2O  F.).  The  silver-salt, 
CgoUg^O^Ag,  is  a  white  precipitate. 


Monatomlo  Aoids,  C^H^-^O,. — ^Acrylio  Series. 

This  series  comprises  three  isomeric  groups  of  acids,  which  may  be  rep- 
resented by  the  following  general  formula,  in  which  n  and  p  denote  any 
whole  numbers  from  0  upwards  :* 

*  The  moat  Reneral  formulaB  by  which  the  structure  of  these  aoida  can  be  repre- 
■enteU  are  the  following  ^— > 

(1,  o)  (2,  a)  (3,  a) 


4h  fa  ll<^^j 


II  J. 

CH  (CH^, 

HJp  CO.H 


ff 


CO,H 


The  flrat  of  these  formulflB  la  reducible  to  Cn+8H,B+40j  or  Oa-|-sH«(y-(-,),OM  and 
the  second  and  third  to  O.-l-gHjn+jOa  or  0„+aH,(n-f-t)— 1,0-,  both  of  which  are 
Included  under  the  general  Tormula  of  the  series  CmH,o, — .jO«.  In  all  the  known 
acids  of  the  first  group,  however,  except  perhaps  aneelio  acid,  the  value  of  p  »  0, 
and  in  the  only  known  acid  of  the  second  group,  viz.,  isocrotonic  acid,  p  ■■  1.  so 
that  for  these  known  acids  the  two  formulse  are  reduced  to  the  aimpler  forms  given 
in  the  text. 
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CH 


(2.) 


(3.) 


CnH^ 


CH 

I 

CO^H 


CH 

I 
CH, 

I 
CO,H 


II 
CO,H 


Of  tlie  acids  of  tlie  first  groap,  called  normal  acrylic  acids,  some 
occur,  mostly  as  glycerides,  in  vegetable  and  animal  organisms,  others  are 
formed  artificially  by  special  processes.  Most  of  them  are  oily  liquids. 
The  known  acids  of  this  group  are : 


Acrylic  acid 
Crotonic  acid 
Angelic  acid 
Pyroterebic  acid 
?  Damaluric  acid 
f  Damolic  acid 
Moringic  acid  ) 
Oimicic  acid    ) 


C,H,0, 
C4H.O. 
C5  Hg  Oj 
^6  HjoO, 
C^  HjjO, 
CijHg^Oj 

CjjHjjOg 


Physetoleic  acid 
Hypogasic  acid 
Qaidic  acid 
Oleic  acid     ) 
Ela'idic  aoid| 
Doeglic  acid 
Brassic  acid  ) 
Erucic  acid  } 


] 


'leHgoOg 


^uHj^O, 
CaH^O, 


Of  the  acids  of  the  second  group  only  one  is  at  present  known,  viz., 
isocrotonio  acid,  C^HjO,  =  CH,Z:CU— CH,— COjH  [n=l]. 

The  acrylic  acids  of  the  third  group  are  formed  by  a  general  synthetical 
process,  viz.,  by  abstraction  of  the  elements  of  water  from  certain  acid 
ethers  or  alcoholic  acids,  having  the  composition  of  oxalic  acid,  CgH^O^,  in 
which  1  atom  of  oxygen  is  replaced  by  2  atoms  of  a  monatomic  alcohol- 
radicle,  Cjfl.^  + 1 ;  thus : 


HO— C=0 

HO— C=0 
Oxalic  acid. 


H 


CH. 

o-i- 

I 


CH, 


HO— C==0 

Dlmethoxalit 

acid. 


CHjCH, 

HO— C— CH, 

HO— C=0 
Ethometh- 
oxalio  acid. 


CHjCH, 
HO— C— CH,CH, 
C— C=< 


HC— C=0 
Diethoxalio 
acid. 


Now,  when  the  ethylic  ethers  of  these  acids  are  treated  with  phosphoric 
oxide  or  phosphorus  trichloride,  they  give  up  a  molecule  of  water  (HjO), 
at  the  expense  of  one  of  the  molecules  of  hydroxyl  (OH)  and  of  an  atom 
of  hydrogen  abstracted  from  one  of  the  monad  alcohol-radicles,  which  is 
thereby  converted  into  a  dyad  radicle  (an  define)  capable  of  saturating 
the  unit  of  equivalence  of  the  carbon-atom  set  free  by  abstraction  of  the 
hydroxyl.  The  product  is  the  ethylic  ether  of  an  acrylic  acid  of  the 
third  group ;  thus  :— 


CH, 


C— CH, 


HO— i 


H5C.O— CZIO 
Ethylic  dimeth- 
oxalate. 


—        H,0 


CH, 

II 

C— CH, 


I 


H5C2O— C 


o 


Ethylio-methyl 
aery  late. 


The  ethy^lic  ether  thus  formed  is  converted  into  methacrylic  acid  by  sapo- 
nification with  potash  in  the  usual  way.  In  this  manner  the  following 
acids  have  been  obtained :-» 
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Methaorylio  acid,    CII^UC'^^qAtt  ,  isomeric  with  Crotonio  acid. 
Methylcrotonic    acid,   CjH^ZIC^^q^jt  ,  iflomerio  with  Angelic  acid. 

Ethylorotonio  acid,    C,H^ZIC<^qqAij  • ,  isomeric  with  Pyroterebic  acid. 

There  might,  of  course,  be  an  ethacrylic  acid  isomeric  with  methylcro- 
tonic  acid,  and  a  propyl-acrylic  acid  isomeric  with  ethylcrotonic  acid,  but 
these  have  not  yet  been  obtained. 

The  individual  acids  of  the  tliree  groups  differ  from  one  another  accord- 
ing to  the  values  of  n  and  p,  and  those  which  contain  the  radicle  Cgll^  and 
its  higher  homologuea,  are  susceptible  of  further  modiiications  according 
to  the  structure  of  these  radicles. 

The  acids  of  all  three  series,  when  fused  with  potash,  are  resolved,  with 
evolution  of  hydrogen,  into  two  acids  of  the  fatty  series  : — 

CjH^O,    +     2H,0    =    C,H,0,    +     CJlfl,    +     H, 
Angelio.  Propionio.  Acetio. 

C,.H-.0,    +    2H,0    o.    C„H-0,  +    C,H,0,    +    H, 
Oleic.  Palmitic.  Aoetlo. 

generally : 

CaH,„_A    +    2H,0    »    C„-pH2(„_p)0,    +    CpHjpO,    +     H, . 

The  manner  in  which  this  splitting*up  of  the  molecule  takes  place  differs, 
however,  according  to  the  group  to  which  the  acid  belongs.  In  the  decom- 
position of  an  acrylic  acid  of  the  first  group,  one  of  the  products  is  always 
acetic  acid  ;  in  the  second,  one  of  the  products  is  always  propionio  acid  ; 
wliile  in  the  third,  the  two  products  may  be  any  members  of  the  fatty 
series  of  acids. 

The  final  result  of  the  action  above  mentioned  is,  in  fact,  to  add  2  atoms 
of  hydrogen  and  2  atoms  of  oxygen  to  the  molecule  C„H2n__20j.  Now,  if 
in  an  acid  of  the  first  group,   represented  by  the  formula, 

CnHjn+i— CH:£ICH— CO,H,  we  suppose  H,  to  be  added  to  the  right  of  the 

• 

dotted  line,  we  get  CH3 — COjjH,  which  is  the  formula  of  acetic  acid,  while 
the  addition  of  O,  to  the  loft  of  the  dotted  line  gives  C^H^g-i-j — CO,H,  which 
is  also  the  formula  of  a  fatty  acid.     Similarly  the  addition  of  H,  on  the 

right  of  the  formula  of  the  second  group,  C^Hj^iEICH — CH, — CO,H,  gives 

• 

CHj — CHj — CO,H,  which  is  the  formula  of  propionic  acid,  while  the  addi- 
tion of  Og  on  the  left  gives  C„H,„0,,  which  represents  another  fatty  acid. 

The  acrylic  acids  are  also  converted  into  fatty  acids  by  the  action  of 
nascent  hydrogen,  e.g.,  crotonio  acid,  C^H^,  into  butyric  acid,  C^HgO,. 

Aorylio  Acid,  C^Ufi^  a  CHjIICH— CO^H  [n  =r  0  in  formula  1]. 
—This  acid  is  the  lowest  possible  member  of  the  series,  and  does  not  admit 
of  isomeric  modifications.  It  is  produced — (1)  By  oxidizing  its  aldehyde 
(acrolein),  CsH^O,  with  moist  silver  oxide  ;  (2)  Prom  m  or  »  iodopropionio 
acid,  CHj.CHl.COjH,  or  CH,I.CU,.CO,H,  by  heating  alone,  or  with  alco- 
holic potash,  whereby  HI  is  abstracted  ;  (3)  By  the  action  of  nascent 
hydrogen  (zinc  and  sulphuric  acid)  on  /S-dibromopropionic  acid  : — 

CHjBr— CHBr— COjH     +     H,    =     2HBr     -f     CHjZlCH— CO^H  . 

Acrylic  acid  is  a  colorless  liquid,  having  a  pungent,  slightly  aromatic 
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odor,  and  misciblo  in  all  proportions  with  water.  It  solidifies  at  low  tem- 
peratures, melts  at  7^  C.  (44.00  p.),  and  boils  at  139Q-140O  C.  (282.2- 
2840  F.).  Nascent  hydrogen  converts  it  into  propionic  acid.  It  unites 
with  bromine,  forming  ^-dibromopropionic  acid,  and  with  the  haloid  acids 
to  form  the  d-gubatitution  products  of  propionic  acid.  By  fusion  with 
potash  it  is  resolved  into  formic  and  acetic  acids. 

The  metallic  acrjrlates,  excepting  the  silver  salt,  are  very  soluble  in 
water  ;  they  decompose  at  10(P.  The  silver  salt,  C,H,0^g,  and  the  Iwd 
salty  (C,H,0,)2Pb,  crystallize  in  shining  needles. 

Ethyl  Acrylate,  CH,IZCH — COfifi^,  prepared  from  the  ethylic  ether  of 
d-dibromopropionic  acid  by  the  action  of  zinc  and  sulphuric  acid,  is  a 
jjungent-smelling  liquid,  having  a  specific  gravity  of  0.925  at  (P,  and 
boiling  at  102O  C.  (215.GO  F.). 

Chloracrylic  Acid,  C,HjC10j,  prepared  by  treating  dichloropropionio 
acid  with  baryta-water,  crystallizes  in  slender  needles,  which  melt  at  65^  C. 
(1490  F.). — Bromacrylic  Acid,  CgllgBrO,.  Of  this  acid  there  are  two  modi- 
fications, CH,— CBr— COaH  and  CHBr— CH--CO,H,  obtained  respectively 
from  «-  and  5-dibromopropionic  acid.  The  former  melts  at  70O  C.  (1580  F.), 
and  unites  with  hydrobromio  acid,  reproducing  «-dibromopropionic  acid. 

CrotODic  Aoids,  Cfifi^ s C,H^— €02H.^0f  these  acids  there  are 
three  modifications,  viz. : 

(1)  Solid  Crotonio  Acid,  CH3— CH— CH— CO,H.— This  acid  is  formed 
— ^.  By  oxidation  of  its  aldehyde,  CH,— CH=:CH— COH  (p.  673)  ;  )g.  By 
the  dry  distillation  of  5-oxybutyric  acid,  CH^— CH(OH)— Cllj— CO,H  (ab- 
straction of  OHH)  ;  y.  By  the  action  of  alcoholic  potash  on  a-bromobutyric 
acid,  CU3— CH^-— CIlBr— CO,H ;  >.  From  allyl  iodide  by  conversion  into  the 
cyanide,  and  distillation  of  the  latter  with  potash.  Now  allyl  iodide  has 
the  structure  CH^Cll— CHjI  (p.  596),  and  therefore  the  cyanide  might 
be  expected  to  be  Cll, — CH — CH,CN,  and  the  acid  obtained  from  it,  CH,— 
ClI — COjOU,  which  is  the  structure  of  isocrotonic  acid.  But  as  the  acid 
obtained  in  this  manner  is  identical  in  its  properties  with  that  which  is 
produced  by  the  first  three  reactions,  it  must  be  inferred  that,  either  in  the 
conversion  of  the  allyl  iodide  into  cyanide,  or  of  the  latter  into  the  acid, 
a  transposition  of  atoms  has  taken  place  within  the  molecule. 

Solid  crotonic  acid  crystallizes  in  slender  woolly  needles,  or  in  large 
plates,  melts  at  T2P  C.  (161. 60  F.),  boils  at  1820  C,  (359.60  F.),  and  dis- 
solves in  12  parts  of  water  at  20O.  Nascent  hydrogen  converts  it  into 
normal  butyric  acid.  It  unites  with  hydrogen  bromide,  forming  monobro- 
mobutyric  acid,  and  with  bromine  to  form  dibromobutyric  acid.  By  oxi- 
dation with  nitric  acid,  it  is  resolved  into  acetic  and  oxalic  acids,  and  by 
fusion  with  potash,  into  two  molecules  of  acetic  acid : 

CH,— CHizCH— CO,H    +    2H,0    =    2(CH,C0,H)     +    H,. 

Afonochlorocrotonic  Acid,  C4H5CIO,,  is  produced  by  the  action  of  zinc  and 
hydrochloric  acid  on  trichlorocrotonic  acid ;  also  by  that  of  phosphorus 
pentaclilorido,  and  subsequently  of  water,  on  ethylic  aceto-acetate,  (CH^— 
CO — CHj — COOCjH — ),  whence  it  appears  to  have  the  structure  CH« — 
CC1=CH— CO,H : 

^^         +  2Pcvn,  =r  2pa,o  +  cjifii  +  hq  +    n 

C06C,H.  CH^j 

and 

ciis.ca-cn.coci  +   hoh  »  hci   +   CH3.CC1— en— coon. 
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This  acid  dissolves  in  35  parts  of  water  at  190  C.  (66.20  F.),  melts  at 
94^  C.  (201.20  F.),  and  boils  at  20(><^210O  C.  (402.8O-410O  F.).  Sodium 
amalgam  converts  it  into  crotonic  acid. 

Trichlorocrotonic  Acid,  C4H3CI5O3,  produced  by  oxidation  of  the  corre- 
sponding aldehyde  with  oold  strong  uitric  acid,  melts  at  44^  C.  (111.2^  F.^. 

(2)  loBOOrotonic  Acid,  CHjirCH— CHj— CO3H  (Geuther's  quartenylic 
acid),  formed  from  its  ohloro-derivative  (^in/ra)  by  the  action  of  sodium 
amalgam,  is  a  non-solidifying  liquid,  having  a  specific  gravity  of  1.018  at 
250  C.  (77c  F.),  and  boiling  at  1720  C.  (341.dO  f.).  When  heated  in  a 
sealed  tube  to  170O-180O  C.  (3380-35(jO  F.),  it  is  converted  into  solid  cro- 
tonic acid.  When  fused  with  potash,  it  is  resolved,  not,  as  might  be  ex- 
pected, into  propionic  and  formic  acids,  but,  in  consequence  of  the  trans- 
formation by  heat  just  mentioned,  into  two  molecules  of  acetic  acid. 

Chlorisocroionic  acid,  CHj CCl — CH^ — COjU,  is  produced,  together  with 

chlorocrotonic  acid,  by  the  action  of  phosphorus  pentachloride  and  water 
on  ethylio  aceto-acetate.  It  forois  crystals  slightly  soluble  in  water,  sub- 
limes at  ordinary  temperatures,  melts  at  59. 50  C.  (139. lO  F.),  and  boils 
at  1950  C.  (3830  F.), 

(3)  MethaoryUc  Add,  CH^C<[^^»jj  [n  =  l,  p=  1  in  formula  3,  p. 

714],  is  farmed  by  the  action  of  phosphoric  oxide  or  phosphorus  trichlo- 
ride on  ethylio  dimethoxalate  (p.  714),  and  by  that  of  phosphorus  trichlo- 
ride on  oxyisobutyric  acids : 

B'fi>^<^o,n  =    «.o  +   h:c)c-co.h. 

It  is  a  liquid  which  does  not  solidify  at  0^.  By  fusion  with  potash  it  is 
resolved  into  formic  and  propionic  acids. 

Five-carbon  Acrylic  Acids,  CsHgOj^C^H^.CO^H.— Of 
these  acids,  two  only  are  known,  namely,  angelic  and  methyl-crotonio 
acid. 

Angelic  Acid  exists  in  the  root  of  the  archangel  {Angelica  Archan- 
gdica),  and  in  sumbul  or  moschus  root,  a  drug  imported  from  Asia  Minor, 
and  probably  also  belonging  to  an  umbelliferous  plant.  It  is  obtained 
from  archangel  root,  by  boiling  the  root  with  lime  and  water,  and  distilling 
the  strained  and  concentrated  liquid  with  dilute  sulphuric  acid.  It  is  also 
produced  by  heating  the  essential  oil  of  chamomile,  which  consists  of  an- 
gelic aldehyde  together  with  a  hydro-carbon,  with  potassium  hydroxide  : 

CjHjO    +    KOH    s=    CjH,KO,    +    H,. 

Also,  together  with  oreoselin,  by  treating  peucedanin  or  imperatorin  (a 
neutral  substance  contained  in  the  root  of  Imperatoria  Ostntthium,  and  some 
other  umbelliferous  plants)  with  alcoholic  x>ota8h : 

CiaHjA      -f      KOH      =      (^.H.KO,      +      C^HgO, 
Peuoedanin.  Potfigeiuin  OreoBelln. 

angelate. 

Angelic  acid  crystallizes  in  long  prisms  and  needles,  melts  at  450  C. 
(II30  F.),  boils  at  190O  C.  (374°  F.),  and  distils  without  decomposition. 
It  has  an  aromatic  taste  and  odor,  dissolves  sparingly  in  oold,  abundantly 
in  hot  water,  also  in  alcohol  and  ether. 

It  unites  with  bromine,  forming  a  dibromovaleric  acid,  C^UgBryO,,  which 
is  reconverted  by  sodium-amalgam  into  angelic  acid.     It  is  not  altered  by 
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nascent  hydrogen,  bnt  when  heated  with  concentrated  hydriodic  add  and  a 
little  phosphorus,  it  is  converted  into  normal  valeric  acid.  By  fusion  with 
potash  it  is  resolved  into  acetic  and  propionic  acids,  a  mode  of  decompoei- 
tion  which  is  consistent  with  either  of  the  two  following  stmctural  form* 
ula9  of  the  acid  : 

CjHj— CH=CH— COaH*  or  CHs— CHrrCH— CH,— COjH.f 

The  angelates  of  the  alkali-metals  are  soluble  in  water  and  in  alcohol. 
Calcium  angeUUe,  CaCC^H^O,),  +  -^q^i  forms  shining,  very  soluble  laminae. 
The  lead-salty  PbCCgH^Oj)^,  is  a  white  precipitate. 

Potassium  angelate  treated  with  phosphorus  ozychloride  yields  angelio 
oxide,  or  anhydride,  (C5HyO)20,  which  is  a  viscid  nnorystalUzable  oil, 
boiling  at  240©  C.  (4()40  F.). 

Methyl-orotODio  Add,  CH, — CH:iiC<<[^q»jj  ,  formed  by  the  action 

of  phosphorus  trichloride  on  ethylic  methyl-ethyloxalate  (p.  715),  is  very 
much  like  angelic  acid,  but  melts  at  620  C.  (143.60  F.)«  By  fusion  with 
potash  it  is  resolved  into  acetic  and  propionic  acids. 

Identical  with  this  is  the  so-called  tiglic  acid,  which  is  contained  as 
a  glyceride,  together  with  those  of  butyriC|  valeric,  and  other  fatty  acids, 
in  the  oil  of  Croton  Tiglium. 

Siz-carbon  AoldB,  CqHjoOiSsCjH^.CO,!!. — 1.  Pyroterehic  acid 
is  formed  by  dry  distillation  of  tereuic  acid,  CfUjoO^  (one  of  the  products 
of  the  action  of  nitric  acid  on  turpentine-oil).  It  is  an  oily  liquid,  smell- 
ing like  butyric  acid,  having  a  specific  gravity  of  1.01,  and  boiling  at  210O 
C.  (410O  F.).  By  fusion  with  potash  it  is  resolved  into  acetic  and  isobu- 
tyric  acids. 

2.  Hifdrosorhic  acid  is  formed  by  the  action  of  sodium-amalgam  on 
sorbio  acid,  CjHgO,.  It  is  a  liquid  having  a  sudorific  odor,  a  specific  grav- 
ity of  0.969  at  190  C.  (66.20  F.),  and  boiling  at  204.5O  C.  (400.10  p.). 
By  fusion  with  potash  it  is  resolved  into  acetic  and  normal  butyric  acids. 
This  and  the  preceding  acid  are  therefore  represented  by  the  following 
formulse : — 

CHj— CHj— CH^— CH  -  CH— CO,H 
HydroBorbio. 

CH(CHj)-— CII-CH— CO,H 
JPyroterebio. 

3.  Ethyl-crotonic  acid,  CH3—CH— C<^j2g^^»  ,  is  formed  from  the 

ethylic  ether  of  diethoxalic  acid  (p.  715),  by  the  action  of  phosphorus 
trichloride,  or  by  heating  with  hydrochloric  acid  to  130O-150O  C.  (2660- 
302O  F.).  It  crystallizes  in  shining  square  prisms,  has  an  aromatic  odor, 
sublimes  even  at  ordinary  temperatures,  and  melts  at  41.50  C.  (106.70  F.). 
By  fusion  with  potash  it  is  resolved  into  acetic  and  normal  butyric  acids. 
Its  salts  decompose,  even  during  the  evaporation  of  their  aqueous  solu- 
tions. 

Seven-  to  Fifteen-Carbon  Acids.— Damalnrio  acid, 
C^HijOj,  and  Damolic  acid,  C,sH„0„  are  volatile  acids,  said  to  exist  in 
the  urine  of  cows  and  horses. — ^Mor  ingio  acid ,  C^fi^O^,  is  an  oily  acid, 
obtaintMl,  together  with  palmitic,  stearic,  and  benic  acids,  by  the  saponifi* 

♦  n— 2,  pa»0,  In  formula  1,  a  (p.  713,  footnote), 
t  n«»2,  p^l,  in  the  same. 
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cation  of  oil  of  ben  (p.  713). — Cimicic  acid,  CjsIIjgOj,  is  a  yellow  crys- 
tallizable  acid,  having  a  rancid  odor,  extracted  by  alcoliol  and  ether  from 
a  kind  of  bag  (^Rhaphigaster  punctipennis), 

Hypogeeio  Aoid,  C,,H^O„  is  contained  as  a  glyccrido,  together 
icith  palmitin  and  arachin,  in  oil  of  earth-nut  (Arachis  hypogtea).  To 
obtain  it,  the  mixture  of  fatty  acids  obtained  by  saponifying  the  oil  is 
dissolved  in  alcohol ;  the  palmitic  and  arachidic  acids  are  precipitated  by 
ammonia  and  magnesium  acetate ;  the  filtrate  is  mixed  with  ammonia  and 
lead  acetate  ;  the  lead  precipitate  is  decomposed  by  hydrochloric  acid ;  and 
the  separated  hypogseic  acid  is  dissolved  out  by  ether.  It  is  also  pro- 
duced by  oxidation  of  axinic  acid  (CigH^gOj),  an  acid  obtained  by  saponi- 
fication of  age  or  axin^  a  fatty  substance  contained  in  the  Mexican  plant 
Coccus  Axin. — Hypogsoic  acid  crystallizes  from  ether  in  stellate  groups  of 
needles,  melting  at  34P  or  35©  C.  (93.2CL-950  p.),  easily  soluble  in  alcohol 
and  ether.  Its  potassium  and  sodium  salts  are  soluble  in  water ;  the  barium 
salt  is  soluble  in  hot,  insoluble  in  cold  water ;  the  copper  and  silver  salts 
are  obtained  by  precipitation.  The  ethlgic  ether,  CigH.^(32.C2ll5,  is  a  yellow 
oil,  not  volatile  without  decomposition. 

Nitrous  acid  converts  hypogseic  acid  into  the  isomeric  or  allotropic  com- 
pound, Gaidic  acid,  related  to  it  in  the  same  manner  as  ela'idic  acid  to 
oleic  acid.  It  forms  a  colorless  crystalline  mass  which  melts  at  3bO  C. 
(100.4P  F.). 

Physotoleio  acid,  a  crystalline  acid  obtained  from  sperm-oil,  is 
isomeric,  if  not  identical,  with  hypogseic  acid  ;  it  melts  at  30O  C.  (80O  F.), 
and  solidifies  at  28©  C.  (82.40  F.). 

Oleic  Aold,  CjsHjjO,. — This  acid,  the  most  important  of  the  series, 
is  obtained  by  saponification  of  olein,  the  fiuid  constituent  of  most  natural 
fatii  and  fixed  oils. 

To  obtain  pure  oleic  acid,  olive  or  almond  oil  is  saponified  with  potash  ; 
the  soap  is  decomponed  by  tartaric  acid  ;  and  the  separated  fatty  acid, 
after  being  washed,  is  heated  for  some  hours  in  the  water-bath,  with  half 
its  weight  of  lead  oxide  previously  reduced  to  fine  powder.  The  mixture 
is  then  well  shaken  up  with  about  twice  its  bulk  of  ether,  which  dissolves 
the  oleate  of  lead,  and  leaves  the  stearate  ;  the  liquid,  after  standing  for 
some  time,  is  decanted  and  mixed  with  hydrochloric  acid  ;  the  oleic  acid 
thereby  eliminated  dissolves  in  the  ether  ;  and  the  ethereal  solution  which 
ristis  to  the  surface  of  the  water  is  decanted,  mixed  with  water,  and  freed 
from  ether  by  distillation. 

Large  quantitii*s  of  crude  oleic  acid  are  now  obtained  in  the  manufacture 
of  stearine  candles,  by  treating  with  dilute  sulphuric  acid  the  lime-soap 
resulting  from  the  action  of  lime  upon  tallow.  The  fatty  acids  resulting 
from  the  decomposition  are  washed  with  hot  water,  and  solidify  in  a  mass 
on  cooling;  and  this  mass,  when  subjected  to  pressure,  yields  a  liquid  rich 
in  oleic  acid,  but  still  retaining  a  considerable  quantity  of  stearic  acid. 
After  remaining  for  some  time  in  a  cold  place,  it  deposits  a  quantity  of 
solid  matter,  and  the  liquid  decanted  from  this  is  sent  into  the  market  as 
oleic  acid  or  red  oil.     It  may  be  purified  by  the  process  just  described. 

Oleic  acid  crystallizes  from  alcoholic  solution  in  dazzling  white  needles, 
melting  at  14P  C.  (57.20  F.)  to  a  colorless  oil,  which  solidifies  at  4©  C.  (30.20 
F.)  to  a  hard,  white,  crystalline  mass,  expanding  considerably  at  the  same 
time.  Specific  gravity  =  0.898  at  19°  C.  (66.2©  F.).  The  acid  volatilizes 
in  a  vacuum  without  decomposition.  It  is  tasteh^ss  and  inodorous,  and  re- 
acts neutral  when  unaltered  (not  oxidized),  also  in  alcoholic  solution.  It 
is  insoluble  in  water,  very  soluble  in  alcohol,  and  dissolves  in  all  proportions 
in  ether.     Cold  strong  sulphuric  acid  dissolves  it  without  decomposition. 
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It  dissolves  solid  fats,  stearic  acid,  palmitic  acid,  etc.,  and  is  dissolyed  bj 
bile,  with  formation  of  a  soap  and  strong  acid  reaction. 

Oleic  acid,  in  the  solid  state,  oxidises  but  slowljr  in  the  air ;  but  whcfn 
melted,  it  rapidljr  absorbs  oxygen,  acquiring  a  rancid  taste  and  smell  and 
a  decided  acid  reaction.  Its  decomposition  bj  fusion  with  potash  has  been 
already  mentioned.  Chlorine  and  bromine,  in  presence  of  water,  convert  it 
into  dichloroleic  and  dibromoleic  acids.  Bromine,  added  by  drops  to  fused 
oleic  acid,  forms  tribromoleic  acid,  C|gH„Br,0^ 

Strong  nitric  acid  attacks  oleic  acid  with  violence,  giving  off  red  nitrons 
vapors,  and  producing  volatile  acids  of  the  series  C^Hj^O,,  viz.,  acetic, 
propionic,  butyric,  valeric,  caproic,  oenanthylic,  caprylic,  pelargonic,  and 
rutic  acidJs ;  also  fixed  acids  of  the  series  CgUj^— ^^4,  viz.,  suberic,  pimelic, 
adipic,  lipic,  and  azelaic  acids,  the  number  and  proportion  of  these  pro- 
ducts varying  with  the  duration  of  the  action. 

Nitrous  acid  converts  oleic  acid  into  a  solid  isomeric  or  allotropic  modifi- 
cation, called  elaidic  acid. 

Oleates.  —  The  formula  of  the  neutral  oleates  is  M'C,gH,gO,,  or 
M"(CiglIsjOj)2,  according  to  the  quantivalence  of  the  metal :  there  are 
likewise  acid  oleates.  The  neutral  oleates  of  the  alkali-metals  are  soluble 
in  water,  and  not  so  completely  precipitated  from  their  solutions  by  the 
addition  of  another  soluble  salt,  as  the  stearates  and  palmitates.  The  acid 
oleates  are  liquid  and  insoluble  in  water.  The  oleates  dissolve  in  cold 
alisolute  alcohol  and  in  ether,  a  property  by  which  they  may  be  distin- 
guished and  separated  from  the  stearates  and  palmitates, 

Oleins. — Oleic  acid  forms  three  glycerides,  viz.,  monolein  (CjH^) 
(OH),(C„H530,) ;  diolein  (C,H.)(0H)(C„H5,0,),;  and  triolein  (CjH^) 
(C,gll„02)3,  which  are  produced  by  heating  oleic  acid  and  glycerin  together 
in  sealed  tubes,  in  various  proportions.  The  first  two  solidify  at  about 
150  C.  (590  F.). 

The  olein  of  animal  fats,  of  olive  oil,  and  of  several  other  oils,  both 
animal  and  vegetable,  which  do  not  dry  up  in  the  air  by  slow  oxidation, 
but  are  converted  into  viscid  masses  having  a  rancid  odor  and  acid  reaction 
(non-drying  oils),  appears  to  be  identical  with  triolein,  but  there  is  great 
difficulty  in  obtaining  it  pure.  Olive  oil,  cooled  to  4P  C.  (39^  F.)  or  a 
lower  temperature,  deposits  a  large  quantity  of  solid  fat,  consisting  mainly 
of  palmitin  (originally  called  margarine  from  its  pearly  lustre),  and  the 
oil  filtenni  therefrom  consists  mainly  of  olein.  A  purer  olein  is  obtained 
by  treating  olive  oil  with  a  cold  strong  solution  of  caustic  soda,  which 
saponifies  the  solid  fats,  and  leaves  the  olein  unaltered.  Olein,  subjected 
to  dry  distillation,  yields  gaseous  products,  liquid  hydrocarbons,  acrolein, 
and  sebic  acid. 

Appendix  to  Oleic.  Acid. — Some  non-drying  oils  contain  the  glycerides  of 
acids  homologous  with  oleic  acid ;  such  is  the  case,  as  already  observed, 
with  (Toton  oil,  earth-nut  oil,  and  sperm  oil.  Doegling  train-oil,  obtained 
from  the  do«»gling  or  bottle-nosed  whale  (Bcdiena  rostratd),  yields  doeglic 
acid,  CjgHjgOj.  Colza-oil,  obtained  from  the  seeds  of  certain  species  of 
Brassicay  *»«pecially  the  summer  rape  or  colza,  Brassica  campeMris^  var. 
olfti/era,  yields  bras  sic  acid,  C^ll^fi^;  and  the  oil  of  black  mustard- 
seed  yields  a  similar  and  probably  identical  acid,  called  erucic  acid. 

Drying  oils,  such  as  linseed,  jwppy,  hemp,  and  nut  oils,  contain  the 
glycerides  of  linoleic  acid,  CieHjgO^,  which  may  bo  prepared  by  saponi- 
fying linseed  oil  with  potash,  precipitating  the  aqueous  solution  of  the 
resulting  potassium  salt  with  calcium  chloride,  dissolving  out  the  calcium 
linoleate  with  ether,  and  decomposing  it  with  hydrochloric  acid.  Linoleic 
acid  is  a  yellowish  oil  of  specific  gravity  0.921,  not  altered  by  nitrous 
acid. 
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Castor  oil, which  is  a  non-drying  oil,  contains  the  glyceride  of  ricino- 
leio  acid,  CigHj^Oj,  which,  when  separated,  forms  a  colorless  oil,  solidi- 
fying at  CP,  and  converted  by  nitrons  acid  into  a  solid  modification,  r  i  c  i  n  - 
e laSdic  acid,  which  melts  at  50©  C.  (122©  F.).  By  dry  distillation  it 
is  resolved  into  oenanthyllc  acid  and  oenauthol,  and  when  heated  with 
excess  of  caustic  potash  or  soda,  it  yields  secondary  octyl  alcohol,  together 
with  sebic  acid  and  free  hydrogen  (p.  592). 


Monatomlo  Acids,  C^H^n^O,. — ^The  known  acids  of  this  series 
are: 


Tetrolic  acid,       C^  H^  0, 
Sorbic  acid,  Cg  H,  0, 

Palmitolic  acid,  Cj^H^gOg 


Stearolic  acid,     CjgHggO, 
Behenolic  acid,  CjjUmO,. 


They  are  formed  from  the  acids  of  the  preceding  series  by  abstraction 
of  2  atoms  of  hydrogen,  which  is  effected  by  the  action  of  alcoholic  potash 
on  the  chlorine  or  bromine  compounds  or  derivatives  of  those  acids  ;  e.g., 

C^HjBrO,    +     KOH    =    KBr    +    H,0    +     C^H.O, 
Bromocrotonio  Tetrolic 

acid.  acid. 

C^HeBr.O,    +    2K0H     =s    2KBr    +     2H,0    +     C^H^O, 
Bromide  of  cro-  Tetrolic 

tonic  acid.  acid. 

They  contain  4  atoms  of  hydrogen  less  than  the  corresponding  fatty 
acids,  and  are  therefore  unsaturated  compounds  of  the  second  order, 
capable  of  uniting  with  2  or  with  4  atoms  of  a  halogen-element. 

Tetrolic  Acid,  C^H^O,,  produced  as  above  from  monochlorocrotonio 
acid,  crystallizes  in  deliquescent  rhombic  plates,  easily  soluble  in  alcohol 
and  ether.  It  melts  at  76.5©  C.  (169.70  F.),  and  boils  at  203©  C. 
(307.40  F.). 

Sorbic  Acid,  C^HgO,,  occurs  in  the  unripe  berries  of  the  mountain 
ash  {Sorbus  aucuparia),  from  which  it  may  be  obtained  by  mixing  the  juice 
with  milk  of  lime  and  distilling.  It  then  passes  over  as  an  oily  liquid, 
which  solidifies  when  boiled  with  strong  hydrochloric  acid,  or  when  warmed 
with  potash. 

Sorbic  acid  crystallizes  in  long  needles,  melts  at  134.50  C.  (274.10  F.), 
decomposes  when  distilled  alone,  but  is  easily  volatilized  with  vapor  of 
water.  It  is  nearly  insoluble  in  cold  water,  but  dissolves  with  moderate 
facility  in  hot  water  and  in  alcohol.  Nascent  hydrogen  converts  it  into 
hydrosorbic  acid,  C^jgO,.  With  bromine  it  forms  the  compounds 
CeH,Br,Og  and  CeHgBr^O,,  melting  respectively  at  950  C.  (203O  F.)  and 
1830  c.  (361.4P  F.). 

The  metallic  sorbates  are  crystallizable.  The  ammonium  salt  crystallizes 
in  long  needles ;  the  barium  salt,  (C0H7O2),Ba,  and  the  calcium  salt, 
(C0HfO2)2Ca,  form  silvery  scales.  The  silver  salt^  CgH^OjAg,  is  a  crystal- 
line precipitate.  The  ethylic  ether,  CgUfO^.C^H^,  is  an  aromatic  liquid,  boil- 
ing at  195.50  C.  (383.9  F.). 

Palmitolic  Acid,  CjfHjgO,,  prepared  from  the  dibromide  of  hypogseic 
acid,  or  of  its  isomeride,  ga'idic  acid,  crystallizes  in  shining  needles  which 
melt  at  420  C.  (107.^^  F.).     It  unites  with  2  and  4  atoms  of  bromine,  but 
is  not  altered  by  nascent  hydrogen. 
61 
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Stearollc  Acid,  prepared  in  like  manner  from  the  dibromide  of  oleic 
or  ela'idic  acid,  crystallizes  in  long  prisms,  which  melt  at  48^^  C.  (118.4P  F.) 
and  distil  almost  without  decomposition.  It  is  insoluble  in  water,  but  dis- 
solves readily  in  alcohol  and  ether.  It  unites  with  2  and  4  atoms  of  bro- 
mine,  but  is  not  altered  by  nascent  hydrogen.  By  carefully  regulated 
fusion  with  potashf  it  is  resolved  into  acetic  and  hypog»io  acids ;  at  higher 
temperatures  myristic  acid  is  produced. 

Bebenolio  Aoidi  CgH^gO,,  from  dibromide  of  erucic  or  brassic  acid 
(p.  721),  forms  shining  needles,  melting  at  75©  C.  (167^  F.). 

The  last  three  acids,  heated  with  fuming  nitric  acid,  are  oonyerted  into 
monobasic  acids  of  the  form  C^H^_404,  viz. : — 

Palmitoxylic.  SteRroxylio.  Behenoxjlio. 

^u^zePi  CjgHjjO^  C2,H^o04 

melting  at  67©  C.  (152.60  p.),   860  C.  (186.80  F.),  90O  C.  (194P  F.). 

These  acids  crystallize  in  shining  plates  or  scales. 
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I 

These  acids  are  derived  from  ethyl  acetate  and  other  compound  ethers 
of  the  fatty  series.     When  sodium  is  heated  with  ethyl  acetate,  it  dis- 
solves, with  little  or  no  evolution  of  hydrogen,  and  the  whole  solidifies  on  ' 
cooling  to  a  crystalline  mass  of  sodium  ethylate  and  ethylic  acetosodace- 
tate,  CgHjNaOj.     The  reaction  is  either 

2(CjH30.0C,Hb)    +    2Na    =    C,H,NaO,    +    NaOCjHj    +    H, 
or  SCCjHjO.OCjHj)   +    4Na    =    CeH^NaO,    +    SNaOCjH^ . 


The  quantity  of  hydrogen  evolved  in  this  reaction  varies  considerably 
according  to  the  temperature  and  pressure  under  which  it  takes  place,  and 
the  proportions  of  the  materials  used  ;  sometimes  no  gas  is  evolved,  show- 
ing that  the  reaction  takes  place  according  to  the  second  equation,  and 
under  no  circumstances  yet  observed  is  the  quantity  of  hydrogen  given 
off  exactly  equivalent  to  the  sodium  dissolved,  as  it  should  be  if  the  reac- 
tion took  place  entirely  according  to  the  first  equation.  It  is  most  prob- 
able, therefore,  that  the  two  reactions  generally  take  place  together. 

Ethylic  acetosodacetate  ( Wanklyn's  sodium-trixicetyl)  crystallizes 
in  shining  scales.    When  treated  with  acetic  acid,  it  is  converted  into  the 

compound  C^Hj^Oj  or  C0<^,|* ^q qq  „  ,  which  is  the  ethylic  ether 

2  2      o 

of  aceto-acetio  acid,   C0<^™' ro-^OH  »  ^®'**^®^  ^'^™  acetic  acid, 

CO<^jT*  ,  by  substitution  of  acetyl,  CH5.CO,  for  one  of  the  hydrogen- 
atoms  in  the  methyl  group.  This  acid  is  not  known  in  the  free  state  ; 
when  separated  from  its  ether  by  boiling  with  alkalies  or  acids,  it  is  re- 
solved into  acetone  and  carbon   dioxide, 


co<^£ 


•-COOH    =    CO(CH,),    +    CO. 


The  ethylic  ether,  CgHigOg  (also  called  ethyl-diacetic  acid),  is  a 
liquid  having  an  odor  of  strawberries,  a  specific  gravity  of  1.03,  and  boil- 
ing at  180.80  c.  (357.50  F.).     By  the  acUon  of  sodium  or  of  sodium  ethyl- 
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ftte,  it  is  converted  into  ethylio  acetosodaoetate,  the  compound  already 
mentioned  as  a  direct  product  of  the  action  of  sodium  on  acetic  ether : — 

''°^h!.CO.C.H.  "^  '"''^'^  "  <^0<^H'Na.CO.C,H.  +  ^'H^^H  • 

The  pottusittm  salt  is  obtained  in  a  similar  manner.  The  baritmi  salt, 
{^QJAfi^fifiLj  obtained  bj  dissolving  the  ether  in  baryta-water,  is  easily 
soluble  in  water.  From  its  solution  the  corresponding  salts  of  the  heavy 
metals  may  be  obtained  by  double  decomposition. 

Methylio  Aceto-acetate,   ^5^8^*  =  ^^<^h' CO  CH     obtained 

by  the  action  of  sodium  on  methyl  acetate,  etc.,  is  a  colorless,  pungent- 
smelling  liquid,  which  boils  at  170P  C.  (3380  P.),  and  has  a  specific  gravity 
of  1.037  at  90  C.  (48.20  p.).  It  has  a  faint  acid  reaction,  dissolves  spar- 
ingly in  water,  freely  in  alcohol  and  ether ;  produces  a  dark-red  coloration 
with  ferric  chloride ;  is  resolved  by  boiling  with  hydrochloric  acid  or  with 
alkalies,  into  acetone,  carbon  dioxide,  and  methyl  alcohol.  Its  sodium  salty 
CgUfOiNa,  crystallizes  in  shining  needles.  The  barium  salty  {Qfi^O^)fieLy 
is  obtained  by  dissolving  the  ether  in  baryta-water.  Its  aqueous  solution 
mixed  with  cupric  acetate  yields  the  cof>per  salt  (C5HyOs),Cu4~  2U,0  in 
green  crystals,  slightly  soluble  in  water. 


By  treating  the  sodium  derivatives  of  these  aceto-acetic  ethers  with  the 
iodides  of  alcohol-radicles,  new  ethers  are  obtained,  in  which  the  sodium 
of  the  original  compound  is  replaced  by  an  alcohol -radicle,  e.  g.y 

^^<^HNa— CO,C,H.  +   ^^»^  =  ^*^  +  ^^^^HCCHs)— CO,C,H, 
Ethyllc  Ethyllo 

aeetoaodaoetate.  methylaceto-acetate. 

In  these  last  ethers  an  atom  of  hydrogen  may  also  be  replaced  by  so- 
dium, by  the  action  of  metallic  sodium  or  of  sodium  ethylate,  producing 
compounds  like 

Ethylio  Sodio-methylaoeto-acetate,  ^^^cNaCCH  "1 CO  C  H  '    *°^    ^^ 

these  again  the  sodium  may  be  replaced  by  alcohol-radicles,  yielding,  for 

example, 

CH 
Ethylio  Methylethyl-aceto-aoetate,  CO<^^^?g^j((,^jj^j_^Q^(,^H^^ 

Lastly,  these  mono-  and  di-substituted  aceto-acetic  ethers,  when  heated 
alone,  or  better,  with  sodium  ethylate,  or  with  ethylic  aodio-aceto-acetate, 
CglljNaO,,  are  resolved  into  the  group  C,HaO  or  CHj.CO  (which,  by  poly- 
merization, yields  dehydracetic  acid,  CgHgO^),  and  substituted  acetic  ethers, 
that  is  to  say,  ethers  of  the  higher  fatty  acids ;  e.  g.y 

^^<CcH(CH,)— CO.C^Hj  ==  CH,— CHy— CO,C,H<  +  CH,CO 
Ethylio  Metbylaceto-acetate.         Ethylio  Methylacetate 

or  Propionate. 

^^<C(CH,)«— CO,C,H.  =  CH(CH,)2— COjCjHj  +  CH^CO 
Ethylic  Dimethyl-  Ethylic  Dlmethyl-acetate 

aceto-acetat«.  or  laobutyrate. 
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This  reaction  explains  the  direct  production  of  the  ethers  of  the  higher 
fatty  acids  by  the  simultaneous  action  of  sodium  and  alcoholic-radicles  on 
acetic  ether  (p.  686) . 

The  substituted  ethers  of  aceto-acetic  acid,  heated  with  aqueous  alkalies, 
are  decomposed  in  the  same  manner  as  ethylic  aceto-acetate  (p.  722),  yield- 
ing various  ketones ;  e,  g.j 

CO<^h'(CH,)_CO,CA  +  2K0H  =  CO.K.  +  C.H.OH  +  C0<^5cH. 

Methyl-aoetone. 

«><^f6.H0,-CO.CH.  +  ^"^^  =  COA  +  C AOH  +  C0<^5c.H^j^ 

Diethyl-Aoetone. 

The  following  table  exhibits  the  boiling  points  and  specific  gravities  of 
these  substituted  acetacetic  ethers,  and  their  reactions  with  ferric  chloride : 


^^<CH(CH,)— CO,CH, 
^^<^H(C,H6)— COjCH, 
^^<CH(CH,)— COjCgHg 
^^<C(CH^,-C0,C,H5 

^^<CH(C,H4)— C0,C,H6 
^^<C(C,H6)— C0,C,H5 


Boiling  Point. 


§     1770  C. 
(  (350.60  p.) 

190OC. 
(374P  F.) 
1860C. 
(366.83  P.) 
(      1840  C. 
\  (363.20  P.) 
i      1950  C. 
(    (3830F.) 
(  210-212O  C. 
l(410-413OF.) 


Spec.  Gravity. 


1.020  at  90  C. 
(48.20  P.) 

0.995  at  140  C. 
(57.20  p.) 


0.991  at  160  C. 

(60.80  p.) 
0.983  at  IGO  C. 

(60.80  P.) 
0.974  at  00  C. 


ReAotion 

with  Ferric 

Ohloride. 


Violet-red. 
Violet-red. 


Blue. 


Isopropylated   acetacetic   ethers   are  obtained  by  treating  the 
acetacetic  ethers  with  sodium  and  isopropyl  iodide. 


Diatomio  Adda. 

These  acids  contain  two  hydroxyl  groux)s,  and  are  monobasic  or  bibasic, 
according  as  one  or  both  of  these  hydroxyls  belongs  to  a  oarboxyl  group, 
COOIi ;  ^'  ff't 

CHjOH  COOH 


I 

COOH 

QlyoolUo  acid. 

l-basic. 


COOH 

Oxalio  aoid. 

2-baBio. 


Some  of  them  are  formed  by  oxidation  (exchange  of  H,  for  0),  from  dia- 
tomic  alcohols  (glycols),  containing  the  same  number  of  carbon-atoms, 
those  glycols  which  contain  the  group  CH^OH  twice,  yielding  in  this  manner 
two  diatomic  acids,  one  mono-  and  the  other  bibasic,  while  those  which 
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contain  this  group  only  once,  yield  only  one  acid,  which  is  monobasic ; 
thus  :— 


CH, 

CHOH 

CH,< 


,0H 
«-Propeiie  glycol. 

CHjOH 

CH,  yields 

CHjOH 
/l-Propene  glycol. 


yields 


CHjOH 


i 

k 


;ooH 

/0-Lactio  acid. 


CH, 

I 
CHOH 


i. 


;ooH 

«-Laotlo  acid. 

COOH 

CH, 

COOH 
Malonio  acid. 


andf 


1.   MONOBASIC   ACIDS. 

C^Hj^jOj,  or  CnH2„<^QQjj  . 

These  acids  are  called  lactic  acids,  after  the  most  important  member 
of  the  series,  and  oxy- fatty  acids,  because  they  may  be  derived 
from  the  acids  C^H^j^O,  by  substitution  of  OH  for  H ;  thus  : — 


CHg.CO-H 
Acetic  add. 


CHjOH— CO.H 
Oxyncetio  ncid. 


They  contain  two  hydroxy  1  groups,  one  alcoholic  (connected  with  the 
radicle  C„H,„),  and  having  its  hydrogen  replaceable  by  monatomic  alcohol- 
radicles,  acid  radicles,  and  alkali-metals;  the  other,  basic  (connected 
with  CO),  and  having  its  hydrogen  replaceable  by  metals  in  general  to 
form  salts.  Each  of  them  can,  therefore,  form  three  ethers,  containing 
monatomic  alcohol-radicles,  but  only  one  series  of  metallic  salts,  except 
with  the  alkali-metals,  with  each  of  which  they  can  form  two  salts.  Of 
the  ethers,  one  is  acid  and  the  other  two  are  neutral ;  thus  from  glycoUio 
acid,  CH,OH.COOH,  are  formed  :^ 


CHjOH 


Methyl-RlycoUio 
IcL 


i 


CHjOCJHj 

COOH 
hyl- 
aci 

The  known  members  of  the  series  are  the  following  :— 

Carbonic  acid 


JOOCHj 
Monomethylio 
glycoUate. 


CHjOCJHg 

COOCH, 
Dimethyllo 
glycollate. 


GlycoUic  or  Oxyacetio  add 
Lactic  or  Oxypropionio  acid 
Oxybutyric  acid       .        • 
Oxyvaleric  acid 


H 
COjH 


CH,0,     =       CO<^g 
CjH^O,    SB      ^^«^^0,H 

CjHeO,      ass  CjH^^Jj, 

^i^tPs    *=  ^'^•'^COjH 

CsHiqOs  =  ^^^s^^Cco^H 


Oxycaproic  acid 

and  others  containing  7,  9,  and  12  atoms  of  carbon. 
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All  those  acids  of  the  series  which  contain  more  than  two  atoms  of  car- 
bon admit  of  isomeric  modifications.  Of  these  some  are  analogous  in 
stracture  to  the  primary  or  secondary  alcohols,  and  are  called  normal  or 
».«o-acids,  according  to  the  stracture  of  the  alcohol-radicles  contained  in 
them.  Others  are  analogous  in  structure  to  the  tertiary  alcohols,  and  are 
formed  from  oxalic  acid  or  its  ethers  by  a  series  of  transformations  to  bo 
presently  explained. 

They  are  all  monobasic,  as  already  observed,  except  carbonic  acid,  which 
is  bi  basic,  its  two  hydroxy  1  groups  being  similarly  related  to  the  group 
CO.     This  acid  will  be  considered  by  itself. 

The  normal  and  iso-lactic  acids  are  formed  by  the  following  general 
processes : — 

1.  By  slow  oxidation  of  the  glycols  in  contact  with  platinum  black,  or 
by  the  action  of  dilute  nitric  acid ;  e.  y., 

^<^^l    +    0.    =     H,0    +    H,C<CH,O^H 
iS-Propene  glyool.  ^Lactic  acid. 

HO.HC<^^OH    +    0.    =     H,0    +    HO.HC<C^g 
euPropene  glycoL  opliaotlo  aoid. 

2.  By  the  action  of  moist  silver  oxide  on  the  monochlorinated  or  mono- 
brominated  derivatives  of  the  fatty  acids  (p.  689);  e,  g,, 

CHjCl— CO,H    +    AgOH    «    AgQ    +    CH,OH— CO,H 
Ghloraoetio  aoid.  OlyooUio  aeid. 

3.  From  the  glycoUic  chlorhydrins  (p.  699),  by  converting  them  into 
cyanides  by  the  action  of  potassium  cyanide,  and  boiling  the  resulting 
cyanides  with  alkalies  or  acids  : 

H.C<^HOH  +    CNK    ==    Ka    +    H,C<gJj  qH 
OhlorhyaSn.  Oyanliydriii. 

H.C<^^OH  +    2H.0    -     NH.    +    H,C<^H^<^H 
Oyanhydrin.  ^Lactic  acid. 

4.  By  heating  an  aldehyde  or  a  ketone  with  hydrocyanic  and  hydro- 
chloric acid,  whereby  a  cyanhydrin  is  produced,  and  treaUng  this  com- 
pound  with  acids  or  alkalies  as  above : 

CH,— CHO    +    CNH    =    CHi-CH<Qjj 
Aldehyde. 

CH,r-CH<^^    +    2H,0    «    NH,    +    CHr-CH<^Q^3 

o-Iiaotlo  aoid. 

5.  By  the  action  of  nitrous  add  on  the  amidated  derivatives  of  the  fatty 
acids :  ^X)H 

H,C<S?W    +    NO,H    =    H,0    +    N,    +    H,C<^o  H 

aoid,  • 


The  tertiary  lactic  acids  are  represented  by  the  general  formula : 


MONOBASIC    AOIDB. 


727 


They  are  obtained  in  the  form  of  ethers  by  the  action  of  the  zinc-componnd 
of  an  alcohol-radicle,  C^H^^.,,  on  a  neutral  ether  of  oxalic  acid  containing 
a  radicle  of  the  same  series,  such  as  diethylic  oxalate.  The  reaction  con- 
sists in  the  replacement  of  an  atom  of  oxygen  in  the  oxalic  ether  by  two 
equivalents  of  alcohol-radicle,  and  the  simultaneous  replacement  of  an 
equivalent  of  ethyl,  methyl,  etc.,  in  the  oxalic  ether  by  an  equivalent*  of 
zinc,  whereby  an  ether  of  zinc-diethoxalic  acid,  etc.,  is  produced,  which 
by  certain  obvious  transformations  may  be  converted  into  the  required 
acid ;  thus : 


0=C— OCH3 

0-C— OCH, 

Dimethylio 

oxalate. 

^  (C,Ha),C-OZn' 

0-x;— ocH, 

Methyl  zinco- 
dlethoxalate. 


+     2Zn'C,H5    =    Zn'OCH,    + 


(C,H6),C— OZn' 

0=C— OCHg 

Methvlio 

zlnco-dietnoxalate. 


(C,H,),C-OH 

+    HOH    =    Zn'OH    + 

0=C— OCH, 

Methyllo 
diethoxalate. 


The  methylic  diethoxalate  is  easily  decomposed  by  baryta-water,  yielding 
methyl  alcohol  and  barium  diethoxalate :     . 

(CjH6),C— OH  (C,H5),C— OH 

I  +    Ba'OH    s=    (CH,)OH    +  I 

COjCH,  COjBa' 

and  this  salt  decomposed  by  sulphuric  acid  yields  diethoxalic  acid, 
qu'^^^jCq  h  i  isomeric  with  leucic  acid. 

In  the  first  stage  of  the  process,  it  is  found  better  to  use  a  mixture  of 
ethyl  iodide  with  metallic  zinc,  which  produces  zinc  ethide,  instead  of  the 
latter  compound  previously  prepared.  The  other  tertiary  lactic  acids  are 
prepared  in  a  similar  manner. 

Beactiona. — 1.  All  the  acids  of  the  series,  C^Hj^O,,  are  reduced  by  hydri- 
odic  acid  to  the  corresponding  monatomio  acids,  C^U^O,,  e.  g.j  lactic  to  pro- 
pionic acid : 

C,HeO,    +    2HI    =    H,0    -f    I,    +     C,HeO, . 

By  the  action  of  phosphorus  pentaehloride,  both  their  hydroxyl  groups  are 
replaced  by  chlorine ;  thus  glyooUic  acid  yields  glycollyl  chloride,  or  chlor- 
acetyl  chloride,  CH,C1.C0.CI : 


^^2<C0,H    + 
Glyeollic  aoid. 


2Pa, 


2P0C1,   +    2Ha    +    CH,<| 


a 


coa 

Jllyl 
chloride. 


Glycollyl 
ifo 


The  chlorine  in  the  group  COCl  of  the  resulting  chlorides  is  easily  attacked 
by  water  and  alcohols,  forming  acids  or  ethers  :  chloracetyl  chloride,  for 
example,  yielding  chloracetic  acid,  CHjCl.CO.OH,  or  its  ethers. 

2.  The  ethers  of  the  tertiary  lactic  acids,  when  treated  with  PCls  or 
P,0(,  are  converted  (by  abstraction  of  H^O)  into  ethers  of  the  acrylic  series 


*  To  ■implify  the  equations,  the  equivalent  of  zinc  {Zn,'»22,b)  is  used  instead  of 
the  atom  (66). 
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(p.  714),  e.  g.,  ethjiic  dimethoxalate,  (CH,),COH— COjCA,  into  ethjlio 
methjlacrylate, 

gj^);c-co,c.H.. 

3.  The  isolaotio  acids,  when  deprived  of  the  elements  of  water  by  the 
action  of  heat  or  otherwise,  are  converted  into  anhydrides,  which  may 
be  of  three  kinds.  If  the  elements  of  1  mol.  H,0,  are  removed  partly 
from  one  and  partly  from  another  molecule  of  the  acid,  and  the  two  resi- 
dues unite,  the  result  is  an  anhydride  of  the  first  order,  differing  in  con- 
stitution and  properties  according  as  the  two  hydrogen-atoms  are  taken 
from  the  carbozyl-groups,  or  from  the  alcoholic  hydrozyls ;  in  the  former 
case,  the  product  is  an  acid  anhydride;  in  the  latter,  an  alcoholic 
anhydride,  or  anhydro-acid;  thus: 


H, 


PP^O.OH         —        l^U        «  „p^0>>" 

Glycolllc  aeid  (S  moL).  OlycoUlo  anhydride. 

.OH  ^^<COOH 

DiglleoUic  acid. 


=.c<:^.. 


If,  on  the  other  hand,  one  molecule  of  water  is  removed  from  one  mole- 
cule of  the  acid,  the  remainder  couBtitutee  an  anhydride  of  the 
second  order;  e,g.: 

CH,.OH  CH-s^ 

CO.OH  CO  -^^ 

Olycollio  aold.  Olyoolllde. 

GlycolUo   Acid,  C,H«0,8sCH,<^^g.— This  acid  is  produced 

in  a  variety  of  reactions,  some  of  which  have  been  already  mentioned,  viz., 
the  oxidation  of  glycol  by  contact  with  platinum  black  or  by  treatment 
with  dilute  nitric  acid  ;  the  decomposition  of  amidacetic  acid  (glycocine) 
by  nitrons  acid ;  the  action  of  water  or  alkalies  on  bromacetic  and  chlor- 
acetic  acid,  or  their  salts  (p.  690),  e.  ^.,  by  boiling  silver  bromacetate  with 
water: 

CjHjBrAgO,    +    H,0    =s    AgBr    +    CjH^O,. 

It  is  also  produced :  «.  By  the  action  of  alkalies  on  glyoxal  uid  glyozy- 
lie  acid. 

C,H,0,        +        H,0        a=        CjH^Og 
QlyoxaL  Olyeolllc  aold. 

2C,H,0,    +    H,0    =    C,ILO,    +    aH,0, 

Qlyoxylllo  Oxalio  Oryeollio 

aoid.  aold.  Aoid. 

6.  Together  with  glyoxal,  glyoxylic  acid,  and  other  products,  by  the  ac- 
tion of  nitric  acid  upon  alcohol. 

y.  By  the  action  of  nascent  hydrogen  (evolved  by  zinc  and  sulphuric 
acid)  upon  oxalic  acid : 

CjHjO^        +        2H,        SB        H,0        4-        CjH^O,. 


/ 


■j 
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Glycollic  acid  differs  somewhat  in  its  properties,  according  to  the  man- 
ner in  which  it  is  prepared,  being  sometimes  syrupy  and  uncrystallizable, 
sometimes  separating  from  its  solution  in  ether  in  large  regular  crystals. 
It  has  a  very  sour  taste,  dissolves  easily  in  water,  alcohol,  and  ether ;  melts 
at  780  or  790  C.  (172.4C>-174.20  F.);  begins  to  boil  at  100© ;  decomposes 
when  heated  to  above  150O  C.  (302^  F.)*  AH  the  glycollates  are  more  or 
less  soluble  and  crystallizable. 

The  calcium  salt,  (C2H30g)2Ca+2H,0,  is  slightly  soluble  in  cold  water, 
and  crystallizes  in  needles.  The  silver  salt,  G^fi^kg-^-^YLfi,  is  also 
sparingly  soluble.  The  eihylic  ethery  CsHgO^.C^H,,  is  a  liquid  having  a  spe- 
cific gravity  of  1.03,  and  boiling  at  15(P  C.  (302PF.). 

Acid  and  Alcoholic  Derivatives  of  Glycollic  Acid, — ^The  alcoholic  hydrogen 
of  glycollic  acid  may  be  replaced  either  by  acid  or  by  alcoholic  radicles. 
The  acid  derivatives  are  formed :  «.  By  heating  glycollic  acid  with  mou- 
atomio  acids : 

CHjOH.COjH    +    CjHjO.OH    =    H,0    +    CHg<^Q»||» 


Glycollio  acid.  Acetic  acid.  AcetoglycoUio 

aoid. 


^.  By  the  action  of  the  alkali-salts  of  monatomlc  aoids  on  monochlor- 
acetic  acid : 

CH,a--CO,H    +      C^HjO.OK    =s     KCl     +    CH,<^^'26^ 

Ohloracetio  Potasgium  BeozoglyooUlo 

aeid.  beazoate.  aoid. 

The  alcoholic  derivatives  are  formed  by  the  action  of  sodium  alcoholates 
on  chloracetic  acid : 


CHjCl— COjNa    +    CjHjONa    =    NaCl    +    CH,<^^»^* 
Ohloraoetate.  Etbylate.  Ethyl-glycollate. 


Methyl-glycollic  acid,  CH,OCH,.CO,H,  boils  at  1980  C.  (384.40  F.)  ;  ethyl- 
glycollic  acid,  CHjOCjHg.COjH,  at  206O  C.  (402.8©  F.).  Both  are  perma- 
nent in  the  air,  and  are  not  decomposed  by  boiling  with  alkalies. 

^RA^ru/e«.  — Diglyoollic    acid,    Cfifi^^2C^Bfi^—EJ0  ss 

<f'H  — COOH 
^jt' COOH*  *^^  called  Paramalic  acid, — ^This  acid,  isomeric  with 

malic  acid,  and  related  to  glycollic  acid  in  the  same  manner  as  diethenic 
alcohol  to  glycol,  is  produced  by  the  dehydration  of  glycollic  acid,  and  by 
the  oxidation  of  diethenic  or  triethenic  alcohol.  It  is  also  formed  in  the 
preparation  of  glycollic  acid  by  heating  sodium  ohloracetate  with  caustic 
soda,  which  in  fact  is  the  process  by  which  it  was  first  obtained  : 

C.HjClO,    -f    2NaH0    =    NaCl    +    H^O    +    CaHjNaO, 

OhlorAcetio  Sodium  gly- 

acid.  collate. 

C-HjaO,     +      C,H.NaO,      =      NaCl      +      C.HjO. 

Ohloracetio  Sodium.  Diglycollio 

acid.  glycoUate.  aoid. 

Diglycollic  acid  crystallizes  in  large  rhombic  prisms,  melting  at  150O  C. 
(302O  F.),  and  distilling  with  slight  decomposition  at  250O  C.  (4820  f.); 
easily  soluble  in  water  and  in  alcohol ;  not  decomposed  by  boiling  with 
alkalies.  It  is  bibasic,  forming  with  univalent  metals,  aoid  salts  contain- 
ing C4H5M'Oj,  and  normal  salts,  C4H4M,()8 ;  with  bivalent  metals  it  forms 
only  normal  salts>  C^H^M'^Oj.    The  coictufl}  salt  is  very  soluble. 
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Glycollio  Anhydride,  C^H^Oj  =  0<^^;^^q|  ,  obtained  by  ex- 
posing the  acid  for  a  few  days  to  the  vapors  of  sulphuric  anhydride,  is  a 
lustreless  powder,  melting  at  128O-130O  C.  (262.40-2600  F.);  insoluble  in 
alcohol,  ether,  and  cold  water ;  boiling  water  reconverts  it  into  glycollio 
acid  and  dissolves  it. 

Glyoollide,  C,H,0,  =  0<^   |      ,  is  formed  by  heating  glyooUic  acid 

to  150O  C.  (302O  F.).  It  is  a  white  amorphous  powder,  melting  at  I8OO 
C.  (3560  F.),  insoluble  in  cold  water,  reconverted  into  glyoolHc  acid  by 
boiling  with  water.  Heated  with  ammonia  it  yields  glyooUamide, 
CHaOH— CONH,. 

Lactic  or  Ozypropionio  Acids,  ^a^e^t  —  ^A'^icO.OH  * 
— ^f  these  acids  there  are  two  isomeric  modifications,  viz.  :— 
CH,  CHjOH 

CHOH  CHj 

COOH  CO.OH 

flt-Iiaotlo  or  ig-Lactio  or 

Ethidene-Uotio  aoid.  Ethene-laetic  acid. 

1.  Ethidene-lactic,  or  Zaolactio  Acid,  HOHC<^^'j^ ,  is  the  ordi- 
nary lactic  acid  produced  by  a  peculiar  fermentation  of  sugar  and  other 
carbohydrates,  hence  called  fermentation  lactic  acid.  It  is  also  produced  by 
the  first,  second,  fourth,  and  fifth  of  the  general  reactions  already  men- 
tioned (p.  726),  viz.,  by  oxidation  of  «-propene-glycol ;  by  the  action  of 
moist  silver  oxide  on  a-chloropropionic  acid ;  by  the  action  of  hydrocyanic 
and  hydrochloric  acid  on  aldehyde ;  and  by  that  of  nitrous  acid  on  «-ami- 
dopropionic  acid  (alanine);  and  lastly,  by  the  action  of  nascent  hydrogen 
on  pyruvic  acid  :— 

<CH-  CHa 

I  J, 

CH        +     H,    -=     CH.OH 

CO,H  COaH 

Preparation  of  Ordinary  Lactic  Add  hy  Fermentation, — ^Various  kinds  of 
sugar  and  dextrin,  when  subjected  to  the  action  of  particular  ferments, 
are  converted  into  lactic  acid,  the  change  consisting  in  a  resolution  of  the 
molecule,  preceded  in  some  cases  by  the  assumption  of  the  elements  of 
water  :— 

C«H,;0,  «  2C,H.O, 

Olucose.  Iiaotio  Aoid. 

C.,H„Oi,        4.        H,0        »       4C,H,0, 
Milk  sugar.  Iiactlo  add. 

This  lactous  fermentation  requires  a  temperature  between  20O  and  40O  C. 
(680  and  104P  F.),  and  the  presence  of  water  and  certain  ferments— viz., 
albuminous  substances  in  a  peculiar  state  of  decomposition,  such  as  casein, 
glutin,  or  animal  membranes,  especially  the  coating  of  the  stomach  of  the 
calf  (rennet),  or  of  the  dog,  or  bladder.  According  to  Pasteur  and  others, 
it  depends  upon  the  presence  of  a  peculiar  fungus,  PenicUlium  glaucum  (p. 
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568).  The  following  is  a  good  method  for  preparing  the  acid  in  consider- 
able quantity :  2  gallons  of  milk  are  mixed  with  6  pounds  of  raw  sugar, 
12  pints  of  water y  8  ounces  of  putrid  cheese,  and  4  pounds  of  chalk,  which 
should  be  mixed  up  to  a  creamy  consistence  with  some  of  the  liquid.  This 
mixture  is  exposed  in  a  loosely  covered  jar  to  a  temperature  of  about  3(P 
C.  (8GO  F.),  with  occasional  stirring.  The  use  of  the  chalk  is  to  neutralize 
the  lactic  acid,  which  would  otherwise  coagulate  the  casein,  render  it  in- 
soluble, and  thereby  put  a  stop  to  the  process.  At  the  end  of  two  or  three 
weeks  it  will  be  found  converted  into  a  semi-solid  mass  of  calcium  lactate, 
which  may  be  drained,  pressed,  and  purified  by  re-orystallization  from 
water.  The  lactate  may  be  decomposed  by  the  necessary  quantity  of  pure 
oxalic  acid,  the  filtered  liquor  neutralized  with  zinc  carbonate,  and,  after 
a  second  filtration,  evaporated  until  the  zinc-salt  crystallizes  out  on  cool- 
ing. If,  in  the  first  part  of  the  process,  the  solid  calcium  lactate  be  not 
removed  at  the  proper  time  from  the  fermenting  liquid,  it  will  gradually 
redissolve  and  disappear,  being  converted  into  soluble  butyrate  (p.  703). 
An  important  modification  of  this  process  consists  in  employing  commercial 
zinc-white  instead  of  powdered  chalk,  which  yields  at  once  difficultly 
soluble  zinc  lactate,  easily  purified  by  recrystallization.  The  zinc  lactate 
may,  lastly,  be  redissolved  in  water  and  decomposed  by  sulphuretted  hy- 
drogen, in  order  to  obtain  the  free  acid.  Together  with  the  lactic  acid  a 
certain  quantity  of  mannite  is  invariably  formed.  This  is  separated  by 
agitating  the  concentrated  aqueous  solution  with  ether,  in  which  the  lactic 
acid  alone  is  soluble. 

Lactic  acid  may  be  extracted  from  a  great  variety  of  liquids  containing 
decomposing  organic  matter,  as  sauerkraut,  a  preparation  of  white  cabbage, 
the  sour  liquor  of  the  starch-maker,  etc. 

Solution  of  lactic  acid  may  be  concentrated  in  the  vacuum  of  the  air- 
pump,  over  a  surface  of  oil  of  vitriol,  until  it  appears  as  a  colorless, 
syrupy  liquid,  of  sp.  gr.  1.215.  It  has  an  intensely  sour  taste  and  acid 
reaction  :  it  is  hygroscopic,  and  very  soluble  in  water,  alcohol,  and  ether. 

By  prolonged  evaporation  over  sulphuric  acid  it  is  partly  resolved  into 
water  and  anhydride,  and  by  distillation  it  splits  up  into  laotide,  CgH^O,, 
aldehyde,  carbon  monoxide,  and  water. 

By  oxidation  with  chromic  acid  mixture  lactic  acid  yields  formic  and 
acetic  acids.  Boiled  with  dilute  nitric  acid,  or  with  dioxide  of  lead  or 
barium,  it  is  converted  into  oxalic  acid.  Distilled  with  dilute  sulphuric 
acid  and  dioxide  of  lead  or  manganese,  it  yields  a  large  quantity  of  alde- 
hyde, together  with  carbon  dioxide.  Hydriodic  acid,  or  a  mixture  of 
phosphorus  tetriodide  and  water,  reduces  it  to  propionic  acid,  with  libera- 
tion of  iodine : 

C,H,0,    +    2HI    »    C,H^O,    -f    H,0    +     I,. 

By  heating  with  hydrobromic  acid  it  is  converted  into  «-bromo-propionio 
acid : 

CH^— CH(OH)— CO,H    4-    HBr    =    H,0    +  'cH,r-CHBr— CO,H. 

Lactates. — ^The  best  defined  of  these  salts  are  represented  by  the 
formulae,  M'C-jHjOg  and  M^CCsHjO,),.  Barium  and  calcium  also  form  acid 
lactates,  e.  g,,  Ca(C,H503),.2C,H,Oj.  The  lactates  are,  for  the  most  part, 
sparingly  soluble  in  cold  water,  and  effloresce  rapidly  from  their  solutions : 
they  are  all  insoluble  in  ether.  When  heated  with  excess  of  strong  sul- 
phuric acid,  they  give  off  a  large  quantity  of  pure  carbon  monoxide. 

iSbc/iiMiiiacia/fijCgHjiOjNassCH,— CH<^Q  ^^  ,  obtained  by  neutralizing 
the  acid  with  sodium  carbonate,  is  an  amorphous  mass,  which,  when  heated 
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with  metallic  sodiam  is  oonyerted  into  disodic  lactate,  CH,^qq  «^    ,  the 

alcohol  hydrogen  being  likewise  replaced  by  sodium. 

Calcium  lactatey  (C,H50s)2Ca  -|-  bHfij  is  obtained  In  the  fermentation 
process  above  described,  or  by  boiling  aqueous  lactic  acid  with  calcium 
carbonate.  It  dissolves  in  9.5  parts  of  water  at  ordinary  temperatures. — 
Zinc  lactate,  (C8H503)2Zn  +  3HjO,  gives  oflf  its  water  quickly  at  lOOO,  dis- 
solves in  6  parts  of  boiling  water,  in  5.8  parts  of  cold  water,  and  is  nearly- 
insoluble  in  alcohol. — Ferrous  lactate  is  precipitated  in  small  yellowish, 
needles  on  mixing  ammonium  lactate  with  ferrous  chloride  or  sulphate. — 
Ferric  lactate  is  a  brown  deliquescent  mass. 

Lactic  Ethers.— Lactic  acid,  like  the  other  members  of  the  group, 
can  form  three  different  ethers  containing  the  same  univalent  alcohol- 
radicle,  according  as  the  alcoholic  or  the  basic  hydrogen-atom,  or  both, 
are  replaced  ;  thus  : 

CgH^OH  CjH^OCjHj  C,H^OH  CfifiCfis 

COOH  COOH  COOaH.  COOCH, 


COOCJEL  COO 

Monethylic     Diethyl 

lactate.  or  etni 


Laotio  aoid.  Ethyl-lactio  Monethylic     Diethylic  lactate, 

aoid.  lactate.  or  etnylic  ethyl- 

lactate. 

Monethylic  lactate,  CjHjOg.CjHj,  is  produced  by  distiUing  potassium  or 
sodium  lactate  with  potassium  ethylsulphate.  It  is  a  syrupy  liquid,  boil- 
ing at  17eo  C.  (348.80  p.).     Potassium  dissolves  in  it,  with  evolution  of 

CjH^OK 
hydrogen,  forming  ethylio  potassiolaotate,   |  . — Ethyl-lactie 

COOCjHg 
acid,  CjH^COCjHs)— CO,H,  is  obtained  as  a  potassium  or  calcium  salt  by 
decomi)osing  diethylic  lactate  with  potash  or  milk  of  lime.  When  sepa- 
rated from  these  salts  by  sulphuric  aoid,  it  forms  a  viscid  liquid,  boiling 
with  partial  decomposition  between  195©  and  IdBP. -^Diethylic  lactate^ 
CjH/OCjHg)— COaCjHg,  is  produced  by  the  action  of  ethyl-iodide  on  ethyl 
potassiolaotate,  and  by  that  of  sodium  ethylate  on  ethyl  chloropropionate : 

C.H,C1— COC,H.    +    NaOC,HB    «    NaQ    +    C,H,(0C,H.)--C0,C,H4 
Ethyl  chloropro-  Sodium  Dlethvlio 

pionate.  ethylate.  lactate. 

Methyl-lactic  acid,  CjHjCCHj)©,,  and  its  zinc  and  silver  salts  have  also 
been  obtained. 

The  alcoholic  hydrogen  of  lactic  acid  may  also  be  replaced  by  acid  radi- 
cles, forming  such  compounds  as  acetolactio  aoid,  CjH^^^q*^'  . 

Lactyl  Chloride,  CaH^OClj,  or  a-Chloropropionyl  Chloride,  CjH^Cl— COCl,  is 
obtained,  together  with  phosphorus  oxychloride,  by  gently  heating  a  mix- 
ture of  calcium  lactate  with  phosphorus  pentachloride.  It  is  a  colorless 
liquid,  boiling  above  lOOO,  and  decomposed  by  water,  forming  hydrochloric 
and  chloropropionic  acids.  With  alcohol  it  forms  ethylic  .-chloropropi- 
onate.   By  heating  with  alkalies  it  is  converted  into  lactic  acid. 

Lactic  Anhydbides. — 1 .  Dilactic  acid,  C^H ^fi^ «  SCjH^O, — H,0 ■» 

TT  f PH     CO  H 

'    O"^  '     ,  formed  by  heating  lactic  acid  to  130O-.200O  C.  (266^ 

H-C-ACH— CO,H  ^  ,     .      ,  V,     . 

3920  F.),  is  an  amorphous  mass,  very  bitter,  and  nearly  insoluble  in 
water,  but  reconverted  into  lactic  acid  by  prolonged  boiling  with  water. 
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2.  Lactide,  C^Ufi^^UC — CH,,  the  second  anhydride  of  lactic  acid, 

o— CO 

is  obtained  bj  distillation  of  lactic  or  dilactic  acid,  and  maj  be  obtained 
pure  by  evaporating  the  distillate,  washing  the  residue  with  cold  alcohol, 
and  crystallizing  it  from  hot  alcohol.  Lactide  thus  purified  crystallizes  in 
rhombic  plates  which  melt  at  107^  C.  (224.6*^  F.)  ;  it  dissolves  gradually 
in  water. 

Parcdactic  or  Sarcolactic  acid  is  a  modification  of  lactic  acid,  existing  in 
the  animal  organism,  especially  in  muscular  flesh,  from  which  it  may  be 
extracted  by  cold  water  or  dilute  alcohol.  It  is  most  easily  prepared  from 
Liebig's  extract  of  meat.  It  agrees  in  all  its  reactions  with  fermentation 
lactic  acid,  and  must  therefore  have  the  same  chemical  structure— that  is 
to  say,  it  must  be  an  ethidene-lactio  acid — but  it  differs  from  ordinary 
lactic  acid  in  its  relation  to  polarized  light,  inasmuch  as  it  turns  the  plane 
of  polarization  to  the  left,  whereas  ordinary  lactic  acid  is  optically  inactive. 
Hence  it  is  inferred  that  the  two  modifications,  though  chemically  identical, 
differ  from  one  another  in  physical  structure ;  in  other  words,  that  tlie 
difference  between  them  consists,  not  in  the  arrangement  of  the  atoms 
within  the  molecules,  but  in  the  arrangement  or  modification  of  the  mole- 
cules amongst  themselves.  There  are  other  cases  of  difference  in  physical 
character  coexisting  with  chemical  identity,  which  are  attributed  to  a 
similar  difference  of  physical  structure,  as  in  the  several  modifications  of 
turpentine  oil. 

Some  of  the  paralactates  differ  from  the  ordinary  lactates  in  solubility 
and  other  characters  ;  thus  : 


Calcium  Salts. 


Zinc  Salts. 


Lactate. 


(C^HjOOaCa  +  5H.p ;  nod- 
ular groups  of  needles, 
soluble  in  9.5  parts  of 
cold  water. 

(C,H50a)jZn  +  3H,0 ;  slen- 
der noodles,  soluble  in 
58  parts  of  cold  water. 


Paralactate. 


4-4II2O ;  soluble  in 
12  parts  of  cold 
water. 


+2HjO ;  thick  shin- 
ing prisms,  soluble 
in  17  parts  of  water 
at  150  c.  (590  F.). 


Paralactic  acid  heated  to  130O  C.  (2G60  F.)  yields  dilactic  acid,  convert- 
ible by  water  into  ordinary  lactic  acid. 

CHa— OH 
2.  Bthene-lactio  or  Hydraoryllo  Aoid,    |  . — ^This  acid  is 

CH^— COjH 
produced  by  heating  tf-iodopropionic  acid  with  moist  silver  oxide ;  CHjI — 
CH,— COjH  -h  AgOH  =  Agl  -\-  CH,OH— CH^— COjH.  It  is  a  thick,  uncrys- 
tallizable  syrup,  which,  when  heated  alone  or  boiled  with  sulphuric  acid 
diluted  with  an  equal  weight  of  water,  is  converted  by  dehydration  into 
acrylic  acid : 

CH,— OH  CH, 

I  -    H,0      =       !! 

CH,— CO,H  CH— CO,H . 
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By  heating  with  hydriodlo  acid,  it  is  reoonrerted  into  /8-iodopropionio  acid ; 
bj  oxidation  with  chromic  acid  mixture,  or  nitric  acid,  it  yields  oxalic  acid 
and  carbon  dioxide.  When  heated  with  silver  oxide  it  is  converted  into 
oarbacetoxylic  acid,  C3H4O4. 

The  metallic  hydracrylates  are  crystallizable.  The  todium  salt,  C^HgOsNa, 
crystallizes  in  flat  prisms,  which  melt  without  loss  of  weight  at  1420-1480 
C.  (287.6Q-298.40  F.),  but  give  oflf  water  at  150O  C.  (302O  p.),  leaving 
sodium  acrylate,  C,H,0,Na.  The  calcium  salt  (C,H^O,),Ca  +  2U^0,  forma 
large  rhombic  prisms,  which  give  off  their  water  of  crystallization  at  lOOO. 
The  dehydrated  salt  unites  without  alteration  at  140O-145O  C.  (284-2930 
F.),  but  at  190O  C.  (374P  F.)  it  gives  off  water,  and  is  converted  into 
acrylate  (CjH50j),Ca— 2H,0  =  (C,HjO,)jCa.  The  zinc  salt,  (CsH,0,)^n  4- 
4H2O,  crystallizes  from  a  moderately  strong  solution  in  large  shining  prisma, 
soluble  in  an  equal  weight  of  water  at  150  C.  (590  F.).* 

Ozybatyrlo  Aoids,  C^HgOjaaCjH^-cC^Qg.— Five  of  these  acida 
ftre  theoretically  possible,  and  four  are  known. 

1.  a-Oxyhutyrie  acid,  CII^--CH,—CHOH—CO,H,  is  formed  by  heat- 
ing «-bromobutyric  acid  with  moist  silver  oxide,  or  with  aqueous  potash. 
It  is  crystalline,  very  deliquescent,  and  melts  at  43Q  IIQ  C.  (109. •ic^ 
111.20  F.).  Its  salts  are  crystalline,  the  zinc-salt,  (JC^B.^fi^fLu,  forming 
white  laminao,  slightly  soluble  in  cold  water. 

2.  A-Oxybutyrie  acid,  CH,—CHOH—CH,—CO,H,  is  produced  by  boil- 
ing ^bromobutyric  acid  with  silver  oxide :  by  the  action  of  sodium  amal- 
gam on  ethylic  aceto-acetate : 

CO<^£cOrC.H.        +        n.        =        CHOH<CH.^^^^^^ . 

by  the  oxidation  of  aldol,  CH^— CHOH— ^H.^— CHO  (p.  675)  ;  and  appa- 
rently also  by  heating  propene-chlorhydrin,  CH,.CH0II.CH,C1,  with  po- 
tassium cyanide,  whereby  it  is  converted  into  the  corresponding  cyanhy- 
drin,  and  saponifying  the  latter  with  potash.  The  free  acid  is  an  uncrys- 
tallizable  syrup  ;  the  calcium  salt,  (C4H^0,),Ca,  crystallizes  with  difficulty. 
The  acid  obtained  from  propene-chlorhydrin  is  resolved  by  distillation  into 
water  and  solid  crotonic  acid,  CH^ — CU:z:CH — COjH. 

*  Acoordinf^  to  Wlslioenus  (Lieblg's  Annalen,  elxv.  0),  hydraorvlle  aold  prepared 
from  ^lodopropiODic  acid  is  not  identioal  with  ethene-lac tic  acid  prepared  by  com- 
bining ethene  with  carbonyl  chloride  (phosgene),  and  decomposing  the  resulting 
compound  with  water : 

OH,  CHjCI 

|1        +  OOCl,    -       I 
CH,  CH«  COCl 

OHsOl  CH,.OH 

and  1  +  SHflO     ^      SHOl     +       I 

(iH^COOl  CHa.OOOU 

The  ethene-lactio  add  thus  obtained  is  converted  by  oxidation  with  ehromio  acid 
or  nitric  acid  into  malonio  acid,  COOH — OU.— <^OOH,  whereas  hydraorylio  acid, 
as  above  stated,  is  resolved  thereby  into  oxalic  acid  and  carbon  dioxide.  More- 
over, the  salts  of  hydracryhc  acid  are  crystalline,  whereas  those  of  ethene.Iaetio 
acid  are  amorphous.  To  account  for  these  diflTercnccB,  Wisliccnus  assigns  to  hy- 
dracryllc  acid  the  formula,  CUsOU— COU— OHOH,  and  corresponding  formulas  to 

'— O— 
^•iodopropionio  acid  and  acrylic  acid.    These  formulae,  however,  are  somewhat 
improbable,  as  they  do  not  contain  the  i^roup  COOH ;  moreover,  the  formation  of 
ethene-laottc  acid  from  ethene  in  the  mnnner  described  by  Wisliccnus  does  not  ap- 
pear to  be  well  established.   (See  Watts*s  Dictionary  of  Chemistry,  2d  SuppL,  718.) 
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3.  y-Oxyhutyric  acidy  or  Normal  Oxyhutyric  acid,  CH,OH — 
CH,— CH,— COjH,  is  prepared  from  succinic  acid,  CHO—CHj— CH^--CHO. 

4.  Oxyiaobutyric  acid,  yS^COH— COJH,  is  produced  : 

a.  By  the  action  of  hydrocyanic  and  hydrochloric  adds  on  acetone ;  hence 
calliid  acetonic  acid: 

HaCv^CO        +        HCN         a  ^»^COH— CN, 

]^»^COH— CN      +      2H,0      =      NH,      +       j^^COH— COOH. 

6.  From  ethyl  oxalate  by  the  action  of  methyl  iodide  and  zinc  (p.  714)  : 
hence  called  dimethyloxalic  acid.  y.  From  bromisobutyric  acid, 
(CH,)jCBr — CO,H,  by  boiling  with  baryta-water.  *.  By  oxidation  of  iso- 
pentene  glycol  (p.  608). 

Oxyisobutyric  acid  crystallizes  in  slender  prisms,  soluble  in  water  and  in 
ether.  It  sublimes  at  50O  C.  (1220  F.),  melts  at  790  C.  (174.20  F.),  and 
distils  at  2120  c.  (413. 60  F.).  Its  ethylic  ether,  treated  with  phosphorus 
trichloride,  is  converted  into  ethylic  methylacrylate : 

By  oxidation  with  chromic  acid  mixture,  oxyisobutyric  acid  is  resolved 
into  carbon  dioxide  and  acetone.  Its  barium  salt,  {Cfififi)^B&,  forms  shin- 
ing needles,  easily  soluble  in  water.  The  zinc  salt,  (C^H,Os)^n  -f  2H2O, 
crystallizes  in  shining  six-sided  prisms  or  tables,  sparingly  soluble  in  cold 
water. 

Ozyralerlc  Adds,  Cfi^fi^  =» C^H8<^q  ^  . — 1 .   a-Oxyisovaleric 

or   Isopropyl'hydroxalic  acid,  tt'^T^CH — ^^"^COH* — ^Thisacid, 

prepared  from  the  corresponding  bromovalerio  acid,  forms  large  tabular 
crystals,  easily  soluble  in  water,  melting  at  80O  C.  (1760  F.),  and  volatil- 
izing at  about  lOOO.  When  oxidized  with  chromic  acid  mixture,  it  yields 
carbon  dioxide  and  isobutyrio  acid. 

The  ethylic  ether  of  this  acid  is  formed,  together  with  that  of  oxyiso- 
caprylic  acid  (infra),  by  the  action  of  isopropyl  iodide  and  zinc  on  ethylic 
oxalate,  and  may  be  obtained  by  evaporating  the  potash-solution  used  in 
the  preparation  of  oxyisocaprylic  acid,  acidulating  with  sulphuric  acid, 
agitating  with  ether  and  evaporating  the  ethereal  solution.  The  oxy iso- 
valeric acid  then  remains  as  a  thick  liquid  which  solidif  es  in  the  exsic- 
cator. 

2.  Methyl-eihyloxalic  acid,  ^'^>  C<^Qg  ,  obtained  by  the  ac- 
tion of  a  mixture  of  methylic  and  ethylic  iodide  and  zinc  on  ethyl  oxalate, 
forms  white  crystals,  easily  soluble  in  water,  and  melting  at  630  C.  (145. 40 
F.).  Its  ethylic  ether  is  soluble  in  water,  boils  at  1650  C.  (3290  F.),  and 
is  converted  by  phosphorus  trichloride  into  the  ethylic  ether  of  methyl- 
orotonic  acid. 

Ozycaprolc  Aoids,  CeHi50j  =  C5Hip<^Q  Pj  . — 1.  Leucicacid,  pro- 
bably a-Oxycaproic  acid,  Cfig — CHOH — CO,H,  is  produced  by  the  action  of 
nitrous  acid  on  leucine  or  amidocaproic  acid  (see  Amides).  It  forms  needles 
or  monoclinic  prisms,  soluble  in  water,  alcohol,  and  ether,  melting  at  about 
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730  C.  (163.40F.),  and  volatilizing  at  lOOO.  When  heated  for  sometime 
at  that  temperature,  it  gives  off  water,  and  leaves  a  syrupy  oxide  or  an- 
hydride. It  forms  crystallizable  salts  analogous  to  the  lactates  ;  the  zinc 
salt  crystallizes  in  shining  scales. 

2.  Diethyloxalic  acid,  (C,H5)3,C<^q  ^  ,  formed  by  the  action  of 

ethyl  iodide  and  zinc  an  ethylic  oxalate,  is  crystalline,  easily  soluble  in 
water  and  ether,  molts  at  74.50  c.  (166. lO  p.),  and  sublimes  at  about  5(P  C. 
(1220  F.).  Its  methylic  ether  boils  at  1650  C.  (320O  F.),  and  is  converted 
by  the  action  of  phosphorus  trichloride  into  methylic  ethylcroto- 
n  ate  (p.  718).  The  free  acid,  oxidized  by  chromic  acid  mixture,  yields 
diethyl-ketone,  C0(C,H5). 

Ozyisoheptoio    or  Amylhydrozallo  Aoid,  CjE^fi^^^ 
"h>^^OH'  ^^  Dlamyl-oxalio  Add,  CuH^O,  = 

r  h"!^  C  ^pq  h  ,  are  formed  by  the  action  of  zinc  and  isopentyl  iodide 

on  ethylic  oxalate.  The  former  is  a  thick  syrup  ;  its  ethylic  ether  boils 
at  2030  C.  (397.40  F.).  The  latter  crystallizes  in  silky  needles,  is  nearly 
insoluble  in  water,  and  melts  at  1220  C.  (251.6©  F.).  Its  ethylic  ether 
boils  at  262P  C.  (503. 60  F.). 

Ozylsooaprylio  or  Dl-isopropylozalio  Aoid, 

CgHijO,  =  (C8H7)3jC<[[nQ  u ,  obtained  by  the  action  of  isopropyl  iodide 

and  zinc  on  ethylic  oxalate,  forms  slender  needles,  slightly  soluble  in 
water,  melts  at  llOQ-lllO  0.(2300-231.80  F.),  and  sublimes  at  a  moderate 
heat. 


C, 


Carbonic  Acid,  CHjO,  =  C0<^^  .— This  acid  belongs  to  the 

lactic  series,  so  far  as  its  constitution  is  concerned,  being  derived  from  the 

unknown  methene  glycol,  CHj<^q„  ,  by  substitution  of  0  for  H,  ;  but  it 

differs  from  all  the  other  acids  of  the  series  in  being  bibasic,  both  the  hy- 
droxy 1  groups  contained  in  it  being  immediately  connected  with  an  atom 
of  oxygen,  so  tliat  either  of  the  hydrogen-atoms  may  be  regarded  as 
belonging  to  the  group  CO,H. 

Carbonic  acid  itself,  or  hydrogen  carbonate,  is  not  known,  inasmuch  as 
when  a  metallic  carbonate  is  decomposed  by  a  stronger  acid,  the  hydrogen 
carbonate,  CU,0„  always  splits  up  into  water  and  carbon  dioxide,  which 
escapes  as  gas.  The  corresponding  sulphur  compound,  CH,S,,  is,  how- 
ever, obtained  as  an  oily  liquid  when  a  metallic  thio-carbonate  is  decom- 
posed by  an  acid  (p.  201). 

With  the  alkali-metals  carbonic  acid  forms  acid  and  normal  or  neutral 
salts,  according  as  one  or  both  of  the  hydrogen-atoms  are  replaced ;  e.  ^., 

Acid  sodium  carbonate,      CHNaO,,  or  CO<^S 
Normal  sodium  carbonate,  CNa,Os,  or  C0(0Na)2. 

With  dyad-metals,  carbonic  acid  forms  only  normal  salts,  CM'^O,,  and 
basic  salts ;  the  so-called  acid  carbonates  of  barium,  calcium,  etc.,  are 
known  only  in  solution,  and  are,  in  fact,  merely  solutions  of  neutral  car- 
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bonates  in  aqueous  carbonic  acid,  which  give  off  carbon  dioxide  on  boil- 
ing. The  basic  carbonates  of  dyad  metals  may  be  viewed  as  compoands 
of  normal  carbonates  with  metallic  oxides  or  hydrates ;  for  example,  slaked 
lime,  produced  by  exposing  quicklime  to  moist  air,  has  the  composition  of 
a  dicalcic  carbonate,  CaO.CaCO,.Aq. ;  and  native  green  copper  carbonate, 
or  malachite,  consists  of  CuO.CuCO,  -f-  H^O.  These  basic  carbonates  may, 
however,  be  viewed  in  another  way,  namely,  as  derived  from  a  tetratomio 
carbonic  acid,  or  ortho-carbonic  acid,  CH^O^,  or  C (OH)^,  analogous 
to  methane  and  carbon  tetrachloride ;  thus,  dicalcic  carbonate  s=s  CCa^O^^* 
H,0  ;  malachite  =  CCujO^  +  H,0  . 

With  metals  of  higher  atomicity,  carbonic  acid  does  not  form  definite 
salts. 

Carbokic  Ethers. — The  only  carbonic  ethers  known  are  those  in  which 
the  two  hydrogen-atoms  of  carbonic  acid  are  replaced  either  by  two  equi- 
valents of  a  monad  alcohol-radicle,  or  by  one  equivalent  of  a  monad  alco- 
hol-radicle and  one  equivalent  of  metal. 

Ethi/l  carbonate,  (C,H5),C0,,  is  formed  by  the  action  of  ethyl  iodide  on 
silver  carbonate : — 

AgjCO,    +     2C,H,I    «    2AgI    +     (PfiOfiO^'f 

also  by  the  action  of  potassium  or  sodium  on  ethyl  oxalate,  (02H5)2C,O4 ; 
this .  reaction  is  not  quite  understood,  but  it  amounts  to  the  removal  of 
carbon  monoxide,  or  carbonyl,  CO,  from  the  oxalic  ether.  Fragments  of 
potassium  or  sodium  are  dropped  into  oxalic  ether  as  long  as  gas  is  dis- 
engaged :  the  brown  pasty  product  is  then  mixed  with  water  and  distilled. 
The  carbonic  ether  is  found  floating  upon  the  surface  of  the  water  of  the 
receiver  as  a  colorless,  limpid  liquid  of  aromatic  odor  and  burning  taste. 
It  boils  at  125^  C.  (257^  F.),  and  is  decomposed  by  an  alcoholic  solution 
of  potash  into  potassium  carbonate  and  alcohol.  By  chlorine  in  diffused 
daylight  it  is  converted  into  dichlorethyl  carbonate,  (CgH,Cl,)2C0„  and  in 
sunshine  into  pentachlorethyl  carbonate,  (CjCyjCO,  . 

Ethyl-potcusium  carbonate,  (C2H5)KC03,  is  produced  by  passing  carbonic 
acid  gas  into  a  cooled  solution  of  potassium  hydroxide  in  absolute  alcohol : 

Cfifi    +    KHO    +    CO,    =    H,0    +    (CjH5)KC0, . 

It  is  a  white  nacreous  salt,  decomposed  by  water  into  potassium  carbonate 
and  alcohol. 

Ethyl-methyl  carbonate,  (C2H5)(CH3)C03,  is  obtained  by  distilling  a  mix- 
ture of  ethyl-potassium  sulphate  and  methyl-potassium  carbonate  :•— 

(C,H5)K.S0,    +     (CH3)K.C0i    =    K^SO,    +     (C2H5)(CH3).C03. 

Methyl-barium  carbonate,  (CH,)2Ba(COj)2,  is  obtained  as  a  white  precipi- 
tate by  passing  carbonic  acid  gas  into  a  solution  of  baryta  in  methyl 
alcohol. 

Carbonates  of  butyl,  amyl,  and  allyl,  analogous  .in  composition  to  ethyl 
carbonate,  have  also  been  obtained.  Phenyl-hydrogen  carbonate,  or  acid 
phenyl  carbonate,  (CgH5)HC0j,  is  identical  with  salicylic  acid,  which  will  be 
described  further  on. 

Ethyl  orthocarbonate,  CCOCjHg)^,  is  produced  by  heating  a  mixture  of 
ohloropicrin  (trichloro-nitromethane)  with  absolute  alcohol  and  sodium  : 

C(N0.)C1,    +    4NaOC2H5    =    3NaCl    +     NaNO,    -f     CCOC^H,), 
Ohloropicrin.  Sodium  Sodium  Sodium  Ethyl  ortho- 

ethyUte.  chloride.  nitrite.  cArbonate. 

It  is  a  colorless  oil,  boiling  at  1580L.159O  C.  (316.40^18.20  F.). 

62* 
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Thiocarbonic  or  Sulphocarboitic  Ethers. — ^These  are  bodies  having  the 
composition  of  carbonic  ethers  in  which  the  oxygen  is  replaced,  wholly  or 
partly,  by  sulphur.  The  following  table  exhibits  their  names  and  form- 
ula, the  ethyl  and  ethene  compounds  being  taken  as  examples : 

Ethyl-monothiocarbonio  acid       ....  (C,H5)H.C0,S. 

Diethylic  monothiocarbonate       ....  (CjH5),.G0^. 

Ethyl-dithiooarbonio  or  Xanthio  acid  .         •        .  (C,H5)H.C0S,. 

Diethylic  dithiocarbonate (C2H5)-.COS,. 

Ethyl-trithiocarbonic  acid (C,H5)H.CS,. 

Diethylic  trithiocarbonate (C,H5)j.CSj. 

Kthene  dithiocarbonate (CjH4).COS4. 

Ethene  trithiocarbonate (C^HJCSg. 

The  metallic  salts  of  the  acid  thiocarbonic  ethers  are  produced 
in  the  same  manner  as  those  of  the  carbonic  ethers :   thus  carbon  dioxide 
^csj  unites  with  potassium  sulphethylate  (mercaptide),  to  form  potassium 

*^  ^  ethylmonothiocarbonate,  just  as  it  unites  with  potassium  ethylate  to  form 

the  ethylcarbonate  ;  and,  in  like  manner,  carbon  bisulphide  acts  on  potas- 
sium ethylate  or  alcoholic  potash,  so  as  to  form  potassium  ethyldithiocar- 
bouate  ;  and  on  potassium  mercaptide,  or  an  alcoholic  solution  of  the  sol- 
phydrate,  so  as  to  form  the  ethyltrithiocarbonate,  thus  : 

C0«  +  (CtH5)K0  =  (C,H5)KC0,     Ethylcarbonate. 
CO,  +  (C,H,)KS  =  (CjHj)KCO^  Ethylmonothiocarbonate. 
CS,  +  (C,U5)K0  =  (C,H5)KC0S,  Ethyldithiocarbonate. 
CSg  +  (CjH5)KS  =  (CaH5)KCS,     Ethyltrithiocarbonate. 

The  neutral  thiocarbonic  ethers  (containing monatomio alcohol- 
radicles)  are  produced  by  the  action  of  the  chlorides,  bromides,  etc.,  of 
alcohol-radicles  on  the  metallic  salts  of  the  corresponding  acid  ethers ; 

(CaH5)KCS,    +     CgHjCl    »    KCl    +     (C^B^)fiS^. 

The  thiocarbonic  ethers  of  diatomic  alcohol-radicles  are  formed  by  the 
action  of  diatomic  alcoholic  bromides,  iodides,  etc.,  on  sodium  thiocarbon- 
ate  ;  e.g. : 

CjH^Br,    +    Na,CS,    =    2NaBr    -f     (CjHJCSj. 

The  neutral  thiocarbonic  ethers  are  oily  liquids ;  so  likewise  are  the 
acid  ethers,  such  at  least  as  are  known  in  the  free  state,  or  as  hydrogen 
salts  ;  their  metallic  salts  are  mostly  crystalline.  The  best  known  of  these 
compounds  are  the  ethyl-dithiocarbonates  or  xanthates. 

To  prepare  xanthic  acid,  alcohol  of  0.800  specific  gravity  is  satu- 
rated whilst  boiling,  with  potash,  and  into  this  solution  carbon  bisulphide 
is  dropped  till  it  ceases  to  be  dissolved,  or  until  the  liquid  loses  its  alka- 
linity. On  cooling  the  whole  to  — 180  C.  (0.4OF.),  the  potassium-salt 
separates  in  the  form  of  brilliant,  slender,  colorless  prisms,  which  must 
be  quickly  pressed  between  folds  of  bibulous  paper,  and  dried  in  a  vacuum. 
It  is  freely  soluble  in  water  and  alcohol,  but  insoluble  in  ether,  and  is 
gradually  destroyed  by  exposure  to  air,  by  oxidation  of  part  of  the  sul- 
phur. Xanthic  acid  may  be  prepared  by  decomposing  this  salt  with  dilute 
sulphuric  or  hydrochloric  acid.  It  is  a  colorless,  oily  liquid,  heavier  than 
water,  of  powerful  and  peculiar  odor,  and  very  combustible :  it  reddens 
litmus  paper,  and  ultimately  bleaches  it.  Exposed  to  gentle  heat  (about 
24P),  it  is  decomposed  into  alcohol  and  carbon  bisulphide.  Exposed  to 
the  air,  or  kept  beneath  the  surface  of  water  open  to  the  air,  it  becomes 
ooverod  with  a  whitish  crust,  and  is  gradually  destroyed.    The  xanthates 
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of  the  alkali- metals  and  of  barium  are  oolorless  and  crystallixable  ;  the 
calcium  salt  dries  up  to  a  gummy  mass  ;  the  xanthates  of  zino,  lead,  and 
mercury  are  white,  and  but  slightly  soluble  ;  that  of  copper  is  a  flocculent, 
insoluble  substance,  of  beautiful  yellow  color. 

Ethylic  dithiocarbonate  or  Xanthic  eUier^  (C2Hj)2.COS,,  obtained  by  the 
action  of  ethyl  chloride  on  potassium  xanthate,  is  a  pale-yellow  oil,  boil- 
ing at  200O  C.  (3920  p.)^  insoluble  in  water,  soluble  in  all  proportions  of 
alcohol  or  ether.     Ammonia-gas  passed  into  its  alcoholic  solution  forms 

<SP  H 
^ll  *,called  xanthamide: 

<l     6  I 

Amyl  dithiocarbonate,  CO(SC5Hi|)2,  treated  in  like  manner,  yields  amyl- 
xanthamide,  C0<^^^"  . 

Chlorocarbonlo  Bthers.  CO2CIR  or  CO<^j^  ,  [R  denoting  a 

monatomio  alcohol-radicle.]— These  compounds,  derived  from  carbonic 
ethers,  CO(OR)„  by  substitution  of  CI  for  one  of  the  groups  OR,  are  formed 
by  the  action  of  oarbonyl  chloride  (phosgene)  on  the  alcx)hols ;  e.  g, : 

CO<g}    +    HOCH,    -    HCl    +    CO<g[,ij^. 

Methyl  chlorocarbonate,  CO^CICCH,),  is  a  colorless  mobile  oil,  heavier  and 
more  volatile  than  water,  having  a  pungent  odor,  and  burning  with  a 
greenish  flame.  Gaseous  ammonia  converts  it  into  methyl  carbamate 
(urethane): 

C0<S;H.    +    NH.    =    HCl    +    co<N^^^. 

Ethyl  chlorocarbonate,  CO,Cl(OCjH^),  is  also  a  colorless,  very  mobile 
liquid,  the  vapor  of  which  is  very  irritating  to  the  eyes.  Speoiflo  gravity 
1.139  at  130  C.  (55.4P  P.).  Boiling  point,  94P  C.  (201.20  p.).  It  is  very 
inflammable,  burns  with  a  green  flame,  is  decomposed  by  hot  water,  and 
quickly  converted  by  ammonia  into  ethyl  carbamate. 
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These  acids  contain  the  group,  CO^H,  twice,  and  must  therefore  contain 
four  atoms  of  oxygen.  They  may  all  be  included  in  the  general  formula, 
R"(CO,H)„ — ^R  denoting  a  diatomic  hydrocarbon-radicle,^r  they  may 
be  regarded  as  compounds  of  oxygenated  radicles  with  two  equivalents  of 
hydroxyl,  e.g.,  succinic  acidaa(C4H^0,)"(0H),. 


l.-OxaUo  or  Sncnlnlo  Series,  C„H,,-,0„  or  C„H,,<^^;^g  . 


.OH 
»  ^n«to-i"4i  or  y^^n^<^^f^ 

The  known  acids  of  this  series  are  : 


Oxalic  aoid       .    .  .  C^Tlfi^ 

Malonic  aoid     .     .  .  CgH^O^ 

Succinic  acid    .     .  ,  €411,04 

Pyrotartaric  acid  .  .  C5Hg04 

Adipic  acid      .     .  .  0,11,^04 


Pimelio  aoid     .  .  0,11,504 

Suberic  acid     .  .  C„  [1,404 

Auchoic  acid    .  .  C9H,g04 

Sebio  acid    .     .  .  C,oH,g04 

Roccellio  add  .  ,  C„H„04 
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Thej  are  prodaced : — I.  Bj  oxidation  of  the  corresponding  glycols, 
R'^{CBfiH)jf  the  change  consisting  in  the  snhstitation  of  O,  for  U^  (p.  (>b3). 
In  this  manner  oxalic  acid,  C^H^O.,  is  formed  from  ethene  alcohol,  C,H^O^ 
and  malonic  acid,  CjH^O^,  from  »-propene  alcohol,  C^UgO,;  but  all  the 
known  glycols  of  higher  order  split  up  nnder  the  influence  of  oxidizing 
agents,  and  do  not  jield  bibasic  acids  containing  the  same  number  of  car- 
bon-atoms as  themselves. 

2.  By  oxidation  of  the  oxjrfatty  acids,  C.H^O,,  in  which  the  hjdroxyl- 
group  is  directly  attached  to  the  group  CH, ;  c.  y. : 

CHj.OH  CO.OH 

I  +0,-1  +        H,0 

CO.OH  CO.OH 

aiyoollic  acid.  Oxalic  acid. 

3.  Bj  boiling  the  cyano-deriyatives  of  the  fatty  acids  with  alkalies  or 
acids: 

I  +        2H,0        =        NH,      -+        CH,<^«g 

CO,H  ^<Ai,ii 

Oyanaeetle  Malonic 

acid.  acid. 

4.  By  boiling  the  cyanides  of  diatomic  alcohol-radicles  with  alooholio 
potash;  e.g.: 

(aH^(CN),    +    2K0H    +    2H,0    =    2NH,    +     (CiH,)(CO,K), 
Fropene  Potassium 

cyanide.  pyrotartrate. 

This  reaction  is  analogous  to  that  by  which  the  fatty  acids  are  formed 
from  the  cyanides  of  the  monatomlc  alcohol-radicles,  C,^UtB+i  (P-  686). 

5.  By  the  addition  of  hydrogen  to  other  acids  containing  a  smaller  pro- 
portion of  that  element ;  in  this  manner  succinic  acid,  C^H^O^,  is  formed 
from  fumartc  acid,  C4H4O4. 

G.  By  the  action  of  heat  on  adds  of  more  complicated  structure ;  e.  g. : 

2C,H,0,    =    3C0,    -^     2H,0    +    Cf,Ufi^ 
Tartaric  Pyrotar- 

acid.  taric  acid. 

7.  Many  of  these  acids  are  produced  by  the  action  of  ]>owerful  oxidizers 
on  a  variety  of  organic  bodies  :  thus,  succinic,  adipic,  pimelic,  suberic,  and 
anchoic  acids  are  produced  by  treating  various  fatty  and  resinous  bodies 
with  nitric  acid. 

The  acids  of  this  series  are  solid,  crystallizable,  non-volatile  bodies,  for 
the  most  part  easily  soluble  in  water,  and  having  a  strong  acid  reaction. 
Being  bibasic,  they  form  acid  and  neutral  salts,  and  acid  and  neutral  ethers ; 
thus: 

r  TT  ^O.OH  p  „  ^x<:!O.OCjH.  p  „  ^^O.OCjHj 

^»"*\CO.OH  ^«"*\CO.OH  ^»***<<;O.OC,Hft 

Sucoinic  acid.  Ethyl-succlnio  Diethyllo 

acid.  Buccinate. 

In. like  manner,  each  acid  can  form  an  acid  amide  or  amic  acid,  and  a 
neutral  amide  or  di amide  by  substitution  of  amidogen,  NH„  for  one  or 
both  of  the  hydroxyl  groups,  also  a  neutral  im  i  d  e  by  substitution  of  the 
bivalent-radicle  imidogen,  NH,  for  both  these  groups  together  ;  thus : 

c.h.<^:2h'       c.«.<^o:S1I:     c.h.<co^nh 

Succinnmic  Succinamtde.  Suocinamlde. 

acid. 
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These  bibasio  aoids,  when  heated,  give  off  their  water,  and  yield  anhy- 
drides which,  when  boiled  with  water,  are  reconverted  into  the  acids  : 

CA<^0:Ch        +        C,H,<CO>o         +        H,0. 

The  anhydrides  are  also  produced  by  treating  the  acids  with  phospho- 
ras  pentachloride : 

CA<^O.OH     +     ^^''    "    ^^^    +    ^^^'    +    C,H,<^Ov>0 

With  excess  of  phosphorus  pentachloride,  acid  chlorides  or  chlor- 
snhydrides  are  produced  ;  thus: 

CaH4<^C:CH    +     2PCI5    =    2PCI3O    +    2HC1    +     C,H,<^^;^}. 

COOH 

Oxalic  Acid.  C^Ufi^^  |  =  (C^) "(OH),.— This   important 

COOH 
acid  exists  ready  formed  in  many  plants  as  a  potassium  or  calcium  salt, 
and  is  produced  by  the  oxidation  of  a  great  variety  of  organic  compounds. 
In  some  cases  the  reaction  consists  in  a  definite  substitution  of  oxygen  for 
hydrogen ;  thus  oxalic  acid  is  formed  from  ethene  alcohol,  C^VLfi^t  ^7  ^^^ 
stitution  of  0,  for  H4,  and  from  ethyl  alcohol,  CaH^O,  by  the  same  substi- 
tution and  further  addition  of  one  atom  of  oxygen.  But  in  most  cases  the 
reaction  is  more  complex,  consisting  in  a  complete  breakhig  up  of  the 
molecule.  In  this  manner  oxalic  acid  is  produced  in  great  abundance  from 
more  highly  carbonized  organic  substances,  such  as  sugar,  starch,  cellu- 
lose etc.,  by  the  action  of  nitric  acid,  or  by  fusion  with  caustic  alkalies. 

Oxalic  acid  is  also  produced  :  «.  As  a  sodium  or  potassium  salt  by  direct 
combination  of  the  alkali-metal  with  carbon  dioxide : 

2C0j    +    Na,    =s    CjO^Na,. 

The  sodium  salt  is  obtained  by  passing  carbon  dioxide  over  a  heated  mix- 
ture of  sodium  and  sand  ;  the  potassium-salt  by  heating  potassium-amalgam 

in  the  gas.* 

$,  As  an  ammonium  salt,  together  with  other  products,  in  the  decompo- 
sition of  cyanogen  by  water : 

CA    +    4H,0    =    C,(NH,)A- 

y.   As  a  potassium  salt  by  heating  potassixim  formate  with  excess  of 

potash :  .      „ 

2CHK0,    =5    CjK  fi^    +    H,. 

Preparation,—!.  By  the  oxidation  of  sugar  with  nitric  acid : 
C„H«0„    +    0„    =    6C,H,0,    +    6H,0. 

One  part  of  sugar  is  gently  heated  in  a  retort  with  5  parts  of  nitric  acid 
of  sp.  gr.  1.42,  diluted  with  twice  its  weight  of  water ;  copious  red  fumes 
are  then  disengaged,  and  the  oxidation  of  the  sugar  proceeds  with  violence 
and  rapidity.  When  the  action  slackens,  heat  may  be  again  applied  to 
the  vessel,  and  the  liquid  concentrated  by  distilling  off  the  superfluous 
nitric  acid,  until  it  deposits  crystals  on  cooling.  These  are  drained,  redis- 
solved  in  a  small  quantity  of  hot  water,  and  the  solution  is  set  aside  to 
cool. 

•  Kolbe  and  Drechsel,  Ohem.  See.  Journal  [2],  vi.  121. 
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2.  By  heating  sawdust  with  canstic  alkali.  Many  years  ago,  Gay-Lussac 
observed  that  wood  and  several  other  organic  substances  were  converted 
into  oxalic  acid  by  fusion  with  caustic  potash.  Upon  this  observation, 
Messrs.  Roberts,. Dale  &  Co.  have  founded  a  method  for  the  preparation  of 
oxalic  acid,  which  furnishes  this  acid  at  a  much  cheaper  rate  than  any 
other  process.  A  mixed  solution  of  the  hydrates  of  sodium  and  potassium, 
in  the  proportion  of  two  molecules  of  the  former  to  one  of  the  latter,  is 
evaporated  to  about  1.35  sp.  gr.,  and  then  mixed  with  sawdust,  so  as  to 
form  a  thick  paste,  which  is  placed  in  thin  layers  on  iron  plates.  The 
mixture  is  now  gradually  heated,  care  being  taken  to  keep  it  constantly 
stirred.  The  action  of  heat  expels  a  quantity  of  water,  and  the  mass  in« 
tumesces  strongly,  with  disengagement  of  much  inflammable  gas,  oonsist- 
ing  of  hydrogen  and  carburetted  hydrogen.  The  mixture  is  now  kept  for 
some  hours  at  a  temperature  of  204P  C.  (40(P  F.),  care  being  taken  to 
avoid  charring,  which  would  cause  a  loss  of  oxalic  acid.  The  product 
thus  obtained  is  a  gray  powder ;  it  is  now  treated  with  water  at  about 
15. 50  C.  (6(P  F.),  which  leaves  the  sodium  oxalate  undissolved.  The 
supernatant  liquid  is  drawn  off,  evaporated  to  dryness,  and  heated  in  fur- 
naces to  recover  the  alkalies,  which  are  caustified  and  used  for  a  new 
operation.  The  sodium  oxalate  is  washed  and  decomposed  by  boiling  with 
slaked  lime,  and  the  resulting  calcium  oxalate  is  decomposed  by  means  of 
sulphuric  acid.  The  liquid  decanted  from  the  calcium  sulphate  is  evapo- 
rated to  crystallization  in  leaden  vessels,  and  the  crystals  are  purified  by 
re-crystallization. 

Oxalic  acid  separates  from  a  hot  solution  in  colorless,  transparent  crys- 
tals derived  from  an  oblique  rhombic  prism,  and  consisting  of  C2Ua04.2H,0. 
The  two  molecules  of  crystallization-water  may  be  expelled  by  a  very 
gentle  heat,  the  crystals  crumbling  down  to  a  soft  white  powder,  consisting 
of  anhydrous  oxalic  acid,  CjUgO^,  which  may  be  sublimed  in  great  measure 
without  decomposition.  The  crystallized  acid,  on  the  contrary,  is  decom- 
posed by  a  high  temperature  into  formic  acid,  carbon  monoxide,  and 
carbon  dioxide,  without  leaving  any  solid  residue : 

2CgH5,04    =    CH,0,    +    CO    +     2C0,    +    H,0. 

Tlie  crystals  of  oxalic  acid  dissolve  in  8  parts  of  water  at  16.50,  and  in 
their  own  weight,  or  less,  of  hot  water :  they  are  also  soluble  in  spirit. 
The  aqueous  solution  has  an  intensely  sour  taste  and  most  powerful  acid 
reaction,  and  is  highly  poisonous.  The  proper  antidote  is  chalk  or  mag- 
nesia. Oxalic  acid  is  decomposed  by  hot  oil  of  vitriol  into  a  mixture  of 
carbon  monoxide  and  carbon  dioxide :  it  is  slowly  converted  into  carbonic 
acid  by  nitric  acid,  whence  arises  a  considerable  loss  in  the  process  of 
manufacture  from  sugar.  The  dioxides  of  lead  and  manganese  effect  the 
same  change,  becoming  reduced  to  monoxides,  which  form  salts  with  the 
unaltered  acid. 

Oxalates . — Oxalic  acid,  like  other  bibasio  acids,  forms  with  monatomic 
metals,  neutral  or  normal  salts  containing  CjM^O^,  and  acid  salts,  C^HMO^. 
With  potassium  and  ammonium  it  likewise  forms  hyper-acid  salts,  «.  g,^ 
CjHKO^.CjHjO^,  or  C^HjKOg.  With  most  diatomic  metals  it  forms  only 
neutral  salts,  C^M^'O^ ;  with  barium  and  strontium,  however,  it  forms  acid 
salts  analogous  to  the  hyper-acid  oxalates  of  the  alkali-metals.  It  also 
forms  numerous  well -crystallized  double  salts.  It  is  one  of  the  strongest 
acids,  decomposing  dry  sodium  chloride  when  heated,  with  evolution  of 
hydrochloric  acid,  and  converting  sodium  chloride  or  nitrate  in  aqueous 
solution  into  acid  oxalate. 
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The  oxalates  of  the  alkali-metals  are  soluble  in  water  ;  the  rest  are,  for 
the  most  part,  insoluble  in  water,  but  soluble  in  dilute  acids. 

All  oxalates  are  decomposed  by  heat.  Tlie  oxalates  of  the  alkali-metals 
and  also  of  the  alkaline  earth-metals,  if  not  too  strongly  heated,  give  off 
carbon  monoxide  and  leave  carbonates,  while  the  oxalates  of  those  metals 
whose  carbonates  are  decomposed  by  heat  (zinc  and  magnesium,  for  ex- 
ample), give  off  carbon  monoxide  and  carbon  dioxide,  and  leave  metallic 
oxides.  The  oxalates  of  the  more  easily  reducible  metals  (silver  and 
copper,  etc.),  give  off  carbon  dioxide  and  leave  the  metal ;  the  lead  salt 
leaves  suboxide  of  lead,  and  gives  off  3  volumes  of  carbon  dioxide  to  1 
volume  of  carbon  monoxide  :^ 

2C,Pb04    s    Pb,0    +    SCO,    +    CO. 

Oxalates  heated  with  sulphuric  acid  give  off  carbon  monoxide  and  diox- 
ide, and  leave  a  residue  of  sulphate.  In  this  case,  as  well  as  in  the 
decomposition  by  heat  alone,  no  separation  of  carbon  takes  place,  and  con- 
sequently the  residue  does  not  blacken :  this  character  distinguishes  the 
oxalates  from  the  salts  of  all  other  carbon  acids. 

Oxalic  acid  and  the  soluble  oxalates  give  with  calcium  chloride  a  precipi- 
tate of  calcium  oxalate,  insoluble  in  water  and  in  acetic  acid,  but  soluble 
in  hydrochloric  and  nitric  acid.  This  reaction  affords  a  very  delicate  test 
for  the  presence  of  oxalic  acid :  the  insolubility  of  the  precipitated  oxalate 
in  acetic  acid  distinguishes  it  at  once  from  the  phosphate. 

Potassium  Oxalates. — The  neutral  salt,  C,K,04.2Aq.,  prepared  by  neu- 
tralizing oxalic  acid  with  potassium  carbonate,  crystallizes  in  transparent 
rhombic  prisms,  which  become  opaque  and  anhydrous  by  heat,  and  dis- 
solve in  3  parts  of  water. — The  acid  oxalate  or  binoxalate,  C^HKO^.ZAq., 
sometimes  called  Salt  of  Sorrel,  from  its  occurrence  in  that  plant,  is  found 
also  in  other  species  of  RumeXj  in  Oxalis  acetosella,  and  in  garden  rhubarb, 
associated  with  malic  acid.  It  is  easily  prepared  by  dividing  a  solution  of 
oxalic  acid  in  hot  water  into  two  equal  portions,  neutralizing  one  with 
potassium  carbonate,  and  adding  the  other  :  the  salt  crystallizes,  on  cool- 
ing, in  colorless  rhombic  prisms.  The  crystals  have  a  sour  taste,  and 
require  40  parts  of  cold,  and  6  of  boiling  water  for  solution.  A  solution 
of  this  salt  is  often  used  for  removing  ink  from  paper.  The  hy})er-acid 
oxalate  or  (juadr oxalate ^  CJK.UO^.Cfifi^,2k(i,,  is  prepared  by  saturating  1 
part  of  oxalic  acid  with  potassium  carbonate,  and  adding  3  parts  of  oxalic 
acid.  The  crystals  are  triclinio,  and  dissolve  in  20  parts  of  water  at  20^ 
C.  (680  F.). 

Sodium  oxalate,  C^Na^O^,  is  slightly  soluble  and  difficult  to  crystallize. 
The  acid  salt,  C^UNaO^,  forms  crystals  which  redden  litmus. 

AmioNiUM  Oxalates. — ^The  neutral  salt,  C2(NH^)204  -|-  2Aq.,  is  prepared 
by  neutralizing  a  hot  solution  of  oxalic  acid  with  ammonium  carbonate. 
It  crystallizes  in  long,  colorless,  rhombic  prisms,  which  effloresce  in  dry 
air.  They  are  not  very  soluble  in  cold  water,  but  dissolve  freely  with  the 
aid  of  heat. 

The  dry  salt,  when  heated  in  a  retort,  gives  off  water,  and  yields  a  sub- 
limate of  oxamide:* 

(CA)(ONn.).        »        2H,0        +        (CA)(NH,), 
Ammonium  oxalate.  Oxnmide. 

When  distilled  with  phosphoric  oxide,  it  gives  up  four  molecules  of 

*  See  the  Chapter  on  AmidCB. 
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water,  and  yields  a  considerable  quantity  of  cyanogen,  C3(NH4)20^ — 
4U,0  =  2CN.     Other  products  are,  however,  formed  at  the  same  time. 

Add  ammonium  oxalate  or  binoxaUUe,  CjHCNHJO^  +  Aq.,  is  still  less 
soluble  than  the  neutral  salt.  When  heated  in  an  oil-bath  to  232P  C. 
(239.80  F.),  it  loses  one  molecule  of  water,  and  yields  oxamic  acid, 
CjHjNO,,  or  (CPjXOHXNHJ,  and  other  products. 

Calcium  Oxalate,  C^CaO^  +  4Aq. — ^This  salt  occurs  in  the  juice  of  most 
plants,  and  separates  out  towards  the  end  of  the  growing  season  in  micro- 
scopic octohedral  crystals ;  it  is  also  a  frequent  constituent  of  urinary 
deposits  and  calculi.  It  is  formed  whenever  oxalic  acid  or  an  oxalate  is 
added  to  a  soluble  calcium  salt ;  it  falls  as  a  white  powder,  which  acquires 
density  by  boiling,  and  is  but  little  soluble  in  dilute  hydrochloric,  and 
quite  insoluble  in  acetic  acid.  Nitric  acid  dissolves  it  easily.  When  dried 
at  lOOO,  it  retains  a  molecule  of  water,  which  may  be  driven  off  by  a 
rather  higher  temperature.  Exposed  to  a  red  heat  in  a  close  vessel,  it  is 
converted  into  calcium  carbonate,  with  escape  of  carbon  monoxide. 

The  oxalates  of  barium,  zinc,  manganese,  copper,  nickel,  cobalt,  and  ferrous 
oxalcUe,  are  nearly  insoluble  in  water :  magnesium  oxalate  is  sparingly 
soluble :  ferric  oxalate  is  freely  soluble. — JFbtassio-chromic  oxalate,  K^CriCfi^j^ 
+  3Aq.,  prepared  by  dissolving  in  hot  water  1  part  of  potassium  bichro- 
mate, 2  parts  of  potassium  binoxalate,  and  2  parts  of  crystallized  oxalic 
acid,  is  one  of  the  most  beautiful  salts  known.  The  crystals  appear  black 
by  reflected  light,  from  the  intensity  of  their  color,  which  is  pure  deep 
blue :  they  are  very  soluble.  A  corresiranding  potassio-ferric  oxalate  has 
been  formed :  it  crystallizes  freely,  and  has  a  fine  green  color. 

Ethyl  Oxalates. — ^The  neutral  oxalate,  or  Oxalic  ether,  CgO/CjHj),  = 
CjOaCOCjHj)^,  is  most  easily  obtained  by  distilling  together  4  parts  of  potas- 
sium binoxalate,  6  parts  of  oil  of  vitriol,  and  4  parts  of  strong  alcohol. 
The  distillation  may  be  pushed  nearly  to  dryness,  and  the  receiver  kept 
warm,  to  dissipate  any  ethyl  oxide  that  may  be  formed.  The  product  is 
mixed  with  water,  by  which  the  oxalic  ether  is  separated  from  the  undc- 
composed  spirit :  it  is  repeatedly  washed  to  remove  adhering  acid,  and 
re-distilled  in  a  small  retort,  the  first  portion  being  collected  apart  and 
rejected.  Another  very  simple  process  consists  in  digesting  equal  parts 
of  alcohol  and  dehydrated  oxalic  acid  in  a  flask  furnished  with  a  long 
glass  tube  in  which  the  volatilized  spirit  may  condense.  After  six  or 
eight  hours'  digestion,  the  mixture  generally  contains  only  traces  of  un- 

etherified  oxalic  acid.  ..      j 

Pure  oxalic  ether  is  a  colorless,  oily  liquid,  of  pleasant  aromatic  odor, 
and  1.09  specific  gravity.  It  boils  at  183.80  c.  (362.80  F.),  is  but  little 
soluble  in  water,  and  is  readily  decomposed  by  caustic  alkalies  into  a  me- 
tallic  oxalate  and  alcohol.  With  solution  of  ammonia  in  excess,  it  yields 
oxamide  and  alcohol ;  thus  : 

(CA)(OC,H5)2    +     2NH,    =    2(H0C,H,)     +     (CA)(NH,), 

This  is  the  best  process  for  preparing  oxamide.  . 

When  dry  gaseous  ammonia  is  conducted  into  a  vessel  containing  oxalic 
ether,  the  gas  is  rapidly  absorbed,  and  a  white  solid  substance  produced, 
which  is  soluble  in  hot  alcohol,  and  separates  on  cooling  in  colorless  trans- 
parent,  scaly  crystals.  They  dissolve  in  water,  and  are  both  fusible  and 
volatile.  This  substance  is  o  x  a  m  e  t  h  a  n  e  ,  the  ethylic  ether  of  oxamio 
acid.* 

(CA)(OCA)a    +     NH,    =»     H0C,H5    +    CA(NH,)(OC,H,)- 

•  See  the  Chapter  on  Amides. 
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The  same  substance  is  formed  when  aniTnonla  in  small  quantity  is  added 
to  a  solution  of  oxalic  ether  in  alcohol. 

When  oxalic  ether  is  treated  with  excess  of  dry  chlorine  in  sunshine,  a 
white,  colorless,  crystalline,  fusible  body  is  produced,  insoluble  in  water, 
and  instantly  decomposed  by  alcohol.  It  consists  of  perchloret hylic 
oxalate,  C8CI10O4,  or  {Cfi\^)fifi^f  or  oxalic  ether  in  which  the  whole  of 
the  hydrogen  is  replaced  by  chlorine. 

Ethyl  oxalate  is  converted  by  potassium  or  sodium  into  ethyl  carbonate, 
with  evolution  of  carbon  monoxide  :  C^(C,H5),04  ==  C(C2H5),03  -|-  CO  ;  but 
the  reaction  is  complicated  by  the  formation  of  several  other  products. 

When  ethyl  oxalate  is  agitated  with  sodium  amalgam  in  a  vessel  ex- 
ternally cooled,  a  product  is  obtained  which  is  separated  by  ether  into  a 
soluble  and  an  insoluble  portion,  the  latter  consisting  of  fermentable  sugar, 
together  with  sodium  oxalate,  and  at  least  one  other  sodium-salt,  while  the 
ethereal  solution  yields,  by  spontaneous  evaporation,  crystals  having  the 
composition  Ci^HigOg,  and  consisting  of  the  ethylic  ether  of  a  tribasic  acid, 
CjIIqOq,  called  deoxalic  iicid,  because  it  is  produced  by  deoxidation  of 
oxalic  acid :  dC^M^O^ -\-  bH^=s  2C5IIQO3 -f-  4H,0  ;  and  racemocarbonic 
acid,  because  it  contains  the  elements  of  racemic  acid,  C^H^O^,  and  carlx>n 
dioxide,  CO,,  and  is  resolved  into  those  two  compounds  when  its  aqueous 
solution  is  heated  in  a  sealed  tube  with  a  small  quantity  of  sulphuric  acid. 
The  decomposition  of  ethylic  oxalate  by  sodium  amalgam  has  not  been 
completely  investigated,  but  the  formation  of  deoxalic  acid  and  glucose 
may  be  represented  by  the  equation  : 

SCAO^    +     14H,    =    2C5H,08    +     CeH„Oe    +     10H,O. 

Ethyl  oxalate,  treated  with  zinc-ethyl,  and  afterwards  with  water,  yields 
the  ethylic  ether  of  diethoxallc  acid,  C2H,(C2H5)20,,  and  similar  products 
with  zinc-methyl  and  zinc-amyl  (p.  714). 

Acid  ethyl  oxalate,  or  Ethyloxalic  acid,  C,H(C2H5)04,  or  CjOj^^^^sj^j  ^  ^ 

obtained  as  a  potassium-salt  by  adding  to  a  solution  of  neutral  ethyl 
oxalate  in  absolute  alcohol,  a  quantity  of  alcoholic  potash  less  than  suffi- 
cient to  convert  the  whole  into  potassium  oxalate  and  alcohol ;  on  dissolv- 
ing this  salt  in  hydrated  alcohol,  carefully  saturating  with  sulphuric  acid, 
and  neutralizing  with  carbonate  of  lead  or  barium,  the  ethyloxalate  of 
lead  or  barium  is  obtained. — ^The  acid  itself  is  prepared  by  decomposing 
either  of  these  salts  with  sulphuric  acid  ;  but  it  is  very  unstable,  and  is 
decomposed  by  concentration  into  alcohol  and  oxalic  acid.     The  potassium 

<OC  H 
ok'   '  '  ^*^"^^  crystalline  scales,  which  begin  to  decompose  to- 
wards 10(P. 

Methyl  Oxalate,  C2iC^i^)fi^,  or  CjOjCOCHj),,  is  easily  prepared  by  dis- 
tilling a  mixture  of  equal  weights  of  oxalic  acid,  wood-spirit,  and  oil  of 
vitriol.  A  spiritous  liquid  collects  in  the  receiver,  which,  when  exposed 
to  the  air,  quickly  evaporates,  leaving  the  methyl  oxalate  in  the  form  of 
rhombic,  transparent,  crystalline  plates,  which  may  be  purified  by  pres- 
sure between  folds  of  bibulous  paper,  and  redistilled  from  a  little  oxide  of 
lead.  The  product  is  colorless,  and  has  the  odor  of  ethyl  oxalate  ;  it  molts 
at  510  C.  (128.80  p.),  and  boils  at  1610  0.  (321.80F.);  dissolves  freely  in 
alcohol  and  wood-spirit,  also  in  water,  which,  however,  rapidly  decomposes 
it,  especially  when  hot,  into  oxalic  acid  and  wood-spirit.  The  alkaline 
hydrates  effect  the  same  change  even  more  easily.  Solution  of  ammonia 
converts  it  into  oxamide  and  methyl  alcohol.  With  dry  ammoniacal  gaa 
63 
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it  yields  methyl  oxamate,  or  oxamethylane,  ^fii'^^nu    t  &  white,  solid 

substance,  which  crystallizes  from  alcohol  in  pearly  cub^. 

<OCH, 
OCH, 
pears  to  be  formed  by  the  action  of  ethene  bromide  on  silver  oxalate. 

Closely  related  to  oxalic  acid  are  glyoxylic  acid,  C^H^O,,  and  g  1  y - 
o  X  a  1 ,  Cfifi^i  which  may  be  regarded  as  aldehydic  derivatives  of  oxalic 
acid  or  of  glycol : 

CHjOH 


CO.OH 

CO.OH 

OxaUo 

acid. 

COH 

COOH 
Glyoxylio 
acid. 

COH 

COH 
Qlyoxal. 

CHjOH 
Glycol. 

Both  are  formed  as  intermediate  products  in  tlie  oxidation  of  glycol,  and 
are  converted  by  further  oxidation  into  oxalic  acid  (see  Aldeutdbs,  p. 
673). 

Malonio  Acid,  C^^fi^^CE^<^Q*^  .—This  acid  is  formed :  1, 
By  gradual  oxidation  of  i8-propene  glycol : 

CH.<^5oH    +    O*    =    2H,0    +     CH,<^|g; 
also  by  oxidation  of  propene  and  allylene. 

2.  By  oxidizing  malic  acid  with  chromic  acid  mixture : 

CHj.COjH  CO,H 

CHOH  +    0,    =    CO,    +    H,0    +    CH, 

CO,H  CO,H 

3.  By  decomposition  of  barbituric  acid  (Malonyl-urea :  see  Ahidbb). 

4.  Synthetically  by  the  action  of  alkalies  on  pyanacetio  acid,  better,  on 
its  ethylic  ether : 

CH><8o.H    +    2H,0    -    NH.    +     CH,<CO|H . 

Ethylio  monochloracetate  is  heated  with  solution  of  potassium  cyanide, 
and  the  product  is  boiled  with  potash  as  long  as  it  continues  to  give  off 
ammonia.  The  alkaline  solution  is  then  acidulated  with  sulphuric  acid, 
and  the  free  malonic  acid  extracted  by  ether. 

Malonic  acid  crystallizes  in  large  rhombohedral  plates  ;  dissolves  easily 
in  water,  alcohol,  and  ether ;  melts  at  132°  C.  (269.6°  F.) ;  and  decom- 
poses at  a  higher  temperature  into  acetic  acid  and  carbon  dioxide.  Its 
barium  salt,  C^H^BaO^  +  H,0,  forms  silky  needles.  The  ccUdum  talt^ 
4C8HjCa04+  7HgO,  is  very  slightly  soluble  in  cold  water. 

CO  H 
Nitroaomalonic  Acid,  CH(NO)^p^*TT   ,  formed  by  heating  vio- 

lurio  acid  (q.  v.)  with  alkalies,  crystallizes  in  shining  needles,  easily  soluble 
in  water.    When  heated  it  melts,  and  then  explodes. 
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Amidomalonic  Acid,   CH^^'H.^)^^,^^^  ,  produced  by  the  action  of 

sodium-amalgam  on  the  nitroso-acid,  forms  shining  prisms,  which,  when 
heated,  are  resolved  into  carbon  dioxide  and  amidii^tio  acid,  CU,(NH^— 
CO,H. 

Mbsoxalic  Acid,  CjH^Oj  =  (^O^nQ^g  • — ^This  ketonic  acid,  derived  from 

malonic  acid  hy  substitution  of  0  for  H,  in  the  group  CH,,  is  produced  by 
oxidizing  amidomalonic  acid  by  means  of  iodine  in  an  aqueous  solution 
containing  potassium  iodide : 

CH(NH0<^;2     +    O    =    NH,    +    CO<gg.g; 
slso  by  boiling  alloxan  (mesoxalyl-urea  q,  v,)  with  alkalies : 

CO<^H=^C>CO     +    2H.0     =    CO<NH.     +     CO<CO.H 

Alloxan.  Urea.  MeBoxallo 

acid. 

Mesoxalic  acid  crystallizes  in  deliquescent  prisms,  containing  1  mol.  water, 
easily  soluble  in  alcohol  and  ether.  It  melts  at  1150  C.  (239<>  F.)  without 
giving  off  its  water  of  crystallization,  and  decomposes  at  a  higher  tempe- 
rature. The  water  appears  therefore  to  be  very  intimately  combined,  pro- 
bably in  the  form  represented  on  the  right-hand  side  of  the  following 
equation :    • 

The  metallic  mesoxalates  and  the  ethylic  ether  also  contain  1  mol.  water 
very  intimately  combined;  the  ether  probably  has  the  constitution 
C(OH)2(CO,C,H5)».  The  barium  salt,  CjBaOj-l-  liH,0,  is  nearly  insoluble 
in  water.  The  sitcer  salt,  C^Agfi^  -\-  H^O,  is  an  amorphous  powder,  which 
blackens  on  exposure  to  light,  and  is  decomposed  by  boiling  with  water 
into  mesoxalic  acid,  metallic  silver,  silver  oxalate,  and  carbon  dioxide. 
By  the  action  of  sodium-amalgam  mesoxalic  acid  is  converted  into  tar- 
tronio  acid: 

CO<^0:h    +    =.    =    CH(OH)<CO.H. 

Saooinio   Aolda,   Cfifii=CtBt<^*^  .—Of  these  acid* there 
are  two  modiflcations,  rii. : 

iH,.CO,H  CH..CH<^0^3 

Sucelnic.  iBOSUOoinlo. 

1.  Ordinary  Saooinio,  ^Saooinio,,  or  Bthene*dlcarbonio  Aold, 

is  produced : 

1.  By  heating  ethene  cyanide  with  alcoholic  potash  : 

CH,.CN  CH,.CO,H 

I  +      4H,0      =      2NH,      +       I 

CH,.CN  CH,.CO,H 

2.  By  converting  fi  iodopropionic  acid  into  the  corresponding  cyanogen 
derivative,  and  decomposing  the  latter  with  alkalies  or  acids  : 

CH,.CN— CH,|—CO»H  +  2H,0  «  Nllj  +   CHj.CO«H— CH,r-CO,H. 
^OyAooproplonio  aold.  Succinic  acid. 
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3.  By  the  action  of  nascent  hydrogen  (evolved  by  sodinm-amalgam)  on 
maleic  acid,  or  its  isomeride,  fumaric  acid:  C^llfi^'\'}ifSsC^ll^O^, 

4.  By  the  action  of  hydriodio  acid  (or  water  and  phosphorus  iodide)  on 
malic  acid,  C4H0O5)  or  tartaric  acid,  C4H0Of,  the  reaction  consisting  in  the 
abstraction  of  1  or  2  atoms  of  oxygen,  with  formation  of  water  and  sepa- 
ration of  iodine. 

5.  By  the  fermentation  of  malic  or  fnmaric  acid,  and  of  many  other  or- 
ganic substances,  especially  under  the  influence  of  putrefying  casein  ;  in 
small  quantity  also  during  the  alcoholic  fermentation  of  sugar  (p.  563, 
foot-note)  I 

6.  By  the  oxidation  of  many  organic  substances,  especially  of  the  fatty 
acids,  CqH,qO,,  and  their  glycerides,  under  the  influence  of  nitric  acid.  Its 
formation  from  butyric  acid  is  represented  by  the  equation  C^HgO^-f'Os'^ 
Ufi  +  Cfifi,. 

Succinic  acid  occurs  ready  formed  in  amber  and  in  certain  lignites,  and 
occasionally  in  the  animal  organism.  By  heating  amber  in  iron  retorts,  it 
may  be  obtained  in  colored  crystals,  which  may  be  purified  by  treatment 
with  nitric  acid  and  recrystallization  from  boiling  water.  It  is,  however, 
more  advantageously  prepared  by  the  fermentation  of  malic  acid,  the  crude 
calcium  malate  obtained  by  neutralizing  the  juice  of  mountain -ash  berries 
with  chalk  or  slaked  lime  being  used  for  the  purpose.  The  salt  is  mixed  in 
an  earthen  jar  with  water  and  yeast,  or  decaying  cheese,  and  left  for  a  few 
days  at  30O  or  40O  C.  (860-1040  F.);  the  calcium  succinate  thus  obtained 
is  decomposed  by  dilute  sulphuric  acid  ;  and  the  succinic  atud  is  purified 
by  crystallization  from  water  and  by  sublimation. 

Succinic  acid  crystallizes  in  colorless,  monocllnic  prisms,  which  dissolve 
in  23  parts  of  water  at  20O  C.  (68O  F.),  and  in  4  parts  of  boiling  water : 
it  melts  at  18(XJ  C.  (3560  F.),  and  boils  at  2350  C.  (4560  p.),  at  the  same 
time  undergoing  decomposition  into  water  and  succinic  oxide  or  an- 
hydride, C^H^Oj,  or  (C^II^O,)©.  The  same  comjiound  is  formed  by  the 
action  of  phosphorus  pentachloride  on  sucoinio  acid  : 

^fifPi    +    PCI5    =     POCl,    +     2HC1    +     C^H^O, 

It  is  a  white  mass,  less  soluble  in  water,  but  more  soluble  in  alcohol,  than 
succinic  acid. 

Succinic  acid,  being  bibasio,  forms,  with  monad  metals,  acid  and  nentral 
salts,  C4II5MO4  and  C^H^M^O^,  and  with  dyad  metals,  neutral  salts  containing 
C^H^M^O^,  and  acid  salts  C^H^M^O^.C^HgO^.— There  are  also  a  few  double 
succinates,  several  basic  lead-salts,  and  a  hyperacid  potassium-salt. 

The  succinates  of  the  alkali-metals  are  easily  soluble  in  water.  The 
calcium-aalt,  C4U4Ca04,  is  sparingly  soluble  in  water,  and  separates  from  a 
cold  solution  with  SlI^O,  and  from  a  hot  solution  with  IHjO.  On  adding 
ammonium  succinate  to  the  solution  of  a  ferric  salt,  a  basic  ferric  succinate 
is  thrown  down  as  a  reddish-brown  precipitate. 

Succinic  acid  is  distinguished  from  benzoic  acid  by  not  being  precipitated  . 

from  its  soluble  salts  by  mineral  acids,  and  by  forming  a  white  precipitate  ' 

with  barium  chloride,  on  addition  of  alcohol  and  ammonia. 

Ethylic  auccinatey  CjH/COg.CjHj),,  obtained  by  the  action  of  hydrochloric 
acid  on  an  alcoholic  solution  of  succinic  acid,  is  a  thick  oil,  insoluble  in 
water,  having  a  specific  gravity  of  1.072  at  OO,  and  boiling  at  21 60  C. 
(420.80  F.). 

Succinic  cfdoridef  C2Hj(C0.Cl)„  formed  by  the  action  of  PClj  on  excess  of 
succinic  acid,  is  an  oil  which  solidifies  at  OO,  and  boils  at  90OC.  (1940F.). 

Bromosuccinio  acids. — ^The  mono- and  di-brominated  acids  are 
formed  by  heating  succinic  acid  with  bromine  and  water  in  sealed  tubes  to 
150O-180O  C.  (302O-356O  F.). 
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Monobromosucdnic  add,  CiH^BrCCO^H),)  which  is  the  chief  product  formed 
when  a  large  quantity  of  water  is  used,  crystallizes  in  nodular  groups  of 
slender  needles,  easily  soluble  in  water.  It  melts  at  160O  C.  (320O  F.)» 
giving  off  Hfir,  and  being  converted  into  fu marie  acid,  C^H^O^.  By 
boiling  with  silver  oxide  and  water,  it  is  converted  into  oxysuccinic  or 
malic  acid,  CjHjCOH) (CO,H)g. 

Dibromosucdttic  aad,  C,HjBr2(C0,H)„  is  also  formed  by  direct  combina- 
tion of  fumaric  acid  with  bromine : 

CH.COjH  CHBr.COjH 

II  +        Br.        =         I  : 

CH.COjH  CHBr.COjH 

further  by  heating  succinyl  chloride  with  bromine,  and  decomposing  the 
resulting  dibromosuccinyl  chloride,  CjH^BrjCCOCl),,  with  water. 

This  acid  crystallizes  in  prisms,  sparingly  soluble  in  cold,  more  freely 
in  hot  water. 

Its  salts  are  decomposed  by  boiling  with  water,  the  silver  salt  yielding 
dioxysuccinio  or  Inactive  tartaric  acid  ;  the  sodium  salt,  monobromomalio 
acid ;  and  the  barium  salt,  monobromomaleic  acid  ;  thus  : 

C.H^gjBrA    +    2H,0    s    2AgBr    +    C.H,Oe 

Tartaric  Aold. 

C^Na^BrjO^    +     H^O      «      NaBr    +     C^H^NaBrOj 

Bromomalate. 

2C4H,BaBr,04  a=      BaBr,  +    (C^HjBrOJjBa 

Bromomaleate. 

Ethylic  dibromosucdnate,  CaE  Jir J  CO fi^U^)^,  melts  at  580  C.  (136.40  F.), 
and  boils  at  140O-150O  C.  (284<^02O  F.). 

Sulphosuccinioacid,  CgHgCSO,!!)  (COjH),,  is  a  tribasic  acid  formed 
by  dissolving  succinic  acid  in  fuming  sulphuric  acid,  and  by  the  combina- 
tion of  fumario  or  maleicacid  with  the  acid  sulphites  of  the  alkali-metals. 

IsoBiioclnlo  or  Bthldene-dioarbonio  Aold,  H,C — CH<^q2^  ^ 

is  prepared  from  a-chloropropionic  acid,  through  the  medium  of  the  cyano- 
gen-derivative : — 

HjC— CH<^g    4-    2H,0    =    NH,    +    H,C-CH<^^*^ . 

It  cannot  be  prepared  from  ethidene  dibromide,  HjC — CHBr, ;  for  on  heat- 
ing this  compound  with  potassium  cyanide  and  an  alkali,  a  molecular 
transposition  takes  place,  resulting  in  the  formation  of  ordinary  or  ethene- 
Buccinic  acid. 

Isoouccinic  acid  crystallizes  in  needles  soluble  in  4  parts'  of  water.  It 
melts  at  130O  C.  (2660  P.),  and  is  resolved  at  higher  temperatures  into 
propionic  acid  and  carbon  dioxide  : — 

CH,— CH(COjH)a    =    CO,    +    CHj^-OH,— CO,H  . 

The  same  decomposition  takes  place  on  heating  the  acid  with  water  above 
lOQO ;  in  fact,  this  mode  of  decomposition  into  CO,  and  a  monocarbon  acid 
is  characteristic  of  the  dioarbon  acids  in  which  the  two  carboxyl  groups 
are  attached  to  one  carbon-atom. 

Dibromisosuccinic  acid,  C,H,Br2(CO,H)2,  is  formed  by  addition  of  bromine 
to  maleic  acid  : — 

H,C=C<^g;«    +     Br.    =    H,CBr-CBr<CO,H 

«3» 
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It  is  crytalline,  easily  soluble  in  water,  melts  at  150O  C.  (302O  F.),  and  is 
resolved  on  further  heating,  or  on  boiling  with  water,  into  UBr,  and  iso- 
bromomaleic  acid,  CUBrziCCCOgH),.  Sodinm  amalgam  converts  it,  by 
molecular  transposition,  into  ordinary  succinic  acid. 

Pyrotartario  Aolda,  C^H^O^  =  C,He<:^Q«y  — Of  these  acids 
there  are  four  modifications  : — 

CH,  CH,.CO,H  CH,  CH3 


CH.COjH  CH,  CH,  C(CO,H), 

CH,.CO,H  CH,.CO,H  CH(CO,H), 

Pyrotartario.  Qiutario.  Ettaylmalonio.  Di  methyl- 

malonic. 


CH, 


Pyrotartario  or  Methyl-sncoinlo  Aoid,  CH,.CH<^jj*  ^q  ^ , 

is  obtained  by  the  dry  distillation  of  tartaric  acid,  mixed  with  an  equal 
weight  of  powdered  pumice ;  synthetically,  also,  from  propene  bromide, 
through  the  medium  of  the  cyanide  : — 

also  by  the  action  of  nascent  hydrogen  on  the  three  Isomeric  acids,  ita- 
conic,  citraconic,  and  mesaconic  : — 

C^H^O,    +    H,    =    CAO,; 

and  lastly,  by  treating  allyl  Iodide  with  potassium  cyanide,  and  boiling 
the  resulting  nitril  with  a  caustic  alkali. 

It  crystallizes  in  small  rhombic  prisms,  easily  soluble  in  water,  alcohol, 
and  ether,  melts  at  1120  C.  (233.GO  F.),  and  when  rapidly  heated  is  re- 
solved into  water  and  pyrotartario  anhydride,  which  distils  over, 
and  boils  at  230O  C.  (44GO  F.). 

CH,  CH, 

CH.CO.OH        ■■        H,0        +        CH..CO.^^^ 
CHj.CO.OH  Cli^.CO^ 

On  heating  it  for  a  longer  time  to  200O-210O  C.  (392Q-41(P  F.),  or  on 
exposing  its  aqueous  solution,  mixed  with  a  uranium-salt,  to  sunshine,  it  ; 

is  restored  into  CO,  and  butyric  acid,  CH., — CH- — CHj— CO,H.  j 

Neutral  calcium  pyrotartrate,  C-H,O^Ca  +  2H,0,  and  the  acid  potaa-  ' 

slum  salt,  C^HfO^K,  are  sparingly  soluble  in  water. 

Normal  Pyrotartario  Aoid,  CH,<;^^«;^^;Qg,  also  called  glut  ario 

'*      *       ^^H  CN  I 

acid,  is  formed  by  heating  propene  cyanide,  CH^^^^jj^'^j^ ,  with  strong  | 

hydrochloric  acid,  to  10(P,  in  a  sealed  tube  for  three  or  four  hours.    The  I 

contents  of  the  tube  are  then  evaporated  down  on  a  water-bath,  treated 
with  absolute  alcohol  to  separate  ammonium  chloride,  and  the  alcoholic 
solution  is  evaporated  down,  whereupon  the  acid  is  left  as  a  thick  brown 
syrup,  which  very  slowly  crystallizes.  It  may  be  purified  by  conversion 
into  silver  salt,  and  separation  therefrom  by  hydrogen  sulphide.  The 
same  aoid  is  obtained  by  heating  oxyglutaric  acid  (7.  v.),  with  concen- 
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trated  hydriodic  acid  to  120O  C.  (2480  F.).  It  forms  large  transparent 
monoclinic  crystals,  easily  soluble  in  water,  melting  at  97^  C.  (206.00 
F.),  and  decomposing  above  280O  C.  (5360  F.)  into  water  and  the  anhy- 

dride,CH.<g||-^'g>0. 

<C0  H 
CO*H  »  ^^  prepared  from  «-bromo- 

butyric  aoid  (p.  703),  through  the  medium  of  the  cyano-oomponnd  : 

CHj.CH,.CH(CN).CO,H  +  2H,0  =  NHa+  CH,.CH,.CH<^Q2y  . 

It  crystallizes  in  colorless  prisms,  resembling  pyrotartaric  acid,  and  melt- 
ing,  like  the  latter,  at  1120  c.  (233.GO  F.).  When  heated  to  160O,  it  is 
resolved  into  CO,  and  butyric  acid.  The  calcium  salty  CJELfifio,  +  UjO, 
forms  prisms  more  soluble  in  cold  than  in  hot  water.  The  barium  salt  is 
anhydrous.  The  copper  salt,  C^ll^Ofixi  -{•  H^O,  crystallizes  in  beautiful 
tablets. 

Dlmethyl-malonlo  Add,  (CH,)2C(C02H)2,  prepared  from  bromisobu- 
tyric  acid,  is  less  soluble  in  water  than  either  of  the  two  preceding  acids. 
It  decomposes  when  melted,  but  does  not  yield  butyrio  acid. 

Substitution-products  of  the  Pyrotartaric  Acids, — Isomeric  chloro-  and  bro- 
mo-derivatives  of  these  acids  are  formed  by  direct  addition  of  UCl,  Hiir, 
and  Br„  to  the  unsaturated  acids,  C^UfO^,  viz.,  itaconic,  citraconio,  and 
mesaconio  acids,  these  products  being  called  respectively  tto-,  citra-,  and 
mesa-  derivatives  of  the  pyrotartaric  acids. 

Tlie  monochlorinated  derivatives,  CgH^yClOf,  are  formed  by  treating  the 
three  isomeric  acids,  CsH^O^,  with  strong  hydrochloric  acid.  They  are  all 
three  crystalline. — Itackloropyrotartaric  acid  melts  at  1450  C.  (2930  F.),  and 
when  heated  with  water  or  alkalies,  is  converted  into  itamalio  acid, 
C5Hy(OH)04.  —  Citraddoropyratartaric  acid  is  very  unstable,  and  when 
heated  with  water  gives  up  HCl,  and  passes  into  mesaconic  acid,  CgH^O^ 
(p.  755).  By  boiling  with  alkalies,  it  is  resolved  into  CO,,  HCl,  and  mcth- 
acrylio  acid,  Cfifi^.^yfesachloropyrotartaric  acid  is  more  stable  than  the 
last,  melts  at  1290  C.  (264.2P  F.),  and  is  converted  by  heating  with  water 
into  mesamalio  aoid,  CgU^O^. 

The  three  isomeric  dibromopyrotartario  acids  differ  from  one  another  in 
their  degree  of  solubility  in  water.  The  ita-oompound  is  converted,  by 
boiling  the  aqueous  solution  of  its  sodium  salt,  into  aoonic  acid,  C5U4O4. 
The  citra-  and  mesa-compounds,  on  the  other  hand,  yield  bromocrotonio 
acid,  C^H^BrO. 

All  these  chloro-derivatives,  and  the  corresponding  bromo-  and  iodo- 
pyrotartaric  acids,  are  converted  by  nascent  hydrogen  into  ordinary  pyro- 
tartaric acid. 

The  constitution  of  the  substituted  pyrotartaric  acids  will  be  understood 
from  that  of  the  three  isomeric  acids,  C^H^O^  (p.  754). 

Adlplo    AoldB,    CjHioO^  as  ^*^«<CO*H  ''~^'   ^^^^^^  Adipic 

acid,  C0,U—(CH,)4—C0,H,  originally  obtained  by  the  oxidation  of  fats 
with  nitric  acid,  is  formed  synthetically  by  heating  ^iodo-propionic  acid 
with  finely  divided  silver  : 


CHJ— CH,— C0,H  )  CHf-CH5^-C0,H 

[  +     Ag,    =    2AgI    +      I  ^ 

chj-ch,-co,h|  CH,-CH,-C0,H 

^•lodoproplonio  acid.  Adipio  acid. 

8  mol. 
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It  is  also  prodaced  hy  the  action  of  nascent  hydrogen  on  hjdro-mnconio 
acid,  CfH^O^ ;  by  oxidizing  sebacic  acid  with  nitric  acid ;  and,  together 
with  acetic  acid  and  carbon  dioxide,  by  oxidation  of  phorono  with  chromic 
acid: 

C,H,^0     +     0,    s=    Cfitfi^    +     C,H^O,    +    COj. 

This  acid  crystallizes  in  shining  laminae  or  prisms,  dissolves  in  13  parts 
of  cold  water,  and  melts  at  1480  C.  (298.40  F.). 

CHj— CH— €0,H 
2.    Isoadipic    or    Dimethyl-succinic  acid,  \ 

CH,— CH— CO,H 

produced  by  heating  a-bromoproplonio  acid,  CH, — CHBr— COjH,  with 
finely  divided  silver,  forma  a  thick  syrup  which  does  not  readily  crystal- 
lize. 


The  higher  acids  of  this  series  are  formed  by  the  oxidation  of  stearic 
acid,  oleic  acid,  and  other  acids  of  the  fatty  and  acrylic  series  with  nitric 
acid, — succinic  acid  and  some  of  the  lower  homologues  being  generally 
formed  at  the  same  time.  The  mixed  acids  thus  obtained  are  separated 
by  fractional  crystallization  from  ether,  the  higher  members  separating 
out  first. 

Pimello  Aold,  C^Hj^O^,  is  also  produced  by  fusing  camphoric  acid  with 
potash.  It  melts  at  1140  C.  (237.20  F.),  and  dissolves  in  40  parts  of  cold 
water. 

Suberic  Add,  C8H„04,  is  most  readily  obtained  by  boiling  cork  with 
nitric  acid.  It  crystallizes  in  long  needles  or  plates,  melts  at  14(P  C. 
(2840  F.),  and  sublimes  without  decomposition  between  150Q-160O  C. 
(302CL^2(P  F.).  It  dissolves  in  100  parts  of  cold  water,  easily  in  hot 
water,  alcohol,  and  ether. 

(CH5),C— CO,H 
An  isomeric  acid,  tetramethylsnooinio  acid,  I  , 

(CH3),C— CO,H 
is  formed  by  heating  bromisobutyrio  acid  (CHj)2CBr.C0,H,  with  reduced 
silver.     It  melts  at  950  C.  (203O  F.),  and  dissolves  in  45  parts  of  water  at 
lOO  C.  (50O  F.). 

G|H|^.  CH  •  GOjCl 
Athirdisomeride,  diethylsuocinio  acid,  J  ,iBformed 

CjHj.CH.COjH 
in  like  manner  from  «-bromobutyric  acid,  GjHg.CHBr.CO^H. 

Anohoio  Aold,  or  Lepargylio  Acid,  C^Hj^O^,  is  formed,  together  with 
other  products,  by  the  action  of  nitric  acid  on  Chinese  wax  and  on  the 
fatty  acids  of  cocoa-nut  oil. — ^A  zelaic  acid,  obtained  by  oxidizing  castor 
oil  with  nitric  acid,  has  the  same  composition  as  anchoic  acid,  but  differs 
so  much  from  it  in  physical  properties,  that  it  must  be  regarded  as  an  iso- 
meric or  allotropic  modification. 

Seblc  or  Bebaoic  Acid,  C^^^fi^^  is  a  constant  product  of  the  destruc- 
tive distillation  of  oleic  acid,  olein,  and  all  fatty  substances  containing 
those  bodies ;  it  is  extracted  by  boiling  the  distilled  matter  with  water  :  it 
is  also  formed  by  the  action  of  potash  on  castor-oil  (see  p.  592).  It  forma 
small  pearly  crystals  resembling  those  of  benzoic  acid.  It  has  a  faintly 
acid  taste,  is  but  little  soluble  in  cold  water,  melts  when  heated,  and  sub- 
limes unchanged. 
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BraBsyllc  Acid,  ChH^qO^,  obtained  by  oxidation  of  behenolic  acid  and 
erucio  acid,  melts  at  l.OSO,  and  la  nearly  insoluble  in  water. 

Roocellio  Aoid,  Ci^HjfO^,  exists  in  Roccella  tinctorial  and  other  lichens 
of  the  same  genus,  also  in  Lecanora  tarlarea,  and  is  obtained  by  exhausting 
the  first-mentioned  plant  with  aqueous  ammonia,  precipitating  the  filtered 
liquor  with  calcium  chloride,  and  decomposing  the  resulting  calcium  salt 
with  hydrochloric  acid.  When  purified  by  solution  in  ether,  it  forms 
w^hite,  rectangular,  four-sided  tabular  crystals,  melting  at  1320  C.  (269. 6° 
F.),  and  subliming  at  200O  C.  (3920  F.),  being  partially  converted  at  the 
same  time  into  an  oxide,  C|f  U30O3.     This  acid  decomposes  carbonates. 


2.  Unaaturated  Acids,  C^Hj^-^O^  or  C„IL„-,<[^^«^  .  —  This  series 
includes  the  following  groups  of  isomeric  acids : 

Fumario  and  Maleic  acids        ....  C^II^O^ 
Itaconic,  Citraoonic,  Mesaoonic,  and  Paraoonio 

acids Cfflfi^ 

Hydromuconio  acid CjHgO^. 

Tliese  acids  are  capable  of  taking  up  two  atoms  of  hydrogen,  bromine, 
and  other  monad  elements,  and  passing  into  the  saturated  acids  of  the 
preceding  series.  A  general  method  of  forming  them  consists  in  heating 
the  dibrominated  derivatives  of  the  acids,  ^jfltu-fin  ^^^^  solution  of 
potassium  iodide ;  e.  g. : 

CHBr.COjH  CH.CO.H 

I                    +  2KI    =    2KBr    +     I,    +    j) 

COBr.COjH  CH.COjH 

Dibromoaucclnio.  Fumario. 

Tlie  isomeric  modifications  of  these  acids  are  determined  by  the  structure 
of  the  radicles  CqH,^.^,  associated  with  the  two  carboxyl  groups. 

Fumario  and  Maleic  Acids,  C^H^O^, 

CH.COjH  CH, 

II  I'    ^OTT 

CH.CO,H  C<^^^g 

Fumario.  Maleic. 

These  two  adds  are  produced  by  the  dry  distillation  of  malic  acid : 

When  malic  acid  is  heated  in  a  small  retort  nearly  filled  with  it,  it  melts, 
boils,  and  gives  off  water,  together  with  maleic  acid  and  maleic  anhydride, 
which  pass  over  into  the  receiver,  and  dissolve  in  the  water.  After  a  time, 
small  solid,  crystalline  scales  make  their  appearance  in  the  boiling  liquid, 
and  increase  in  quantity  until  the  whole  becomes  solid.  The  process  may 
now  be  interrupted,  and  the  contents  of  the  retort,  after  cooling,  treated 
with  cold  water  ;  unaltered  malic  acid  is  thereby  dissolved  out,  and  fumario 
acid,  which  is  less  soluble,  remains  behind. 

Fumaric  acid  exists,  in  the  free  state,  in  several  plants,  as  in  the 
common  fumitory  (Fumaria  officinalis) y  Iceland  moss  {Cetraria  islandica), 
and  in  certain  fungi.  It  is  produced  also,  as  above  stated,  by  the  action  of 
potassium  iodide  on  dibromosuccinic  acid,  and  from  monobromosuccinic  and 
Bulphosuccinio  acids  by  fusion  with  potash. 
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Famaric  acid  forms  small,  white,  crystalline  laminae,  which  dissolve 
freeljr  in  hot  water  and  alcohol,  but  require  for  solution  about  200  parts  of 
cold  water :  it  is  unchanged  by  hot  nitric  acid.  When  heated  in  a  current 
of  air,  it  sublimes,  but  by  distillation  in  a  retort,  it  is  resolred  in  water 
and  maleic  anhydride,  CfH^O,.  Similar  dtfierences  are  often  observed 
in  the  behavior  of  organic  bodies  of  small  volatility,  according  as  they  are 
heated  in  close  vessels  or  in  a  current  of  air.  Fumaric  acid  is  converted 
by  sodium  amalgam,  h^riodic  add,  and  other  hydrogenizing  agents,  into 
ordinary  succinic  acid.  It  unites,  in  presence  of  water,  with  metallic 
zincj  forming  succinate  of  zinc,  C^H^O^Zn. 

Fumaric  acid  forms  acid  and  neutral  metallic  salts.  The  calcium  and 
barium  salts  are  anhydrous.  The  silver  salt,  C4H204Ag„  is  quite  insoluble 
in  water.  The  ethiflic  ether,  C^HgO^CCsH^,  is  a  liquid  boUing  at  2250  C. 
(4370  F.). 

Maleic  Acid,  H^C — ^^CO^R  '  (^'TB^^^^  ^  large  prisms  or  tables, 

very  soluble  in  water,  alcohol,  and  ether,  and  having  a  strong  acid  tasto 
and  reaction.  It  is  converted  by  heat  into  fumaric  acid,  by  nascent  hydro- 
gen into  succinic  acid,  and  by  bromine  into  dibromisosuccinic  acid,  H,6rC — 
CBrCCOjH)}-  Its  aqueous  solution  dissolves  zinc  without  evolution  of 
hydrogen,  forming  maleate  and  succinate  of  zinc : 

SC^afi^    +    2Zn    t=    C^H^O^Zn    +     (C^H^OJjH^. 

Maleic  anhydride,  C^H^O,,  crystallizes  in  large  laminae  or  needles,  melts 
at  570  C.  (134.60  P.),  boils  without  decomposition  at  190O  C.  (384.80  F.), 
and  is  converted  by  water  into  maleic  acid. 

Maleic  and  fumaric  acids  are  resolved  by  electrolysis  of  the  concentrated 
solutions  of  their  sodium  salts  into  carbon  dioxide,  hydrogen  and 
acetylene  :— 

C^HjCCOgH),    =    C,H,    +     2C0,    +    H , . 

A  olds,  CjH^O^ssCjH^-c^^'jj  . — ^Theory  indicates  the  existence  of 

five  isomeric  acids  of  this  form,  and  of  these  four  are  known,  viz.,  oi  t  ra- 
conic  and  mesaconio  acids,  which  may  be  derived  from  fumaric 
acid  by  interpolation  of  CH,,  and  itaconic  and  paraconic  acids, 
derivable  in  like  manner  from  maleic  acid : — 

OH.OO.H  CHj 

From  Fumaric  Add,  I  From  Maleic  Acid,  | 

OH.OO.H  '  C 


00,H  O(COiH), 

t « »        , « , 

CH.COjH  CH.CO.H  CH,  CH,  HC— CH, 

CH  C— CO,H  C-<:o,H   -       CH  C<^^»5 

CH,.CO,H         fcH,  (!h,.CO,H      Hd<^^«g 

Meaaoonio;        GitraooDio.  Itaconio.       Paraconic  acid.  (T) 

Citraconic  and  itaconio  acids  are  produced  bv  the  action  of 
heat  on  citric  acid.  When  crystallized  citric  acid  is  heated  in  a  retort,  it 
first  melts  in  its  water  of  crystallization,  and  then  boils,  giving  off  water. 
Afterwards,  at  about  175©  C.  (3470  F.),  vapors  of  acetone  distil  over,  and 
a  copious  disengagement  of  carbon  monoxide  takes  place.  At  this  time 
the  residue  in  the  retort  consists  of  aconitic  acid.  If  the  distiflation  be 
still  continued,  carbon  dioxide  is  jfiven  off,  and  itaconic  acid  crvstallizes 
In  the  neck  of  the  retort.    If  thes*  crystals  be  repeatedly  distilled,  an 
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oily  mass  of  citraconio  oxide  or  anhydride  is  obtained,  which  no  longer 
solidifies.  These  decompositions  are  represented  by  the  following  equa- 
tions  :— 

CjHjO,    —    HaO    =    CeH,Oe;  C.H.O,    —    CO,     =    C^H^O, ; 

Oitrio  aoid.  Aeonltio  acid.    Aconltio  aold.  Itaconio  aoid. 

CjHeO^        —        H,0        =        CsH^O, 
Itaconio  aoid.  Oltraconio 

anhydride. 

The  citraconio  anhydride  when  exposed  to  the  air  absorbs  moisture,  and 
is  converted  into  crystallized  oitraoonic  aoid,  €511^04. 

Mesaconic  acid  is  produced  by  boiling  itaconio  acid  with  weak 
nitric  acid.  These  three  isomeric  acids  are  all  converted  by  nascent  hy- 
drogen into  pyrotartaric  aoid,  Cfifi^,  They  also  take  up  a  mole- 
cule of  HBr,  HCl,  HI,  forming  isomeric  monobromopyrotartario  acids, 
C5H,Br04,  etc.,  or  of  bromine,  Br„  forming  isomeric  dibromopyrotartario 
acids.  Itaconic  and  citraconic  acids  are,  however,  more  inclined  to  these 
transformations  than  mesaconic  acid,  which  is  altogether  a  more  stable 
compound. 

On  subjecting  their  potassium  salts  to  electrolysis,  the  three  acids  are 
decomposed,  yielding  a  hydrocarbon,  CjH^,  according  to  the  equation  : — 

CjH^CCOjH),    =    C3H,    4.     2C0i    +    H^. 

Now,  citraconic  acid  thus  treated  yields  ordinary  allylene,  CH^C — CH,, 
whereas  itaconic  acid  yields  iso-allyleue  or  allene,  C H ^ZICZICH,, 
results  which  are  in  accordance  with  the  formulse  above  given  for  these 
acids.  Mesaconic  acid  likewise  yields  allylene,  as  might  be  expected, 
since  the  hydrocarbon,  CHUCH — CU,,  cannot  exist. 

Itaconio  Aold  is  most  easily  prepared  by  heating  citraconio  anhydride 
with  water  to  130O-140O  C.  (2660-284P  F.).  It  crystallizes  in  rhombio 
octohedrons,  dissolves  in  17  parts  of  water  at  1(P  C.  (50O  F.),  melts  at 
I6I0  C.  (321.80  F.),  and  is  resolved  by  distillation  into  water  and  citra- 
conic anhydride. 

Citraoonlo  Aold  crystallizes  in  four-sided  prisms,  melting  at  8OO  C. 
(17(50  F.).  It  is  much  more  soluble  in  water  than  itaconic  acid,  and  deli- 
quesces on  exposure  to  the  air.  Its  anhydride,  CjH^Oj,  forms  an  oily 
liquid,  which  easily  reoombines  with  water  to  form  the  acid. 

Mesaoonlo  Aold  forms  shining  prisms  sparingly  soluble  in  water, 
melts  at  208O  C.  (406.40  F.),  and  sublimes  without  decomposition.  It  is 
most  readily  obtained  by  the  action  of  heat  on  citrachloropyrotartario 
acid. 

Paraoonlo  Aoid  is  formed,  together  with  itamalic  acid,  CgHgO^,  by 
heating  itachloropyrotartaric  acid,  CH^Cl — CH.COjH— CH,.C02H,  with 
water.  It  is  easily  soluble  in  water,  melts  at  TCP  C.  (1580  F.),  and  is 
resolved  by  distillation  into  water  and  citraconic  anhydride.  It  unites 
with  IJBr,  forming  itabromopyrotartaric  acid.  When  heated  with  alkalies 
it  takes  up  water,  and  forms  itamalic  acid,  C5Hg05. 

The  constitution  of  paraconio  acid  is  probably  represented  either  by  the 
fourth  or  the  fifth  formula  above  given  ;  but  there  is  at  present  no  means 
of  deciding  between  the  two.  Moreover,  it  is  not  easy  to  see  how  an  acid 
having  its  two  carboxyl  groups  associated  with  the  same  carbon-atom  could 
be  formed  from  itabromopyrotartaric  a^,  unless  the  reaction  were  accom- 
panied by  molecular  transposition.       ^ 
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Hydromuoonio  Aold,  C^H^O^  =:  C4Hg(CO,U)2,  produced  by  the  action 
of  sodium-amalgam  on  dichioromuconic  acid,  CgHgCljO^,  crystallizes  in 
large  prisms,  slightly  soluble  in  cold  water,  and  melting  at  195^  C.  (383^ 
F.)*  It  is  converted  by  sodium-amalgam  into  adipic  acid,  Cfiyfi^^  and 
unites  with  bromine,  forming  dibromadipic  acid,  C^ HgBriO^. 

3.  Unsatarated  Aoids,  CgH^^-^O^. 

Aoonio  Aoid,  C5H4O4. — ^This  acid  is  formed  by  boiling  itadibromopyro- 
tartaric  acid  with  caustic  soda.  It  is  very  soluble  in  water,  alcohol,  and 
ether,  and  crystallizes  from  the  alcoholic  solution  in  foliate  groups  of  shin- 
ing needles,  melting  at  1540  C.  (309.2P  F.)*  From  its  origin  it  might  be 
expected  to  be  a  bibasic  acid ;  but  it  is  really  monobasic,  its  silver-salt 
being  CjHsO^Ag,  and  its  barium  salt  (C(U,04),Ba.  This  may  perhaps  be 
explained  by  regarding  the  acid  as  an  anhydro-acid  similar  to  dilactic  acid, 
its  mode  of  formation  being  represented  by  the  following  equation  : 

1-O-, 
CH,Br— CBr— COOH  HC^C— CO 

I  —    2HBr    =s  I 

CH,— COOH  H,C— COOH 

Itadibromopyrotartario  aold.  Aoonic  Acid. 

By  boiling  with  baryta-water,  aconio  aold  is  resolved  into  formic  and  suc- 
cinic acids : 

r-o-, 

HC  -C— CO  HjC— CO,H 

I  +    2H,0    ar    H-^0,H  +       I 

H.,C— CO,H  H,C— CO^H 

Mticonio  Aold,  Cfifi^j  formed  in  like  manner  from  dibromadipic  acid, 
forms  large  crystals  melting  at  10(P.  It  is  monobasic,  like  aconio  acid, 
and  is  probably  constituted  in  a  similar  manner.  By  boiling  with  baryta- 
water  it  is  resolved  into  acetic  and  succinic  aoids. 


Trlatomlo  Aoids. 

1.  Monobasic,  C^H^O^. 


These  acids  are  derived  frt)m  the  triatomic  alcohols  CnH,„-j.,Og  (glycerins) 
by  substitution  of  O  for  H„  in  the  same  manner  as  the  acids  of  the  lactic 
series,  C„Ha,0,  from  the  glycols,  C„H^-f-jO,.  There  is,  however,  but  one 
acid  of  the  series  at  present  known,  viz. : 

Qlyoerlo  Aoid,  C3HJO4  (dioxypropionic  acid),  which  is  formed  by 
the  gradual  oxidation  of  glycerin  with  nitric  acid : 

CH,.OH  CH,.OH 

CH.OH       -f-      O,        s=        H,0         +         OH.OH; 
CH,.OH  CO.OH 

also  by  heating  glycerin  to  lOOO  in  a  sealed  tube,  with  bromine  and  water  : 
C,H«0,     4-     2Br,    +    H,0    =    4HBr    +     CjII^O^. 
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To  prepare  it,  nitric  acid  (specific  gravity  1.5),  is  poured  through  a  long- 
necked  funnel  to  the  bottom  of  a  tall  glass  jar  containing  glycerin,  diluted 
with  an  equal  bulk  of  water  (100  grains  of  glycerin,  100  of  water,  and  100 
to  150  of  red  nitric  acid,  are  good  proportions).  The  two  layers  of  liquid 
gradually  mix,  and  assume  a  blue  color,  and  the  oxidation  of  the  glycerin 
proceeds,  accompanied  by  copious  evolution  of  gas  ;  if  the  liquid  becomes 
too  hot,  the  action  must  be  moderated  by  external  cooling.  When  the 
action  is  completed,  which  takes  five  or  six  days,  the  acid  liquid  is  evapo- 
rated to  a  syrup,  diluted  with  water,  saturated  at  the  boiling  heat  with 
chalk  and  a  small  quantity  of  milk  of  lime,  and  then  filtered.  The  con- 
centrated filtrate  deposits  calcium  glycerate  in  warty  crusts,  from  which 
the  glyceric  acid  may  be  separated  by  boiling  with  oxalic  acid.  The  liquid 
filtered  from  the  calcium  oxalate  is  boiled  with  lead  oxide  to  remove  any 
excess  of  oxalic  acid,  then  treated  with  hydrogen  sulphide  to  precipitate 
the  dissolved  lead,  and  the  filtered  liquid  is  evaporated  over  the  water- 
bath. 

Glyceric  acid  when  concentrat(»d  is  a  colorless,  uncrystallizable  syrup, 
very  soluble  in  water  and  in  alcohol.  Heated  above  140P  C.  (284^  F.),  it 
is  decomposed,  yielding  water,  pyruvic  acid,  and  pyrotartario  acid.  By 
fusion  with  potash  it  is  resolved  into  acetic  and  formic  acids  ;  by  boiling 
with  aqueous  potash,  it  yields  oxalic  and  lactic  acids,  and  by  the  action 
of  phosphorus  iodide  it  is  converted  into  ^iodopropionic  acid. 

The  metallic  glycerates  are  soluble  in  water,  and  crystallize  well.  They 
are  not  reddened  by  ferrous  salts,  and  are  thereby  distinguished  from  the 
pyruvates,  from  which  they  differ  only  by  the  elements  of  water.  The 
calcium  aait,  (.C^^^O^)fisL-\-  2H,0,  usually  crystallizes  in  nodular  groups  of 
needles,  easily  soluble  in  water  :  the  lead  salt,  (CjHjOJjPb,  is  but  slightly 
soluble  in  water. 

The  ethtflic  ether ^  Cfifi^.C^U^,  obtained  by  heating  glycerin  with  abso- 
lute alcohol,  is  a  thick  liquid,  having  a  specific  gravity  of  1.193  at  QO,  and 
boiling  at  230Q-240O  c.  (446Q-4(J40  F.). 

Amidoglyoerio  acid,  CUj.NHj— CH.OH— COjOH,  or  serine,  is 
obtained  by  boiling  sericin  or  silk-gelatin  (9.  i'.),  with  dilute  sulphuric 
acid.  It  forms  hard  crystals,  soluble  in  water,  but  insoluble  in  alcohol 
and  ether.  It  unites  both  with  acids  and  with  bases.  Nitrous  acid  con- 
verts it  into  glyceric  acid. 


Anhydrides  of  Glyceric  Acid. 

CH, 
Pyruvic  or  Pyroracemic  Add,  CjH^O,  =  0<^  |  ^rr 

CH     ,orCO<^»3^. 

CO,H 

— ^This  anhydro-acid  is  formed,  together  with  other  products,  by  the  dry 
distillation  of  glyceric,  tartaric,  or  racemic  acid : 

CjHeO^     =     CaH.O,    +     HiO 

C.U^O,    =    CjHA    +     CO,    +     H,0; 

and  is  obtained  pure  by  redistilling  the  product  several  times,  and  collect- 
ing apart  the  portion  which  passes  over  between  1650  and  170O  C.  (329^^ 
3380  p,),  ii  \^  j^  yellowish  liquid,  easily  soluble  in  water,  alcohol,  and 
ether ;  smells  like  acetic  acid,  and  boils  with  partial  decomposition  at 
165O-170O.  It  is  monobasic,  and  forms  salts  which  crystallize  well,  pro- 
vided that  heat  is  avoided  in  their  preparation ;  but  their  solutions,  if 
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evaporated  by  heat,  leave  gammy  nncrystallizable  salts,  which  yield  a 
syrupy  non- volatile  modification  of  the  acid,  likewise  obtained  when  an 
aqueous  solution  of  the  original  acid  is  evaporated  by  heat.  This  syrupy 
acid,  which  is  probably  a  polymeric  modification,  is  resolved  by  heat  into 
carbon  dioxide  and  pyrotartaric  acid,  SCjH^O,  ss  CO,  +  C^HgO^. 

Pyruvic  acid  is  converted  by  nascent  hydrogen  into  ordinary  lactic  acid, 
CH^ — CHOH — COOH,  and  may  therefore  be  regarded  as  a  ketonic  acid  re- 
lated to  lactic  acid  in  the  same  manner  as  dimethyl-ketone  (acetone)  to 
secondary  propyl  alcohol,  as  represented  by  the  second  of  the  constitutional 
formuls  given  on  p.  757 : 

CH^O— CH,  CHj— CHOH— CH, 

Dimethyl  ketone.  Pseudopropyl  alcohol. 

CHjr-CO-COOH  CH,— CHOH— COOH 

Pyruvic  acid.  ct-Lactlo  add. 

The  reaction,  however,  agrees  equally  well  with  the  first  formula,  which 
represents  pyruvic  acid  as  an  anhydride  of  glyceric  acid,  from  which  it  is 
formed  by  actual  dehydration. 

Pyruvic  acid  is  converted  by  phosphorus  pentachloride  into  dichloropro- 
pionic  chloride,  CH^Q— CHCl— COCl ;  by  hydrochloric  acid  at  lOOO  into 
carbon  dioxide  and  pyrotartaric  acid ;  by  oxidizing  agents  into  oxalic  acid ; 

{CH 
(CO  K\    » 
an  acid  belonging  to  the  aromatic  group. 

The  pyruvates  crystallize  well,  provided  that  heat  is  avoided  in  their 
preparation.  The  sodium  salt,  CgHgOjNa,  forms  large  anhydrous  prisms. 
The  lead  salt,  (C3H,0,)2Pb,  is  a  crystalline  precipitate.  The  silver  salt  is 
also  crystalline. 

Ozypyruvlo  or  Carbacetoxylio  Aoid,  C^H^O^  or  CHgOH— CO— CO,H, 
isomeric  with  malouic  acid,  is  formed  by  heating  /8-chloropropionic  acid 
with  excess  of  silver  oxide : 

CH,C1.CH,.C0,H  +  3Ag,0  =  CH,OH.CO.CO,Ag  4-  AgCl  +  2Ag,  +  H,0. 

It  forms  a  syrup,  easily  soluble  in  water  and  in  ether.  It  is  monobasic ; 
its  barium  salt  crystallizes  in  spherical  nodules ;  the  lead  salt  in  crusts ;  the 
zinc  salt  in  shining  scales. 

The  acid  is  converted  by  nascent  hydrogen  into  glyceric  acid,  and  by 
hydriodic  acid  at  200O  C.  (3920  f.)  into  pyruvic  acid. 


TBIATOMIC  AMD   BIBASIC  ACIDS. 

CoH^O.,  or  C.H^,(0H)<^2|^  . 

The  acids  of  this  series  may  be  formed  from  those  of  the  oxalic  or  suc- 
cinic series,  C„H^(C02U),,  by  substitution  of  OH  for  H.  Four  of  them  are 
at  present  known,  viz. : 

Tartronic  acid,  CjH^Oj.  Oxypyrotartaric  aoid,  CjHgO,. 

Malic  acid,        C^H^O^.  Oxyadipio  acid,  C^HiqO^. 

Tartronio  Acid,  CH(OH)<^q'jj  (oxymalonio  aoid),  is  formed 
by  the  action  of  nascent  hydrogen  on  mesoxalio  acid  (p.  747)  : 

C0(C02H),    +     H,    =    CHOH(CO,H)j; 
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also  by  spontaneous  decomposition  of  dinitrotartaric  acid,  when  its  aqueous 
solution  is  left  to  evaporate,  the  decomposition  being  attended  with  evolu- 
tion of  carbon  dioxide  and  nitrogen  dioxide  : 

C,Hj(0.N0a),(C08H),    =    CHOH(CO,H),    +    CO,  '+     N,0,. 

Tartronio  acid  crystallizes  in  large  prisms,  which  melt  at  1750  C.  (3470 
F.))  t^^  fti*o  resolved  at  higher  temperatures  into  carbon  dioxide,  water, 
and  glycollide : 

CjHA    as    CO,    +    H,0    +     C,H,0,. 

Malio  Add,  C,He05  =  C,H,(OH)<^g«g==CH(OH)<^2*%,H  ' 
Oxysuccinic  add, — This  acid  is  formed  synthetically  by  the  action  of  moist 
silver  oxide  on  bromosuccinio  acid : 

C,H,Br(CO,H),    +    AgOH    =    AgBr    +    C,H,OH(CO,H), . 

It  is  also  produced  by  deoxidation  of  tartaric  acid,  C^HjO^,  with  hydriodic 
acid,  and  by  the  action  of  nitrous  acid  on  aspartic  acid,  C4HyN0^  (amido- 
succinic  acid),  or  on  asparagin,  C^HgNjO,,  which  is  the  amide  of  the  latter: 

CH(NH,)<COX)H  ^^    +     HO.OH    =    CH(OH)<CO^H)  ^H 
Aspartic  aold.  +     N,    +     H,0 

CH(NH,)<CO;OH,  jjg^  +  2(N0.0H)  -   CH(OH)<CO-OH  ^^ 

Asparagin.  +  2N,  +  2H,0 

Malic  acid  is  the  acid  of  apples,  pears,  and  various  other  fruits  ;  it  is 
often  associated  with  citric  acid.  It  may  be  advantageously  prepared 
from  the  juice  of  the  garden  rhubarb,  in  which  it  exists  in  large  quantity, 
accompanied  by  acid  potassium  oxalate.  The  rhubarb  stalks  are  peeled, 
and  ground  or  grated  to  pulp,  which  is  subjected  to  pressure.  The  juice 
is  heated  to  the  boiling  point,  neutralized  with  potassium  carbonate,  and 
mixed  with  calcium  acetate  :  insoluble  calcium  oxalate  then  falls,  and  may 
be  removed  by  filtration.  To  the  clear  and  nearly  colorless  liquid,  solu- 
tion of  lead  acetate  is  added  as  long  as  a  precipitate  continues  to  be  pro- 
duced, and  the  lead  malate  is  collected  on  a  filter,  washed,  diffused  through 
water,  and  decomposed  by  sulphuretted  hydrogen.  The  filtered  liquid  is 
carefully  evaporated  to  the  consistence  of  a  syrup,  and  left  in  a  dry  atmi>- 
sphere  till  it  becomes  converted  into  a  solid  and  somewhat  crystalline  mass 
of  malic  acid.  From  the  berries  of  the  mountain  ash  (^Sorbus  aucuparia)^ 
in  which  malic  acid  is  likewise  present  in  considerable  quantity,  especially 
at  the  time  they  begin  to  ripen,  the  acid  may  be  prepared  by  the  same 
process. 

Malic  acid  crystallizes  in  groups  of  colorless  prisms,  slightly  deliques- 
cent and  very  soluble  in  water  ;  alcohol  also  dissolves  it.  The  aqueous 
solution  has  an  agreeable  acid  taste :  it  becomes  mouldy  and  spoils  by 
keeping. 

Malic  acid,  as  it  exists  in  plants,  and  as  obtained  from  active  tartaric 
acid,  from  aspargin,  or  from  aspartic  acid  produced  from  the  latter,  exerts 
a  rotatory  action  on  polarized  light ;  [«]  =  — 50 ;  but  by  the  action  of 
nitrous  acid  on  inactive  aspartic  acid  (resulting  from  the  decomposition  of 
fnraarimide),  Pasteur  has  obtained  a  modification  of  malic  acid  which 
is  optically  inactive.    Malic  acid  formed  from  succinic  acid  is  also  inactive. 

Malic  acid  when  heated  gives  oflf  water  at  130O  C.  (2660  F.),  and  at  1750 
C.  (3470  F.)  a  distillate  of  maleic  acid  and  maleic  anhydride,  while  fumario 
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acid  remains  behind  (p.  754).  Bj  alow  oxidation  with  a  oold  solution  of 
potassium  chromate,  it  is  converted  into  maleic  acid : — 

C^H^Os    +    O,    «    CO,    +     H,0    +     C,H,0,. 

Nitric  acid  readily  converts  it  into  oxalic  acid,  with  evolation  of  carbon 
dioxide. 

By  the  action  of  reducing  agents,  most  readily  by  heating  with  strong 
hydriodic  acid,  malic  acid  is  reduced  to  succinic  acid  ;  also  by  fermentation 
of  its  calcium  salt  in  contact  with  putrefying  cheese,  acetic  acid  and  car- 
bon dioxide  being  also  produced  : — 

SC^H^Oj    =     2Cfifi^    +    C,H^O,    +    2C0,    +    H,0 . 

The  sodium  salt  of  bromomalic  acid,  C4H5BrO0,  obtained  by  boiling  an 
aqueous  solution  of  sodium  dibromosucciuate,  (C^UsNaBr^O^),  is  converted 
by  boiling  with  lime-water  into  the  calcium  salt  of  tartaric  acid,  C^UfO^ : 

C^HjBrOg    +     H,0    =    HBr    +     CJ1«0.  . 

Malic  acid  forms  both  acid  and  neutral  salts.  Those  formed  from  the 
optically  active  acid  are  likewise  active,  some  being  dextro-,  others  levo- 
rotatory.  The  most  characteristic  of  the  malates  are  acid  amnumivmi  malcUCy 
C4H5(NHJOj,  which  crystallizes  remarkably  well,  and  lead  malates 
C4H4Pb05.3Aq.,  which  is  insoluble  in  pure  water,  but  dissolves  to  a  con- 
siderable extent  in  warm  dilute  acids,  and  separates  on  cooling  in  brilliant 
silvery  crystals  containing  water.  By  this  character  the  acid  may  be  dis- 
tinguished. Acid  calcium  jnatate,  Cfififi&.Cfifi^  -h  8H,0,  is  also  a  very 
beautiful  salt,  freely  soluble  in  warm  water.  It  is  prepared  by  dissolving 
the  sparingly  soluble  neutral  malate  in  hot  dilute  nitric  acid,  and  leaving 
the  solution  to  cool. 

Diethylic  malate,  Cfi^iPfi^fi^,  is  a  liquid  which  is  partially  decomposed 
by  distillation,  and  is   converted   by   acetyl   chloride  into  die  thy  lie 

acetomalate,  Cj,H3(OC,HjO) <^q''q'h*  • 

Ozypyrotartarlo  Acid,  CsHgO^  =  C,H5(0H)<;;^^«^,  is  pro- 
duced by  boiling  dicyanhydrin,  CjHjCOUXCN),,  (p.  612)  with  alkalies. 
It  forms  crystals,  easily  soluble  in  water,  alcohol,  and  ether,  and  melting 
at  1350  C.  (2750  p.). 

Isomeric  with  it  are  four  bibasic  acids  of  unknown  structure,  called  ita- 
malic,  citramalic,  mesamalic,  aud  oxyglutaric  acids. 

Ita-  and  mesamalic  acids  are  formed  by  boiling  the  correspond- 
ing chloropyrotartario  acids  (p.  751)  with  water  or  solution  of  sodium 
carbonate  :-^ 

C,H5C1(C0,H),     -f     H,0    =    HCl    -f-    CjHjCOHXCOjH), . 

Both  form  deliquescent  crystals,  melting  at  60O  C.  (140©  p.). 

Citramalic  acid  is  produced  by  the  action  of  zinc  on  chlorocitra- 
malic  acid,  CsH^ClOj  (formed  by  addition  of  hypochlorous  acid,  ClOH,  to 
citraconic  acid,  C^H^OJ.     It  is  a  deliquescent  mass. 

Oxyglutario  acid,  CJI,(0H)04,  produced  by  the  action  of  nitrous 
acid  on  amidoglutaric  acid,  CslI^CNHx)©^,  crystallizes  with  difficulty,  and 
is  converted  by  hydriodic  acid  into  glutaric  acid  (p.  750). 

Amidoglutaric  acid,  or  Glutamic  acid,  CiiH/NHj)04  =  C,H5(NH,)<^q*^  » 

occurs,  together  with  aspartic  acid,  in  the  molasses  of  sugar-beet,  and  is 
formed  by  boiling  albuminous  bodies  with  dilute  sulphuric  acid.  It  forms 
shining  rhombic  octohedrous,  moderately  soluble  in  water,  insoluble  in 


ACONITIO    ACID.  761 

aloohol  and  ether,  melting  witli  partial  decomposition  at  140O  C.  (284© 
F.)*  It  unites  both  with  bases  and  with  acids,  and  is  converted  by  nitrous 
acid  into  oxyglutaric  acid. 

Ozyadipio  Aold,  CeH,o05=C4H^(OH)<^Q»^^  is  a  deliquescent  mass 
formed  by  the  action  of  moist  silver  oxide  on  monobromadipic  acid. 

Ozymaleio  Acid,  C^H^OjasCjHCOHX^^^g  ,  is  an  unsaturated  trl- 

atomic  and  bibasic  acid,  produced  by  the  action  of  silver  oxide  on  bromo- 
maleio  acid  (p.  754).  It  crystallizes  in  slender  needles,  easily  soluble  in 
water,  aloohol,  and  ether.  An  acid  isomeric  with  it  is  formed  from  brom- 
isomaleic  acid. 
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Only  one  saturated  acid  of  this  group  is  known,  viz. : 

Trioarballyllo  Aold,  CeHgO.ssCsHjCCOjH),,  which  is  pro- 
duced :  1.  By  heating  allyl  tribromide,  CH,Br — CHBr — CH,Br,  with  potas- 
sium cyanide,  and  decomposing  the  resulting  trlcyanhydrin  with  potash  : 

CH,{CN)  CH,.CO,H 

CH(CN)      +    3KH0    sa    3CNK    +      CH.CO,H 
CH,(CN)  CH,.CO,H 


2.  By  the  action  of  sodium-amalgam  on  aconitic  acid,  Cfifi^.  3.  By 
reduction  of  citric  acid,  C^HgO^,  with  hydriodic  acid. 

Tricarballylic  acid  crystallizes  in  colorless  rhombic  prisms,  easily  solu- 
ble in  water  and  alcohol,  slightly  soluble  in  ether.  The  tricarballylates 
of  the  alkali-metals  are  easily  soluble  in  water,  the  rest  insoluble  or  spar- 
ingly soluble.  The  ethylic  ethers  CaH((C0.0Q,H5)„  is  a  liquid  boiling  be- 
tween 2950  and  305O  C.  (5630-6810  F.). 

Tlie  following  tribasic  acids  are  unsaturated  compounds : 

Acfonltlc    Acid,    C0H«OQ=CeH,(CO,H)„  exists    in    monk's-hood 
(Aconttum  Napellus),  and  other  plants  of  the  same  genus,  also  in  Equisetwn 
JluviatiUj  and  is  one  of  the  products  obtained  by  the  dehydration  of  citric 
acid  (p.  353):  CeH,0,— H,0  =  CeHjO,. 

When  crystallized  citric  acid  is  heated  in  a  retort  till  it  begins  to  become 
colored,  and  to  undergo  decomposition,  and  the  fused,  glassy  product,  after 
cooling,  is  dissolved  in  water,  aconitic  acid  remains  as  a  white,  confusedly 
crystalline  mass,  which  may  be  purified  by  converting  it  into  a  lead  salt, 
and  decomposing  the  latter  with  hydrogen  sulphide. 

Aconitic  acid  crystallizes  in  small  laminae,  very  soluble  in  water,  alco- 
hol, and  ether.  It  melts  at  140^  C.  (2840  p.),  and  decomposes  at  a  higher 
temperature  into  carbon  dioxide,  itaconic  acid,  and  citraconic  anhydride. 
Nascent  hydrogen  converts  it  into  tricarballylic  acid. 

Aconitic  acid  forms  three  series  of  salts.  The  tertiary  lead-mlt, 
(C,H30,)jPbs,  is  insoluble  in  water.  The  calcium  salt,  (C,HjO,)jCaj4-6H,0, 
which  is  sparingly  soluble,  occurs  abundantly  in  the  expressed  juice  of 
monk's-hood  ;  the  magnesium  salt  in  that  of  Equisetum.  The  ethylic  ether, 
CeHjOjCC^Hj),,  is  a  liquid  boiling  at  about  2360  C.  (466.80  F.). 

64* 
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The  isomeric  acid,  aceconitic  acid,  formed  bj  the  action  of  sodinm 
on  cthylic  monobromacetate,  crystallizes  in  slender  needles,  and  forms  salts 
differing  in  some  respects  from  the  aconitates. 

Chelidonlc  Aoid,  C, H40f^C4H(C02H)„  occurs  as  a calciam  salt, 
together  with  malic  and  fumaric  acids,  in  Chelidonium  majusy  and  is  ex- 
tracted by  boiling  the  juice,  filtering,  adding  nitric  acid,  precipitating  with 
lead  nitrate,  and  decomposing  the  resulting  lead  salt  with  hydrogen  sul- 
phide. It  crystallizes  in  silky  needles  containing  1  molecule  of  11,0,  spar- 
ingly soluble  in  cold  water  and  alcohol.  It  is  decomposed  by  bromine- 
water,  yielding  oxalic  acid,  bromoform,  and  pentabromacetone,  C,HBrjO. 


eoonic  Aold,  C,H^0y=C^H0(C0,H)3  (oxychelidonic  acid),  is  a 
tribasic  acid  existing  in  opium.  To  prepare  it,  the  liquid  obtained  by  ex- 
hausting opium  with  water,  is  neutralized  with  powdered  marble  and  pre- 
cipitated by  calcium  chloride  ;  and  the  calcium  meoonate  thus  precipitated 
is  suspended  in  warm  water  and  treated  with  hydrochloric  acid  ;  on  cool- 
ing, impure  meoonic  acid  crystallizes,  and  may  be  purified  by  repeated 
treatment  with  hydrochloric  acid.  The  pure  acid  crystallizes  in  mica-like 
plates,  easily  soluble  in  boiling,  difficultly  soluble  in  cold  water,  soluble 
likewise  in  alcohol.  The  crystals  contain  CyH^Of^-BH^O,  and  give  off 
their  water  at  lOOO ;  the  dehydrated  acid  melts  at  150O  C.  (302O  F.). 

Meconic  acid  forms  three  series  of  salts.  There  are  two  silver  meconatea, 
one  yellow,  containing  C^U AgjO^ ;  the  other  white,  consisting  of  C^H^gjO,. 
Meconic  acid  produces  a  deep  red  color  with  ferric  salts.  By  the  action  of 
sodium-amalgam  it  is  converted  into  hydromecoiiic  acid,  C^HjoO^. 

Comenic  Acidy  C^H^Os,  is  a  product  of  decomposition  of  meoonic  acid. 
When  an  aqueous,  or,  better,  a  hydrochloric  solution  of  meconic  acid  is 
boiled,  carbon  dioxide  is  evolved,  and  the  solution  now  contains  comenio 
acid,  which  crystallizes  on  cooling,  being  very  difficultly  soluble  in  cold 
water.  The  same  acid  may  be  obtained  by  heating  meconic  acid  to  2()0O  C. 
(3920  F.).  It  is  bibasic:  its  formation  is  represented  by  the  equation 
C-H,0,=:CeH,05+C0^ 

Pyromeconic  or  Pyrocomenic  Acid,  C5H4O,,  is  a  monobasic  acid, 
formed  by  submitting  either  comenic  or  meconic  acid  to  dry  distillation, 
one  molecule  of  carbon  dioxide  being  evolved  in  the  former  case  and  two 
in  the  latter. 

Pyrocomenio  acid  is  a  weak  acid ;  it  is  soluble  in  water  and  alcohol : 
from  these  solutions  it  crystallizes  in  long  colorless  needles,  which  melt  at 
1200  C.  (2480  F.),  and  begin  to  sublime  at  the  boiling  point  of  water. 
Both  comenic  and  pyrocomenic  acids  exhibit  the  red  coloration  with  ferrio 
salt. 


Tetratomio  Aolds. 

These  acids  may  be  derived  from  tetratomic  alcohols  by  substitution  of 
one,  two,  three,  or  four  atoms  of  oxygen  for  a  corresponding  number  of 
hydrogen  molecules : 

CHjOH        CH^OH        COOH 

CHOH         CHOH        CHOH 

CHOH         CHOH        CHOH 

CH.OH  COOH  COOH 

Brythrite.  Erythrltic  acid  Tartaria  aoid 

(monobaBic).  (bibasic). 
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Only  one  tetratomic  acid  has,  however,  been  actually  formed  by  oxida- 
tion of  the  corresponding  alcohol,  namely,  erythritic  acid,  C^H^Oj,  from 
erythrite,  C^Hj^jO^. 

The  known  tetratomic  acids  belonging  to  the  fatty  group  are — 


Erythritic  acid,  C^HgO^      monobasic. 
Dioxymalonic,    CgH^Og  ^ 
Tartaric,  (^4^6^6r   bibasic. 

Homotartario,     CjHgOg  J 
Citric,  CeUgOf      tribasic. 


Erythritio  Add,  C^Ufi^  =  CjH^(OH)j.COaH,  formed  by  the  oxidation 
of  erythrite,  C\IlioO^  (p.  616),  in  aqueous  solution  in  contact  with  platinum 
black,  is  a  deliquescent  crystalline  mass,  and  is  capable  of  forming  salts 
containing  2  equivalents  of  metal. 

Diozymalonlo  Add,  CjH^Ogss  C(OH),<^q»jj  ,  formed  by  the  action 

of  moist  silver  oxide  or  dibromomalonio  acid,  is  probably  identical  with 
the  hydrate  of  mesoxalio  acid  (p.  747). 

CHOH— CO,H  .  .^„. 

Tartaric  Acid,  C,H.O.=r  |  =C,H,]  ,\V"{|.  .—  This 

formula  includes  four  bibasic  acids,  distinguished  from  one  another  by 
certain  physical  properties,  especially  by  their  crystalline  forms,  and  their 
action  on  polarized  light — namely,  Dextrotartaric  acid,w  hich  turns 
the  plane  of  polarization  to  the  right ;  Levotartaric  acid,  which  turns 
ittotheleftwithequalforce;  Paratartaric  or  Racemic  acid,  which 
is  optically  inactive,  and  separable  into  equal  quantities  of  dextro-  and 
levotartaric  acids ;  and  an  inactive  variety  of  tartaric  acid,  which  is  not 
thus  separable. 

1.  Dbxtbotartabic  or  Ordinary  Tartaric  Acid. — This  is  the  acid  of 
grapes,  tamarinds,  pine-apples,  and  several  other  fruits,  in  which  it  occurs 
in  the  state  of  an  acid  potassium-salt ;  calcium  tartrate  is  also  occasionally 
met  with.  The  tartaric  acid  of  commerce  is  wholly  prepared  from  tartar 
or  argolf  an  impure  acid  potassium  tartrate,  deposited  from  wine,  or  rather 
from  grape-juice  in  the  act  of  fermentation.  This  substance  is  purified  by 
solution  in  hot  water,  with  the  aid  of  a  little  pipe-clay  and  animal  char- 
coal, to  remove  the  coloring  matter  of  the  wine,  and  subsequent  crystalli- 
zation :  it  then  constitutes  cream  of  tartar ,  and  serves  for  the  preparation 
of  the  acid.  The  salt  is  dissolved  in  boiling  water,  and  powdered  chalk  is 
added  as  long  as  eflfervescence  is  excited,  or  the  liquid  exhibits  an  acid  re- 
action ;  calcium  tartrate  and  neutral  potassium  tartrate  are  thereby  pro- 
duced, and  the  latter  is  separated  from  the  former,  which  is  insoluble,  by 
filtration.  The  solution  of  potassium  tartrate  is  then  mixed  with  excess 
of  calcium  chloride,  which  throws  down  all  the  remaining  acid  in  the  form 
of  calcium  salt ;  this  is  washed  and  added  to  the  former  portion,  and  the 
whole  is  digested  with  a  sufficient  quantity  of  dilute  sulphuric  acid  to 
withdraw  the  base,  and  liberate  the  tartaric  acid.  The  filtered  solution  is 
cautiously  evaporated  to  a  syrupy  consistence,  and  left  to  crystallize  in  a 
warm  place.  Liebig  found  that  tartaric  acid  is  artificially  produced  by  the 
action  of  nitric  acid  upon  milk  sugar. 

^  Tartaric  acid  forms  colorless,  transparent  monoclinic  prisms  often  of  large 
size;  they  are  permanent  in  the  air,  and  inodorous;  they  dissolve  with 
great  facility  in  water,  both  hot  and  cold,  and  are  soluble  also  in  alcohol. 
The  solution  reddens  litmus  strongly,  and  has  a  pure  acid  taste.  The 
aqueous  solution,  as  above  mentioned,  exhibits  right-handed  polarization. 
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This  solution  Is  gradually  spoiled  by  keeping.  The  crystallized  acid  melts 
at  1350  C.  (2750  F.),  is  converted  at  17UO  C.  (3380  F.)  into  optically  in- 
active mesotartaric  acid,  and  when  heated  for  some  time  to  18UO  C.  (35<jO 
F.)  gives  off  water,  and  yields  anhydrides  (p.  766).  Tartaric  acid  is  cou> 
sumed  in  large  quantities  by  the  calico-printer,  being  employed  to  evolve 
chlorine  from  solution  of  bleaching  powder,  in  the  production  of  white  or 
discharged  patterns  upon  a  colored  ground. 

Tartrates. — ^Tartaric  acid,  being  tetratomic  and  blbasic,  has  only  two 
hydrogen  atoms  replaceable  by  metals,  the  other  two  being  replaceable  by 
alcoholic  or  acid  radicles.  With  monad  metals  it  forms  acid  and  neutral 
salts,  C^H^M'O,,  and  C^U^M^Of  ;  with  dyad  metals,  neutral  salts,  C^H^M^'O,, 
and  double  salts,  like  lario-potcusic  tartrate^  C^H^BaO^.C^U^KjO^.  With 
triad  metals  it  forms  a  peculiar  class  of  salts,  best  known  in  the  case  of  the 
antitnony-aaU  (p.  764). 

Potassium  Tartrates. — ^The  neutral  salty  C^H^E^O,,  may  be  obtained 
by  neutralizing  cream  of  tartar  with  chalk,  as  in  the  preparation  of  the 
acid,  or  by  saturating  cream  of  tartar  with  potassium  carbonate ;  it  is  very 
soluble,  and  crystallizes  with  difficulty  in  right  rhombic  prisms,  which  are 
permanent  in  the  air,  and  have  a  bitter,  saline  taste.  The  acid  salty  or 
cream,  of  tartar ,  C^H^KOg,  the  origin  and  preparation  of  which  have  been 
already  described,  forms  irregular  groups  of  small  transparent  or  trans- 
lucent prismatic  crystals  which  grate  between  the  teeth.  It  dissolves 
pretty  freely  in  boiling  water,  but  the  greater  part  separates  as  the  solution 
cools,  leaving  about  ^  or  less  dissolved  in  the  cold  liquid.  The  salt  has 
an  acid  reaction  and  a  sour  taste.  When  exposed  to  heat  in  a  close  vessel, 
it  is  decomposed,  with  evolution  of  inflammable  gas,  leaving  a  mixture  of 
finely  divided  charcoal  and  pure  potassium  carbonate,  from  which  the  latter 
may  be  extracted  by  water.  Cream  of  tartar  is  almost  always  produced 
when  tartaric  acid  in  excess  is  added  to  a  moderately  strong  solution  of  a 
potassium-salt,  and  the  whole  agitated. 

Sodium  Ta  rt rates . — ^Two  of  these  salts  are  known—*  neutral  salt, 
CJl^Na^Og  +  2Aq. ;  and  an  acid  salt,  CjHjNaOj  -f-  Aq.  Both  are  easily 
soluble  in  water,  and  crystallizable.  Tartaric  acid  and  sodium  bicarbon- 
ate form  the  ordinary  effervescing  draughts. 

Ihtassium  and  Sodium  tartrate;  TtocheJle  or  Seignette  salt,  C^H^K^a,Of^-\-^q, 
— This  beautiful  salt  is  made  by  neutralizing  a  hot  solution  of  cream  of 
tartar  with  sodium  carbonate,  and  evaporating  to  the  consistence  of  thin 
syrup.  It  separates  in  large  transparent  rhombic  prisms  with  hemlhedral 
faces  ;  they  effloresce  slightly  in  the  air,  and  dissolve  in  1|  parts  of  cold 
water.  Acids  precipitate  cream  of  tartar  from  the  solution.  Rochelle  salt 
has  a  mild  saline  taste,  and  is  used  as  a  purgative. 

Ammonium  Tartrates . — ^The  neutral  tartrate  is  a  soluble  and  efflores- 
cent salt,  containing  C4H4(NH^)20g  +  Aq.  The  acid  tartrate,  CJ{^(fiH^)0^, 
closely  resembles  ordinary  cream  of  tartar.  A  salt  analogous  to  Rochelle 
salt  also  exists,  having  ammonium  in  place  of  sodium. 

The  tartrates  of  calcium^  barium,  strontium,  magnesium,  and  of  most  of  the 
hoavy  metals,  are  insoluble,  or  nearly  so,  in  water. 

Potassio-antimonious  Tartrate,  or  7>zr^ar  «m«ftc,  is  easily  made 
bv  Iwiling  antimony  trioxide  in  solution  of  cream  of  tartar  :  it  is  deposited 
from  a  hot  and  concentrated  solution  in  rhombic  ootohedrons,  which  dis- 
solve without  decomposition  in  15  parts  of  cold  and  3  of  boiling  water, 
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and  have  an  acrid,  extremely  disagreeable  metallic  taste.  The  solution  is 
decomposed  by  both  acids  and  alkalies  :  the  former  throws  down  a  mix- 
ture of  cream  of  tartar  and  antimony  trioxide,  and  the  latter  the  trioxide, 
which  is  again  dissolved  by  great  excess  of  the  reagent.  Sulphuretted 
hydrogen  separates  all  the  antimony  in  the  state  of  trisulphide.  The  dry 
salt  heated  on  charcoal  before  the  blowpipe,  yields  a  globule  of  metallic 
antimony.  The  crystals  contain  2C4H4K(SbO)0£  +  ^^-i  *^o  group  SbO 
acting  as  a  univalent  radicle,  and  replacing  one  atom  of  hydrogen.  When 
dried  at  lOQO,  they  give  off  their  water  of  crystallization,  and  at  200^  C. 
(3920  F.)  an  additional  molecule  of  water,  leaving  the  compound,  C4H,K 
(SbO)05,  which  has  the  constitution  of  a  salt,  not  of  tartaric,  but  of  tar- 
trelic  acid,  C4H4O5.  Nevertheless,  when  dissolved  in  water,  the  crystals 
again  take  up  the  elements  of  water,  and  reproduce  the  original  salt. 

An  analogous  compound,  containing  arsenic  in  place  of  antimony,  has 
been  obtained.     It  has  the  same  crystalline  form  as  tartar  emetic. 

A  solution  of  tartaric  acid  dissolves  ferric  hydrate  in  large  quantity, 
forming  a  brown  liquid,  which  has  an  acid  reaction,  and  dries  up  by  gentle 
heat  to  a  brown,  transparent,  glassy  substance,  destitute  of  all  traces  of 
crystallization.  It  is  very  soluble  in  water,  and  the  solution  is  not  pre- 
cipitated by  alkalies,  either  fixed  or  volatile.  Indeed,  tartaric  acid,  addod 
in  sufficient  quantity  to  a  solution  of  ferric  oxide,  or  alumina,  entirely  pre- 
vents the  precipitation  of  the  bases  by  excess  of  ammonia.  Tartrate  and 
ammoniacal  tartrate  of  iron  are  used  in  metiicine,  these  compounds  having 
a  less  disagreeable  taste  than  most  of  the  iron  preparations. 

Solutions  of  tartaric  acid  give  with  lime  and  baryta-water,  and  with  lead 
acetate,  white  precipitates,  which  dissolve  in  excess  of  the  acid ;  with 
neutral  calcium  and  barium  salts  no  change  is  produced.  Silver  nitrate 
produces  in  neutral  tartrates  a  white  precipitate  of  silver  tartrate,  wliich 
dissolves  in  ammonia.  On  gently  heating  the  solution,  a  bright  metallic 
deposit  of  silver  is  formed.  The  reaction  of  tartaric  acid  with  solutions  of 
potassium  salts  has  been  already  noticed. 

• 

Tartaric  Ethers. — 1.  Tartaric  acid  forms,  with  monatomio  alcohol- 
radicles,  acid  and  neutral  ethers,  in  which  one  or  both  of  the  atoms  of 
basic  hydrogen  in  its  molecule  is  replaced  by  an  alcohol-radicle.  These 
compounds  may  be  formulated  as  follows  : — 


(C,H,)  i  (2">|,        (C,H,)  \ CO,h'  (C,H,)  { 

((CO,H),  (co,c,H,  t 


(OH), 
(CO,C,H,), 

Tartaric  acid.         Acid  ethyl  tartrate.       Neutral  ethyl  tartrate. 

The  acid  ethers  are  monobasic  acids,  formed  by  the  direct  action  of  tartaric 
acid  on  the  respective  alcohols  ;  the  neutral  ethers  are  formed  by  passing 
hydrochloric  acid  gas  into  a  solution  of  tartaric  acid  in  an  alcohol.  Further 
bv  treating  these  neutral  ethers  with  chlorides  of  acid  radicles,  other  neu- 
tral ethers  are  formed,  in  which  one  or  more  of  the  alcoholic  hydrogen- 
atoms  are  replaced  by  acid  radicles.*  In  this  manner  are  formed  such 
compounds  as  the  following  :— 

(C,H,)  I  OC.H3O  (C,H,)  \  OC,H,0  )p^^\  \  (OAH4O,) 

Ethyl-aceto-tartrate.         Ethyl-aoeto-benzo-  Ethyl-succino- 

tartrate.  tartrate. 

The  alcoholic  hydrogen  in  these  neutral  ethers  may  be  replaced  by  potas- 
sium and  sodium. 

*  Per  kin,  Ohem.  Soc.  Journ.  [2],  r.  130. 
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2.  There  are  also  bibasic  tartaric  ethers  formed  by  replacmg  the  alooholio 
hydrogen  of  tartaric  acid  with  acid  radicles  ;  e,  g.^ 

£  OH 

Beozotartario  acid.  Diacetotartario  acid.         Dinitrotartaric  acid. 

3.  Lastlj,  tartaric  acid  forms  ethers  with  glycol,  glycerin,  mannite, 
glucose,  and  other  polyatomic  alcohols. 

CO  H 
Dinitroiartaric   acid,  C,H2(O.NO,)2^qq*|,  ,  in  which  both  the  alcoholic 

hydrogen-atoms  of  tartaric  acid  are  replaced  by  NO,,  is  formed  by  dissolv- 
ing finely  pulverized  tartaric  acid  in  strong  nitric  acid  and  adding  sul- 
phuric acid :  it  then  separates  as  a  jelly,  which  dries  up  to  a  white  shining 
mass.  It  is  soluble  in  water,  and  the  solution  when  heated  yields  'tar- 
trouic  acid  (p.  758). 

Ta rtaric  Anhydrides  . — ^When  crystallized  tartaric  acid  is  exposed 
to  a  temperature  of  about  204^  C.  (399.2P  F.),  it  melts,  loses  water,  and 
yields  in  succession  three  different  anhydrides,  viz. : — 

Ditartaric  or  Tartralic  acid        .  CgHjoOu  =  2C4HjOe  —  H,0 

lartreiic  acid      .         •         .         *vPTTO     ^s    r*  IT  O  -^  TT  O 
Insoluble  tartaric  anhydride      .      J     «   *  «  ^'^  •  « 

The  first  two  are  soluble  in  water,  and  form  salts  which  have  properties 
completely  different  from  those  of  ordinary  tartaric  acid.  The  third  is  a 
white  insoluble  powder.  All  three,  in  contact  with  water,  slowly  pass 
into  ordinary  tartaric  acid. 

Tartaric  acid,  subjected  to  destructive  distillation,  is  resolved  into  car- 
bon dioxide  and  pyrotartaric  acid,  CjHg04. 

When  tartaric  acid  is  heated  to  204.50  C.  (400.10  p.),  with  excess  of 
potassium  hydroxide,  it  is  resolved,  without  charring  or  secondary  decom- 
position, into  oxalic  and  acetic  acids,  which  remain  in  union  with  the  base, 
and  undergo  decomposition  at  a  much  higher  temperature  : — 

C4H«0,     -I-     2KH0    =    C2KHO4    +     C,H,KO,    +    2H,0 . 
Tartaric  Acid  potaB-         Potaisium 

acid.  Blum  oxalate.  acetate. 

2.  LBVOTA.BTABIO  Acid. — ^Th is  acid  resembles  dextrotartaric  acid  in  every 
respect,  except  that  it  turns  the  plane  of  polarization  to  the  left,  and  that 
its  salts,  as  well  as  the  acid  itself,  though  isomorphous  with  the  corre- 
sponding dextro-tartrates,  contain  oppositely  situated  hemihedral  faces 
(see  below). 

3.  PARATABTA.RIC  or  Racbxic  Acid. — This  acid  occurs,  together  with 
ordinary  tartaric  acid,  in  the  grapes  cultivated  in  certain  districts  of  the 
Upper  Rhine  and  in  the  Vosges.  To  separate  it,  the  mother  liquor  of  the 
argol,  obtained  from  these  grapes,  is  boiled  with  chalk,  the  calcium  salt 
which  separates  is  decomposed  by  sulphuric  acid,  and  the  filtrate  is  evap- 
orated to  the  crystallizing  point.  The  crystals  of  racemicacid  being  efflor- 
escent, are  easily  separated  by  mechanical  means  from  the  shining  crystals 
of  ordinary  tartaric  acid. 

Racemic  acid  may  be  formed  artificially  by  oxidizing  mannite,  duloite, 
or  mucio  acid  with  nitric  acid,  and  synthetically  by  boiling  glyoxal  with 
hydrocyanic  acid  and  a  small  quantity  of  hydrochloric  acid : 
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COH 


I  +    2CNH    +    4H,0    =    2NH8   +    | 


CH(OH)— CO,H 


COH 


CH(OH)— CO,H 


further,  together  with  inactive  tartaric  acid,  hy  boiling  dibromosuccinic 
acid  with  silver  oxide  and  water  : — 

CHBr— CO-H  CH  (OH)— COjjH 

I  +     2AgOH    »    2AgBr    +      | 

CHBr— CO,H  CH(OH)— CO,H 

most  readily,  however,  hy  heating  ordinary  tartaric  acid  with  about  one- 
tenth  of  its  weight  of  water  to  170C^180O  C.  (3380-3560  F.)  in  sealed 
vessels,  the  dextrotartaric  acid  being  thereby  completely  converted  into 
inactive  tartaric  and  racemlo  acids,  which  may  be  separated  by  crystalli- 
zation, the  racemic  acid  being  much  the  less  soluble  of  the  two. 

The  conversion  of  tartaric  acid  iuto  racemic  acid  was  originally  effected 
by  Pasteur,  by  heating  ethyl  tartrate  or  cinchonlne  tartrate  to  about  lli^ 
C.  (3380  F.).  On  repeatedly  boiling  the  product  with  water,  and  mixing 
the  cooled  solution  with  excess  of  calcium  chloride,  a  considerable  precipi- 
tate of  calcium  racemate  is  obtained. 

Racemic  acid  crystallizes  with  1  molecule  of  water  in  rhombic  prisms, 
which  give  off  their  water  at  lOQO.  It  is  somewhat  less  soluble  in  water 
than  ordinary  tartaric  acid,  and  has  no  action  on  polarized  light.  It  is, 
in  fact,  a  compound  of  dextro-  and  levotartaric  acids  in  equal  quantities, 
and  may  l)e  resolved  into  those  acids  through  the  medium  of  some  of  its 
double  salts. 

When  racemic  acid  is  saturated  with  potash  or  soda,  or  any  other  single 
base,  a  salt  is  obtained,  all  the  crystals  of  which  are  identical  in  form  and 
in  physical  properties  ;  but  by  saturat- 
ing racemic  acid  with  two  bases,  as  with  Fig- 175. 
soda  and  ammonia,  or  by  mixing  the 
racemates  of  sodium  and  of  ammonium 
in  equivalent  proportions,  and  evapo- 
rating the  solution,  crystals  of  a  double 
salt,  C^H^OfNaCNH)^ ,  are  obtained,  anal- 
ogous to  Rochelle  salt,  the  form  of  which 
is  shown  in  fig.  175.  It  is  a  right  rect- 
angular prism,  P,  M,  T,  having  its  late- 
ral edges  replaced  by  the  faces  6',  and 
the  intersection  of  these  latter  faces  with 
the  face  T  replaced  by  a  face  A.  If  the 
crystal  were  holohedral,  there  would  be 

eight  of  these  h  faces,  four  above  and  four  below ;  but,  as  the  figures 
show,  there  are  but  four  of  them,  place<I  alternately.  Moreover,  these 
hemihedral  faces  occupy  in  different  crystals  of  the  salt,  not  similar  but 
opposite  or  symmetrical  positions,  the  one  kind  of  crystal  being,  as  it 
were,  the  reflected  image  of  the  other. 

Further,  by  carefully  picking  out  these  two  kinds  of  crystals  and  dis- 
solving them  separately  in  water,  solutions  are  obtained,  whitrh,  at  the 
same  degree  of  concentration,  exert  equal  and  opposite  actions  upon  polar- 
ized light,  the  one  deflecting  the  plane  of  polarization  to  the  right,  the 
other  by  an  equal  amount  to  the  left.  Moreover,  the  solutions  of  the 
right-  and  left-handed  crystals,  when  evaporated,  yield  crystals,  each  of 
its  own  kind  only  ;  and  by  mixing  the  solutions  of  these  crystals  with 
calcium  chloride,  calcium  salts  are  obtained  which,  when  decomposed  by 
sulphuric  acid,  yield  acids  agreeing  with  each  other  in  composition  and 
in  every  other  respect,  excepting  that  their  crystalline  forms  exhibit  op- 
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posite  hemihedral  modificatioiifi,  and  their  solutions,  when  redaced  to  the 
same  degree  of  concentration,  exert  equal  and  opposite  effects  on  polariz^ 
light.  One  of  these  acids  is  in  fact  dextrotartaric,  the  other  1  e  v o - 
tartaric  acid.  A  mixture  of  equal  parts  of  these  two  acids  has  no 
longer  the  slightest  effect  on  polarizeid  light,  and  is  in  every  respect  iden- 
tical with  racemic  acid. 

4.  Inactivb  Tartabic  Acid  or  Mbsotartabic  Acid,  is  formed  by  oxidiz- 
ing sorbin  (p.  023)  with  nitric  acid ;  also,  together  with  racemic  acid, 
from  dibromosuccinic  acid,  and  from  glyoxal  (p.  674);  but  it  is  most  easily- 
prepared  by  heating  ordinary  tartaric  acid  with  a  little  water  to  1650  C. 
(32^^  F.)  for  two  days.  It  is  separated  from  unaltered  tartaric  acid,  and 
from  simultaneously  formed  racemic  acid,  by  converting  it  into  the  acid 
potassium  salt,  which  is  very  soluble  in  water. 

Inactive  tartaric  acid  is  much  more  soluble  in  water  than  ordinary  tar- 
taric or  racemic  acid  (10  parts  of  it  dissolve  in  8  parts  of  water  at  15^  c. 
(5yo  F.)).  It  does  not  deflect  the  plane  of  polarization,  but  differs  from 
racemic  acid  in  not  being  resolvable  into  the  two  active  acids.  When 
heated  to  ITlP  C.  (338^  F.),  however,  it  is  converted  into  dextrotartaric 
acid. 

HoMOTARTABic  AciD,  CjHgO,  =  CeH/OH),<^^«g  ,  of  which  very  litUe 

is  known,  is  formed  from  dibromopyrotartaric  acid. 

Rhodlsonic  Acid,  CJlfi^. — When  potassium  is  heated  in  a  stream  of 
dry  carbon  monoxide,  the  latter  is  absorbed  in  large  quantity,  and  a  black 
porous  substance  generated,  which,  according  to  Brodie,  contains  COK3. 
Brouglit  in  contact  with  water  it  decomposes  with  great  violence,  and  even 
the  dry  substance  occasionally  explodes ;  when  anhydrous  alcohol  is 
poured  upon  it,  a  great  elevation  of  temperature  ensues,  but  the  decom- 
position is  far  h^s  violent  than  with  water.  The  product  of  this  reaction 
is  potassium  rhodizonate,  which  remains  as  a  red  powder,  insoluble  in 
aluohol,  but  soluble  in  water  with  a  deep  red  color.  This  salt  probably 
contains  C^H^KsOf. 

When  solution  of  potassium  rhodizonate  is  boiled,  it  becomes  orange- 
yellow  from  decomposition  of  the  acid,  and  is  then  found  to  contain  free 
potash,  and  a  salt  of  Croconic  acid,  C^H^O^.  This  acid  can  be  iso- 
lated ;  it  is  yellow,  easily  crystallizable,  soluble  both  in  water  and  alcohol. 
It  is  likewise  bibasic.  . 

Citric  Acid,  CgH^O^  =  CsH4(OH)/(CO,H)8.— This  acid  is  obtained 
in  large  quantities  from  the  juice  of  lemons  ;  it  is  found  in  many  other 
fruits,  as  in  gooseberries,  currants,  etc.,  in  conjunction  with  malic  acid. 
To  prepare  it,  the  juice  is  allowed  to  ferment  a  short  time,  in  order  that 
mucilage  and  other  impurities  may  separate  and  subside ;  the  clear  liquor  is 
th<»n  carefully  saturated  with  chalk,  whereby  insoluble  calcium  citrate  is 
produced.  This  is  thoroughly  washed,  decomposed  by  the  proper  quan- 
tity of  sulphuric  acid  diluted  with  wat^jr,  and  the  filtered  solution  is  eva- 
porated to  a  small  bulk,  and  left  to  crystallize.  The  product  is  drained 
from  the  mother-liquor,  redissolved,  digested  with  animal  charcoal,  and 
again  concentrated  to  the  crystallizing  point.  The  acid  has  not  yet  been 
obtainiKi  by  any  synthetical  proci'ss. 

Citric  acid  crystallizes  in  two  different  forms.  The  crystals  which  sepa- 
rate by  spontaneous  evaporation  from  a  cold  saturated  solution,  are  trime- 
tric  prisms,  containing  ("gHgO^.H^O,  whereas  those  which  are  deposited 
from  a  hot  solution  have  a  different  form,  and  contain  ^C^llfiiAi^O. — 
Citric  acid  has  a  pure  and  agreeable  acid  taste,  and  dissolves,  with  great 
ease,  in  both  hot  and  cold  water ;  the  solution  strongly  reddens  litmus, 
and  when  long  ke^t,  is  subject  to  spontaneous  change.     Citric  acid,  when 
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brought  in  contact  with  putrid  flesh  as  a  ferment,  yields  butyric  acid  and 
small  quantities  of  succinic  acid.  It  is  entirely  decomposed  when  heated 
with  sulphuric  and  nitric  acids  :  the  latter  converts  it  into  oxalic  acid. 
Caustic  potash,  at  a  high  temperature,  resolves  it  into  acetic  and  oxalic 
acids.  The  alkaline  citrates,  treated  with  chlorine,  yield  chloroform,  to- 
gether with  other  products. 

Citric  acid  is  tetratomic  and  tribasic.  With  potassium  it  forms  a  neutral 
salt  containing  CeH^KgO^,  and  two  acid  salts  containing  respectively 
C^HfK^O,  and  C^ H^KO,;  and  similar  salts  with  the  other  alkali^metals.  With 
dyad  metals  it  chiefly  forms  salts  in  which  two  or  three  hydrogen-atoms 
in  the  molecule  C^UgO,,  are  replaced  by  metals  :  with  oa/ctuiM,  for  example, 
it  forms  the  salts  C.HeCaO,  -f  H,0  and  (C,H407),Ca,  +  H,0.  With  lead  it 
forms  two  salts  similar  in  constitution  to  the  calcium  salts,  and  likewise  a 
tetraplumbic  salt  containing  (C0HjO,)2pb^.PbU2O2. 

The  citrates  of  the  cdkali-metais  are  soluble,  and  crystallize  with  greater 
or  less  facility ;  those  of  barium,  strontiumj  calcium^  lead,  and  silver  are  in- 
soluble. 

Citric  acid  resembles  tartaric  acid  in  its  relations  to  ferric  oxide,  pre- 
venting the  precipitation  of  that  substance  by  excess  of  ammonia.  The 
citrate  obtained  by  dissolving  hydrated  ferric  oxide  in  solution  of  citric 
acid,  dries  up  to  a  pale-brown,  transparent,  amorphous  mass,  which  is  not 
very  soluble  in  water ;  an  addition  of  ammonia  increases  the  solubility. 
Citrate  and  ammonio-citrate  of  iron  are  used  as  medicinal  preparations. 

Citric  acid  is  sometimes  adulterated  with  tartaric  acid :  the  fraud  is  easily 
detected  by  dissolving  the  acid  in  a  little  cold  water,  and  adding  to  the 
solution  a  small  quantity  of  potassium  acetate.  If  tartaric  acid  be  present, 
a  white  crystalline  precipitate  of  cream  of  tartar  will  be  produced  on  agi- 
tation. Citric  acid  is  further  distinguished  from  tartaric  acid  by  the 
characters  of  its  calcium  salt.  An  aqueous  solution  of  citric  acid  is  not 
precipitated  by  lime-water  in  the  cold,  but  on  boiling  a  precipitate  is  formed, 
consisting  of  tricalcic  citrate,  insoluble  in  potash-lye  Calcium  tartrate, 
on  the  other  hand,  dissolves  in  alkalies,  and  is  precipitated  therefrom  as 
a  jelly  on  boiling. 

Citric  acid  forms  ethers  in  which  I,  2,  or  3  hydrogen-atoms  are  replaced 
by  methyl  and  other  monad  alcohol-radicles.  The  neutral  ethers  are  formed 
by  passing  gaseous  hydrogen  chloride  into  an  alcoholic  solution  of  citric 
acid.  The  trimethylic  ether,  C3H/OH) (COj.CHa),  is  crystalline ;  the  tnethylic 
ether  boils,  with  partial  decomposition,  at  about  280O  C.  (5360  F.). 

By  treating  these  neutral  ethers  with  acetyl  chloride,  the  alcoholic  hy- 
drogen may  also  be  replaced,  and  triethylic  acetocitrate,  CjH^CO. 
(-'jHjOXCOjCjHs),,  produced,  which  boils  at  2880  C.  (550.4O  F.).  By 
treating  the  same  ethers  with  nitric  acid,  the  alcoholic  hydrogen  may  be 
replaced  by  NO,. 


Pentatomio  Acids. 


Of  these  only  one  is  known,  viz.,  the  bibasic  acid— • 

Aposorbic  acid,  CjHgO^  =  C3H,(OH)5<^^«2  ,  which  may  be  re- 
garded as  a  trioxypyrotartaric  acid.  It  is  produced  by  oxidizing  sorbin 
with  nitric  acid,  and  crystallizes  in  small  laminae,  easily  soluble  in  water, 
and  melting  with  decomposition  at  about  IKV  C.  (23(P  F  ). 
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Hezatomic  Acids. 

Olnconlo  Aoid,  C6H,jO^  =  C5H,(OU)6.COjH,  is  obtained  by  oxi- 
dizing grape-sugar  with  chlorino  water  and  removing  the  chlorine  with 
silver  oxide.  It  is  a  non-crystallizable  syrup,  easily  soluble  in  water,  and 
nearly  insoluble  in  alcohol.  It  is  monobasic.  Its  calcium  and  barium 
salts  and  the  ethyl ic  ether  crystallize  well ;  the  formula  of  the  calcium 
salt  is  (C,Hji07),Ca  +  2HjO. 

Mannitio  Aoid,  C^n^fiT  =x  0^11^(011) ^.CO^U,  is  produced  by  oxi- 
dAt.on  of  mannite,  CqHi^Oq,  under  the  inlluence  of  platinum  black.  It  is  a 
gummy  maj»s,  soluble  in  water  and  in  alcohol,  insoluble  in  ether.  Accord- 
ing to  its  mode  of  formation  it  might  be  expected  to  be  monobasic : 

Mannite,  CH5OH— (CHOH  )^— CII,OH 

Mannitic  acid,  CUjOH— (CHOH)^— COOH  ; 

bat  from  the  observations  of  Gorup-Besanez,  who  discovered  it,  it  appears 
to  be  bibasic,  its  potassium  salt  containing  CgH^^KO^,  and  the  calcium  salt, 
C.H,oCaO,. 

Saochario  Acid,  C^HjoO,  =  (CJIJ  |  (^^^^J^^ss 

CO.OH— (CHOH)^— CO.OH.— This  acid  is  produced  by  the  action  of  dilute 
nitric  acid  on  cane  sugar,  glucose,  milk-sugar,  and  mannite,  and  is  often 
formed  in  the  preparation  of  oxalic  acid,  being,  from  iU  superior  solubility, 
found  in  the  mother  liquor  from  which  the  oxalic  acid  has  crystallized.  It 
may  be  made  by  heating  together  1  part  of  sugar,  2  parts  of  nitric  acid,  and 
10  parts  of  water.  When  the  reaction  seems  terminated,  the  acid  liquid  is 
diluted  and  neutralized  with  chalk ;  the  filtered  liquid  is  mixed  with  lead 
acetate;  and  the  insoluble  lead  saccharate  is  washed,  and  decomposed  by 
sulphuretted  hydrogen.  The  acid  slowly  crystallizes  from  a  solution  of 
syrupy  consistence  in  long  colorless  needles  ;  it  has  a  sour  taste,  and  forms 
soluble  salts  with  lime  and  baryta.  When  mixed  with  silver  nitrate  it 
gives  no  precipitate,  but,  on  the  addition  of  ammonia,  a  white  insoluble 
sul>stanoe  separates,  which,  on  gently  warming  the  whole,  is  reduced  to 
metallic  silver,  the  vessel  being  lined  with  a  smooth  and  brilliant  cx)ating 
of  the  metal.  Nitric  acid  converts  saccharic  into  oxalic  and  dextrotartario 
acids. 

There  are  two  potassium  saccharates,  containing  CgllgKOg  and  C^HgE^iO, ; 
the  silrer-sah  contains  CfH^AggOg  ;  the  barium^  magnesium^  zinc,  and  cathniutn 
salts  have  the  oomposition  C(,H,M"Og;  and  there  are  two  ethylic  ethers,  con- 
taining C^Hg(C2H5)Og  and  CjHjCCjIlj).^,.  In  these  compounds  saccharic 
acid  appears  to  be  bibasic,  as  might  be  expected  from  its  constitution,  and 
mode  of  formation ;  the  composition  of  the  lead-salts,  however,  seems  to 
show  that  it  is  sexbasic  as  well  as  hexatomic,  for  Heintz  has  obtained  a 
lead-salt  containing  CjII^PbjO, ;  but  the  composition  of  the  lead  saccharates 
varies  considerably  according  to  the  manner  in  which  they  are  prepared. 

Diethylic  Saccharate,  C4H,(OH)4<^^«;^jJ^^   ,  is  crysUlline,  and  easily 

soluble  in  water.  Ammonia  converts  it  into  the  amide  C4H4(OH)4(CO. 
NHg),  which  is  a  white  powder.     The  ether,  treated  with  acetyl  chloride, 

yields  the  tetracetylic  compound  C4H4(O.C,H30),<;^J]»-^»y5  . 

Maoio  Acid,  C,H,qOj  =  €4114(011)4(00111)2,  isomeric  with  saccbaric 
acid,  is  produced,  together  with  a  small  quantity  of  oxalic  acid,  by  the 
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action  of  rather  dilate  nitric  acid  on  sugar  and  gum.  It  may  be  easily 
prepared  by  heating  together  in  a  flask  or  retort,  1  part  of  milk-sugar  or 
gum,  4  parts  of  nitric  acid,  and  1  part  of  water  ;  the  mucic  acid  is  after- 
wards collected  upon  a  filter^  washed  and  dried.  It  has  a  slightly  sour 
taste,  and  reddens  vegetable  colors.  It  requires  for  solution  (Hi  parts  of 
boiling  water.  By  prolonged  boiling  with  water,  it  is  converted  into  the 
isomeric  paramucic  acid.  By  boiling  with  nitric  acid  it  is  resolved 
into  oxalic  and  racemic  acids.  It  is  decomposed  by  heat,  yielding,  among 
other  products,  pyromu'cio  acid,  CgU^O,  : 

CeHioO,    =    C,H,0,    +     CO,    +     3H,0. 

Mucic  acid  is  bibasic,  yielding  for  the  most  part  neutral  salts  containing 
CfHijMjOg  and  CfHgM^Og ;  with  the  alkali-metals  it  also  forms  acid  salts, 
such  as  C^H^KOg. 

The  neutral  potassium  and  ammonium  salts  crystallize  well,  and  are 
but  slightly  soluble  in  cold  water  ;  the  acid  ^alts  are  easily  soluble.  The 
neutral  ammonium  salt  is  resolved  by  heat  into  ammonia,  water,  and  pyr- 
rol, C^HjN. 

LHeihylic  Afucafe,  0^114(011) 4(002.0,115),,  obtained  by  heating  mucic  acid 
with  alcohol  and  sulphuric  acid,  is  crystalline,  soluble  in  hot  water,  melts 
at  1580  0.  (3I6.40  F.),  and  is  converted  by  acetyl  chloride  into  the  tetra- 
cetyl  compound,  C^}i^iO,C2Ufi)^iCOi.C^U^)^,  which  melte  at  1770  C. 
(3:0.6O  F.). 

Deoxallo  or  Racemo-carbonio  Acid,  OgHgOg,  probably 
B=  0311,(011)3(00,11)1,  is  produced  by  the  action  of  sodium  amalgam  on 
ethylic  oxalate : 

3C,H,04    -f.    4H,    =    SHgO    +    CgHgOg. 

Deoxalic  acid  is  not  known  in  the  free  state,  being  resolved,  on  evapo- 
ration of  its  aqueous  solution,  into  racemic  and  glyoxylic  acids  : 

C^HgO,    s    C^HgOg    +     C,H,0,. 

The  acid  is  essentially  tri basic,  its  ammonium  salt  having  the  composition 
(^gHj(NH4)50g  -f-  H,0  ;  but  it  also  forms  salts  in  which  4  atoms  of  liydro- 
gen  (one  alcoholic)  are  replaced  by  metal,  the  silver  salt  being  CgH^Ag^O^ 
-4"  H,0,  and  the  barium  salt  OgH^BajO,  -|-  SHjO.  By  the  action  of  acetic 
acid  on  its  potassium  salt  it  is  resolved  into  acetic  acid  and  Lowig's  deox- 
alic  acid,  O^HgOg : 

2CgH80g    =    CjH^O,    -f-     aCjHgOg. 

Thio  last  acid,  C,H(OH),.(CO,H)„  forms  large  colorless  crystals,  easily 
Boluble  in  water  and  in  alcohol.  It  is  tribasic.  Heated  with  water  to 
1000,  it  ia  resolved  into  racemic  acid  and  carbon  dioxide : 

C^HgOg    =    O^HgOg'-f.     CO,. 


Pyromuctc  Acid  and  its  Derivatives* 

Pyromuolc  Acid,  OjH^O,  =  C4H3O.COOH,  is  produced  by  the  dry 
distillation  of  mucic  acid,  or  more  advantageously  by  boiling  furfurol  with 
water  and  recently  precipitated  silver  oxide  ;  the  silver  is  precipitated  by 
hydrochloric  acid,  the  filtrate  evaporated,  and  the  pyromucic  acid  purified 
by  crystallization  from  dilute  alcohol. 

Pyromucic  acid  crystallizes  in  colorless  laminie  or  needles,  easily  soluble 
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in  water,  <>0p<vnallj  if  hot,  moderatelr  soluble  in  alcohol.  It  melts  at 
134^  r.  (273.20  F.),  and  sablimes  at  i0(ic.  It  is  monobasic.  The  nirer 
§alt,  CjHjOjAg,  cry!stallizc-s  in  lamins  ;  the  barium  salt,  (C,H,0^,Ba,  fonns 
crystals  easily  soluble  in  water.  The  ethyiie  ether,  CjH,<^rCA,  obtained 
by  distilling  the  acid  with  hydrochloric  acid  and  alcohol,  is  a  crystalline 
mass,  melting  at  34©  C.  (93.20  F.),  and  boiling  at  205<i-210O  C.  (406.4CU 
410O  F.).  The  chiaride,  C<H,O.COa,  produced  by  distilling  pyromacie  acid 
with  phosphoroB  pentachloride,  boils  at  lliO  C.  (36SP  F.),  and  is  converted 
by  ammonia  into  the  amide,  C4H,O.CONII^  a  ciyBtalline  sabstance,  soluble 
in  water,  and  melting  at  13(<o  C.  (2660  F.). 

Barium  pyromucate,  distilled  with  soda-lime,  yielda  tetraphenol, 
C4H4O,  or  €411,0.011  (4-carbon  phenol),  as  a  colorless  liquid,  boiling  at 
320  C.  (89.60  F.). 

Isopyromncic  acid,  CJH4O,,  is  produced,  together  with  pyromucic  acid, 
by  the  dry  distillation  of  mucic  acid,  and  may  be  separated  from  the  latter 
by  solution  in  a  small  quantity  of  cold  water.  It  sublimes  below  lOCP  in 
white  lamins,  which  turn  yellow  on  exposure  to  the  air,  melt  at  82^  C. 
(179.60  F.),  dissolve  very  easily  in  water,  alcohol,  and  ether. 

Carbopyrrolamide,  CjHgNjO  =  C4H,<^,^^^  ,  produced  by  dry 

distillation  of  ammonium  pyromucate,  forms  white  shining  laminae,  easily 
soluble  in  alcohol  and  in  ether.  It  melts  at  173^  C.  (343.4P  F.),  and  does 
not  resolidify  till  cooled  to  1330  C.  (271.40  F.).  By  boiling  with  water  it 
is  resolved  into  ammonia  and  carbopyrrolic  acid  : 

CjHgNjO    +     H,0    =    NH,    +    C4H5NO,. 

Carbopyrrolic  acid,  C4H2<^^|^     ,  crystallizes  in  small  prisms, 

sublimes  at  about  190O  C.  (374*^  F.),  and  is  decomposed  by  sudden  heating 
into  carbon  dioxide  and  pyrrol : 

C5H5NO,    «    CO,    +    C4H.N. 

Barium  carbopyrrolate  crystallizes  in  large  lamins. 

Pyrrol  f  C,H}N,  is  a  weak  base  occurring  in  coal-tar  oil  and  in  bone-oil, 
and  producible  by  distillation  of  ammonium  pyromucate  and  of  carbo- 
pyrrolic acid.  It  may  be  prepared  from  bone-oil  by  dissolving  out  the 
basic  cx)n8tituent8  with  sulphuric  acid,  and  submitting  the  acid  solution 
to  prolonged  boiling,  whereby  the  stronger  bases  are  retained,  while  the 
pyrrol  distils  over.  The  distillate  is  heated  with  solid  potassium  hydrox- 
ide, when  the  pyrrol  combines  slowly  with  the  alkali,  admixed  impurities 
being  volatilized.  On  dissolving  the  potassium  compound  in  water,  the 
pyrrol  separates  on  the  surface  as  an  oily  liquid.  Pyrrol  is  colorless,  in- 
soluble in  water  and  alkalies,  slowly  soluble  in  acids  :  it  has  an  ethereal 
odor  reHembling  that  of  chloroform,  a  specific  gravity  =  1.077,  and  boils 
at  1330  C.  (271.40  F.).  It  is  easily  recognized  by  the  purple  color  which 
it  imparts  to  fir-wood  moistened  with  hydrochloric  acid. 

By  heating  an  acid  solution  of  pyrrol,  a  red,  flaky  substance,  pyrrol-red^ 
is  produced,  containing  CjjHifNjO,  the  formation  of  which  is  represented 
by  the  following  equation  : — 

3C4HJN    +     H,0    =     CjjHj^NjO    -f     NHj. 

Fnrfarol,  CJII4O,  sas  C4H3O.COH.— This  compound,  which  is  the 
aldehyde  of  pyroinucio  acid,  is  formed  in  the  dry  distillation  of  sugar, 
and  by  distilling  bran  with  dilute  sulphuric  acid  or  zinc  chloride.  To 
prepare  it,  1  part  of  bran  is  mixed  with  1  part  of  sulphuric  acid  diluted 
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with  3  parts  of  water,  and  the  distillate  is  saturated  with  sodium  carbon- 
ate, mixed  with  common  salt,  and  distilled.  On  adding  common  salt  to 
this  second  distillate,  the  furfurol  separates  from  the  watery  liquid  in  the 
form  of  a  heavy  oil. 

Furfurol  is  a  colorless  liquid,  having  an  agreeable  odor,  somewhat  like 
that  of  oil  of  cassia.  It  boils  at  1620  C.  (323.tP  F.),  has  a  specific  gravity 
of  1.164,  vapor-density  =s  3.493  (referred  to  air),  dissolves  in  12  parts  of 
water  at  13^  C.  (55.40  F.),  very  easily  in  alcohol. 

Furfurol,  like  other  aldehydes,  unites  with  acid  sodium  sulphite,  form- 
ing a  crystalline  compound,  CsH^Os.SOjNaH,  sparingly  soluble  in  alcohol, 
and  is  converted  by  sodium  amalgam  into  an  alcohol,  viz.,  furfuryl 
alcohol,  CjUgO,.  By  oxidation  with  silver  oxide,  it  is  converted  into 
pyromucic  acid,  and  by  nitric  acid  into  oxalic  acid.  With  ammonia  it 
forms   f  u rfuramide  :   SC^Hfl^  -f-  2NH5  =  (C,H^O),N,  +  3H,0. 

Furfuryl  Alcohol,  C5H4O.OH,  produced  by  the  action  of  sodium 
amalgam  on  furfurol  or  on  pyromucic  acid,  is  a  thick  oil,  insoluble  in 
water,  and  decomposing  when  distilled. 

Furfuramide,  (C5H4())5N„  is  formed  when  furfurol  is  left  for  a  few 
hours  in  contact  with  aqueous  ammonia,  and  separates  in  white  crystals, 
insoluble  in  water,  but  easily  soluble  in  alcohol  and  ether.  By  boiling 
with  water  or  acids  it  is  resolved  into  ammonia  and  furfurol.  By  heating 
to  1200  C.  (2480  F.),  or  by  boiling  with  dilute  aqueous  potash,  it  is  con- 
verted into  the  isomeric  compound  furfurine  (discovered  by  Fownes), 
which  is  a  crystalline  base,  melting  at  lOCP,  and  forming  crystallizable 
very  bitter  salts,  containing  1  eq.  of  acid.  Furfurine  is  sparingly  soluble 
in  cold  water,  dissolves  in  about  135  parts  of  boiling  water,  easily  in  alco- 
hol and  ether,  forming  solutions  which  have  a  strong  alkaline  reaction. 

FucusoL. — By  treating  several  varieties  of  fucus  with  sulphuric  acid  in 
exactly  the  same  manner  as  in  the  preparation  of  furfurol.  Dr.  Sten house 
has  obtained  a  series  of  substances,  which  he  designates  by  the  terms 
fueusolf  fucusamidej  &nd  fucusine.  They  have  exactly  the  same  composition 
as  the  corresponding  terms  in  the  furfurol  series,  and  also  most  of  their 
properties,  but  diifer  in  some  respects. 

The  constitution  of  the  compounds  just  described  Is  not  very  well  under- 
stood :  they  cannot  be  regarded  as  derivatives  either  of  methane  or  benzene, 
in  other  words,  as  belonging  either  to  the  fatty  or  to  the  aromatic  group, 
but  they  may  be  represented,  provisionally  at  least,  by  constitutional  for- 
mula derived  from  that  of  a  hypothetical  hydrocarbon  called  t  e  t  r  e  n  e  : — 

HC— CH 
C,H,      =       11, 
HCZLCII 

intermediate  in  composition  between  acetylene  and  benzene  ;  thus  : — 
HO.C~:C--COaH  HO.Cr: C— COH  HO.C~C— CHjOH 

HCZ:CH  H(^i:CH  HCZICH  . 

Pyromuoio  ACld.  Furfurol.  Furfuryl  alcohol. 

HC=C— CO-H  HCn C— CO.NH-  HC—CII 

J     J,  II  I     i 

HCJIC— NH,  HC -C— NH,  HC" C— NH,  . 

Oarbopyrrolio  acid.  Carbopyrrolamlde,  Pyrrol. 

65* 
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We  have  had  frequent  occasion  to  speak  of  these  compounds,  as  derived 
from  ammonium-salts  hj  abstraction  of  water ,  or  from  acids  by  substitu- 
tion of  amidogen,  NH,  for  hydroxy  I,  OH,  or  fh)m  one  or  more  molecules 
of  ammonia  by  substitution  of  acid-radicles  for  hydrogen.  They  are 
divided  (like  amines)  into  monamides,  diamides,  and  triamides,  each  of 
which  groups  is  further  subdivided  into  primary,  secondary,  and  tertiary 
amides,  according  as  one-third,  two-thirds,  or  the  whole  of  the  hydrogen 
is  replaced  by  acid-radicles.  If  the  hydrogen  is  replaced  partly  by  acid- 
radicles,  and  partly  by  alcohol-radicles,  the  compound  is  called  alkala- 
m  i  d  e  ;  for  example,  ethylacetamide,  NHCC.H.)  (C.H.O) ;  ethyldiacetamide, 
N(C,H5)(CaH30),. 


AHIDBS  DEBITED  FROK  MONATOUIC  ACIDS. 

A  monatomio  acid  yields  but  one  primary  amide,  which  may  be 
formed :  1 .  From  its  ammonium-salt  by  direct  abstraction  of  a  molecule  of 
water,  under  the  influence  of  heat ;  thus : 

C,H8(NH^)0,— HgO  =  C,H.NO  =  |  ""    ^  |  H, 

Ammonium  Acetamlde.        CONH, 

acetate.  * 

This  method  is  especially  adapted  to  the  preparation  of  volatile  amides. 

2.  By  the  action  of  ammonia  on  acid  chlorides  or  anhydrides  : 

C,H,0.C1    +     2NHj    =s    NH^Cl  +    C,H,O.NH, 

Aoetic  chloride.  Aoetamide. 

(CjH,0).,0  4-     2Nn3    =    NH^.O.CjHjO    +    C,H,O.NH,. 
Acetic  anhydride. 

This  method  is  especially  adapted  to  the  preparation  of  amides  which  are 
insoluble  in  water. 

3.  By  the  action  of  ammonia  on  compound  ethers : 

CJIaO.O.C.Hj    -f    NH,    =    CjHg.OH    +    CjHjO.NH,. 
Ethyl  acetate. 

This  reaction  often  takes  place  at  ordinary  temperatures,  but  is  for  the 
most  part  best  effected  by  heating  the  two  bodies  together  in  alcoholic 
solution. 

Secondary  monamides  are  those  in  which  two  atoms  of  hydrogen 
in  a  molecule  of  ammonia  are  replaced  by  two  univalent  or  one  bivalent 
acid-radicle,  or  by  one  acid-radicle  and  one  alcohol-radicle.  Those  con- 
taining only  univalent  radicles  are  formed  by  the  action  of  dry  hydrochloric 
acid  gas  on  primary  monamides  at  a  high  temperature ;  e.  p.,  diacetamide 
from  acetamide : 

2NH,(C,H30)    +    HCl    =    NH,a    +    NH(C,H,0), . 

Tliose  containing  bivalent  acid-radicles  are  called  imldes  :  e.  ^.,  succin- 
imide,  NHCC^H^O,).  They  are  derived  from  bibasio  acids,  and  will  be 
noticed  further  on. 
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Secondary  mon  amides  (alkalamides)  containing  an  acid-radi- 
cle and  an  alcohol-radicle,  are  formed  bj  processes  similar  to  those  above 
given  for  the  formation  of  the  primary  monamides,  substituting  amines  for 
ammonia;  thus: 


C-H,0C1 

Acetic 
chloride. 


+     NH,(C,H,) 
Ethylamine. 


HCl 


+     NH(C,H5)(C,H30) 
Etliyl-acetainiUe. 


C,H,0(OC,H,)  +    NH,(C,H5)     =    HOC^H^      +    NH(C,H5)(G,H,0) 
Ethyl  acetate.  Ethylamine.  Alcohol.  Ethyl-acetamide. 

Tertiary  monamides  are  those  in  which  the  whole  of  the  hydrogen 
in  one  molecule  of  ammonia  is  replaced  by  acid-radicles  or  by  acid-  and 
alcohol-radicles.  Those  of  the  latter  kind,  called  tertiary  alkalamides, 
are  produced  by  the  action  of  acid  chlorides  on  secondary  alkalamides : 


NH(a,H4)(C,H,0) 
Ethyl-acetamide. 


C.HjO.a 

Acetyl 
chloride. 


=     HCl     -f 


N(C,H.)(C,H30),; 
Ethyl*aiacetamide. 


or  by  the  action  of  monatomic  acid  oxides  on  cyanic  ethers  ;  e.  g, : 


(Cflfi)fi    +     N(C0)(C,H5)     =    CO,    + 
Acetic  oxide.  Ethyl  cyanate. 


N(C-H5)(C,H,0),. 
Ethyl-diacetamide. 


Monamides  are  for  th&  most  part  crystalline  bodies  soluble  in  alcohol 
and  ether.  The  lower  members  of  the  group  are  likewise  soluble  in  water, 
and  distil  without  decomposition.  As  they  contain  both  a  basic  group 
(NH,),  and  an  acid  group,  they  are  capable  of  acting  both  as  bases  and  as 
acids,  combining,  on  the  one  hand,  with  acids  to  form  saline  compounds, 
such  as  C,H,0.NU2.N0|H,  which,  however,  are  not  very  stable ;  and,  on 
the  other  hand,  forming  salts  by  substitution  of  a  metal  for  one  atom  of 
hydrogen ;  thus  sUver-acetamide^  C5H3O. NH Ag,  is  obtained  in  crystalline 
scales,  by  saturating  an  aqueous  solution  of  acetamide  with  silver  oxide. 

Amides  are  less  stable  than  amines,  the  combination  of  the  amidogen- 
group  with  acid-radicles  (C,H,0,  for  example),  being  weaker  than  the 
combination  of  the  same  group  with  hydrocarbons,  as  in  the  amines.  Con- 
sequently they  are  more  easily  decomposed  than  amines,  their  decomposi- 
tion being  effected  by  heating  with  water,  or  more  readily  with  alkalies : 


C,H,O.NH,    +     HOH 

Acetamide. 


NH,    -h     C,H,O.OH. 
Acetic  acid. 


Primary  amides  heated  with  phosphoric  anhydride  or  phosphorus  trichloride, 
give  off  1  mol.  water,  and  are  converted  into  nitrils  or  alcoholic 
cyanides;  e.g.,  acetamide  into  methyl  cyanide  or  acetonitril :' 

CH,.CO.NH,    —    H,0    =    CHj.CN. 

When  phosphorus  peutachloride  acts  upon  an  amide,  the  oxygen-atom  of 
the  latter  is  first  replaced  by  two  atoms  of  chlorine,  and  the  resulting 
chloride  when  heated  gives  up  1  mol.  HCl ;  thus  : 


and 


CHj.CONH,    +     PCI5    =    PC1,0    +     CH,.CC1,.NH,; 
CH,.CC1,.NH,    »    2Ha      +     CH,.CN. 


Formamide,  CH,NO  =  CHO.NH,,  the  amide  of  formic  acid,  is  ob- 
tained by  dry  distillation  of  ammonium  formate,  or  by  heating  ethyl  for- 
mate to  1000  with  alcoholic  ammonia.  It  is  a  liquid  which  dissolves  easily 
in  water  and  in  alcohol,  and  boils  with  partial  decomposition  at  1920^1950 
C.  (377.6CI-3850  p.).     When  quickly  heated,  it  is  resolved  into  carbon 
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monoxide  and  ammonia.     By  dehydration  with  phosphoric  anhydride  it  is 
converted  into  hydrogen  cyanide  or  formonitril,  CUN. 

Aoetamide,  CjHgNO  ==  C2H5O.NH2,  may  be  obtained  by  either  of 
the  general  reactions  above  described  ;  also  by  distilling  a  mixture  of  dry- 
sodium  acetate  and  sal-ammoniac  in  equal  numbers  of  molecules.  It  crys- 
tallizes in  long  needles,  melts  at  78Q-790  C.  (172.40-174.20  F.),  and  boila 
without  decomposition  at  222^  C.  (431. 60  F.).  It  dissolves  easily  in  water 
and  in  alcohol,  and  when  heated  with  acids  or  alkalies  it  takes  up  water 
and  is  resolved  into  acetic  acid  and  ammonia.  It  unites  with  acids,  form- 
ing unstable  compounds,  e,  g.,  C^HgNO.HCl,  and  C^HjNO.NOjH.  On  boil- 
ing its  aqueous  solution  with  mercuric  oxide,  the  latter  is  dissolved,  and 
the  solution  on  cooling  deposits  crystals  of  mercuracetamide  (C2H5NO)2Hg. 

Chloracetamides  may  be  prepared  from  the  three  chloracetic  acids 
in  the  same  manner  as  acetamide  from  acetic  acid.  Their  melting  and 
boiling  points  are  as  follows  : — 

Ml      P  B«    P 

Monochloracetamlde,        CjHyClO.NH,        1160        2240-2250 
Dichloracetamide,  C,HCl,O.NH,  960        2330-2340 

Trichloracetamide,  CjCl,O.NH,  1360        238Q-2390 

T*  U  0 

Diacetamide,  ^^^n^ir'o  *  ^^^^^^  ^7  heating  acetamide  in  a  stream 

of  hydrogen  chloride,  forms  crystals  easily  soluble  in  water,  melts  at  590 
C.  (138.20  F.),  and  boils  at  21(A-2150  C.  (4100-4190  F.). 

Triacetamide,  (C,H50),N,  obtained  by  heating  aoetonitril  to  200O  C. 
(3920  F.)  with  acetic  anhydride,  melts  at  780-790  C.  (172.4O-i74.20  F.). 

Propionamide,  CsHjO.NH,,  is  very  much  like  acetamide,  melts  at  750. 
760  C.  (1670-168.80  F.),  and  boils  at  210  C.  (41GO  F.). 

Bntyramlde,  C^H^O.NII,,  crystallizes  in  lamins,  melts  at  1150  c.  (2390 
F.),  and  boils  at  216©  C.  (420.8O  F.). 

Isovaleramide,  C5H,O.NH2,  obtained  from  isovaleric  acid,  sublimes  in 
lamiuffi  which  are  soluble  in  water. 


AXIDBS  DBRrVKD  FBOX  DIATOMIC  AND  MONOBASIC  ACIDS. 

Acids  of  this  group  may  give  rise  to  two  monamides,  both  formed  by 
substitution  of  NH,  for  OH,  and  therefore  having  the  same  composition. 
They  are,  however,  isomeric,  not  identical,  the  one  formed  by  replaoement 
of  the  alcoholic  hydroxy  1  being  acid,  while  the  other,  formed  by  replaoe- 
ment of  the  basic  hydroxyl,  is  neutral.  The  acid  amides  thus  formed  are 
called  amic  or  amidic  acids.  GlyooUic  acid,  for  example,  yields 
amidoglycollic  or  glycoUamic  acid  and  glycollamide,  both  containing 
C2H.NO, : 

CHjOH  CH-NH,  CH-OH 

I  J,  I 

COOH  COOH  CONH, 

OlycolUc  aoid.  Glycollamio  acid.  GljcoUamide. 

1.  Neutral  Amides. 

These  compounds  are  formed  by  the  action  of  ammonia  in  the  gaseous 
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state  or  in  alcoholio  solution  on  the  corresponding  oxides  or  anhydrides, 
or  on  the  ethylic  ethers  of  the  acids  ;  thus  : 

CH,.CH<^,^   +    NH,    =  CH5.CH<C0.NH, 
Laotide.  Lactamide. 

CH.CH<g^OC,H,  +  NH,  =  C,H.OH  +  CH,.CH<OH^ 

Ethyl  lactate.  Lactamide. 

Olycollamide,  CjHjNOg  =  CH,<^^ j^jj  ,  is  formed  by  heating 

CH  "      ' 

glycoUide,  ^0,  with  dry  ammonia,  and  by  heating  acid  ammonium 

CO  --^ 
tartronate  (p.  758)  to  150©  C.  (302O  F.);  C,H,(NH^)08  =  CgHgNO,  +  COg 
+  H,0.     It  crystallizes  in  needles  having  a  sweetish  taste,  easily  soluble 
in  water,  sparingly  in  alcohol,  melting  at  lOOO.     By  boiling  with  alkalies, 
it  is  resolved  into  gly collie  acid  and  ammonia. 

OH 
Lactamide,  CgH^  NO,  ^  CH,.CH  ^qq  ^tt  ,  obtained  as  above  men- 
tioned, forms  crystals  easily  soluble  in  water,  melting  at  740  C.  (165.20  F.), 
resolved  by  boiling  with  alkalies  into  lactic  acid  and  ammonia. 

.-CO-, 
Laotimide.    C^H^NO  =  CH—  CH NH„  produced  by  heating  alanine, 

CHs— CH<^^«Qg  ,  to  180O-200O  C.  (356O-3920  F.)  in  a  stream  of  hydro- 
gen chloride,  forma  colorless  lamin»  or  needles,  easily  soluble  in  water 
and  in  alcohol,  melting  at  275©  C.  (527©  F.). 

2.   Amic  or  Amidic  Acids. 

The  amic  acids  of  this  group  are  identical  with  the  amidated  acids  de- 
rived from  the  corresponding  monatomic  acids,  C„H2„0.^,  by  substitution  of 
amidogen  for  hydrogen  ;  thus  glyoollamic  acid  Is  identical  with  amidacetic 
acid  ;  lactamic  with  amidopropionic ;  leucamic  with  amidocaproic  acid  ;  for 
example : 

CH,  CH,(NH,)  CH,(OH) 

COOH  COOH  COOH 

Acetic  acid.  Amidacetic  or  Qly-  Qlycollic  acid. 

collamio  acid. 

Tliey  are  formed :  1.  By  the  action  of  ammonia  on  the  monochloro-, 
bromo-,  or  iodo-substitution-products  of  the  fatty  acids  :  c.  ^r., 

CH,C1.C0,H    +    2NH3    =    NH4CI    +     CH..NH..CO,H 
Chloracetlc  acid.  Amidacetic  acid. 

2.  By  heating  the  ammonia-compounds  of  the  aldehydes  with  hydro- 
cyanic and  hydrochloric  acid,  whereby  cyanides  are  produced  in  the  first 
Instance,  and  afterwards  transformed  into  amido-acids  by  the  action  of  the 
hydrochloric  acid  : 

CH,.CH<^^«    +     CNH    =    H,0     +    CH,.CH<^^« 
Aldehyde-ammonia.  £thldene-cy  an  amide. 

CH3.CH<|^^«    +    HCl     +    2H,0     =    NH^Cl     +    CH3.CH<^^«g 

Ethidene  liactamio 

y  anamide.  Mid. 

Several  of  them  occur  in  the  animal  organism. 


778  AMIDES. 

These  amic  acids  are  distinguished  from  the  isomeric  neutral  amides  hj 
the  more  intimate  state  of  combination  of  their  amidogen-group,  which, 
cannot  be  separated  by  boiling  with  alkalies.  As  they  (H^utain  both  a  car- 
boxyl  group  and  an  amidogen  group,  they  possess  both  acid  and  basic  pro- 
perties, and  form  saline  compounds  both  with  acids  and  with  bases,  the 
basic  character,  however,  predominating.  Hence,  they  are  often  desig- 
nated by  names  ending  in  ine,  the  ordinary  termination  for  organic  bases, 
glycollamio  acid  being  designated  as  glyoocine,  lactamic  acid  as  alanine, 
leucamic  acid  as  leucine,  etc.  They  are  also  designated,  as  a  group,  by 
the  name  Alanines. 

The  hydrogen  of  the  carboxyl  group  in  these  compounds  may  be  re- 
placed by  alcohol-radicles,  yielding  compound  ethers,  which,  however, 
are  somewhat  unstable  ;  that  of  the  amidogen  group  may  be  replaced  by 
alcohol-radicles  or  by  acid-radicles.  The  acid  derivatives  are  obtained  by 
treating  the  amido-aoids,  or  their  ethers,  with  the  halo'id  compounds  of 
aoid-radicles : 

^"«<ca/H   +    C,H,0C1   =   Ha   +    ch,<^^^A^; 

Amldacetlc  aoid.    Acetic  chloride.  Acetyl-Amidaeetio 

acid. 

the  alcoholic  derivatives  by  the  action  of  amines  on  substitution-deriva- 
tives of  the  fatty  acids  : 

CHjCl.COjH    +    NH(CH,),    =    HQ    +    CHj<^^^g»^» 

Ohloracetio  acid.       Dimetbylamine.  Dimcthyl-imidacetio 

aoid. 

The  alanines  are  crystalline  bodies,  mostly  having  a  sweetish  taste, 
easily  soluble  in  water,  insoluble  for  the  most  part  in  alcohol  and  ether. 
They  have  a  neutral  reaction,  and,  as  already  observed,  are  not  decom- 
posed by  boiling  with  alkalies,  but  when  fused  with  alkaline  hydrates, 
they  are  decomposed  into  ammonia  and  fatty  acids.  By  dry  distillation, 
especially  in  contact  with  baryta,  they  are  resolved  into  amines  and 
carbon  dioxide  : 

cH,.cH<;;^'^|j  rs  CO,  +  ch,.ch^.nh. 

Alanine.  Ethylamine. 

Nitrous  acid  converts  them  into  oxyacid  : 

CH,<co!h    +     NO.H    =    N,    +     H,0    +     CH,<g5H 
Qlycocine.  Qlycollic  acid. 


Amldacetlo  Aoid,  or  aiyooolne,  CaHsNO.sECHa^J.^^  , 

also  called  amidoglycoUic  acidf  gfi/coUamic  acid,  and  glycocoU^  is  formed  by 
the  action  of  ammonia  on  bromacetic  or  chloracetic  acid  : 

C,H,C10,    -f    2NHs    =    NH^Cl    +     C,H3(NH,)0,  ; 

also,  by  the  action  of  acids  or  alkalies  upon  animal  substances,  such  as 
glue,  hippuric  acid,  glyoollic  aoid,  etc.  From  hippurio  acid  it  is  formed, 
together  with  benzoic  acid,  according  to  the  equation : 

C,H,NO,    -H     H,0    =a    CjjHjNO,    -f     C^HgO,  . 

Glyoocine  crystallizes  from  water  in  large,  hard,  transparent,  rhombio 
prisms,  having  a  sweetish  taste,  soluble  in  4  parts  of  cold  water,  insolublo 
in  alcohol  and  ether.     It  melts  at  17(P  C.  (3380  F.),  and  decomposes  at  a 
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higher  temperature.  By  heating  with  baryta  it  is  resolved  into  oarhon 
dioxide  and  methylamine ;  by  treatment  witli  nitrous  acid  it  is  converted 
into  glycoUic  acid.  It  combines  with  acids  in  different  proportions.  With 
sulphuric  acid  it  forms  the  compound  (C2H}NO,)2S04H,  ;  and  on  addition  of 
alcohol  to  a  solution  of  this  sulphate,  a  salt  crystallizing  in  rectangular 
prisms  is  deposited,  containing  3C,H.NO,.S04H2.  It  also  forms  the  hydro- 
ch/orides,  CjUsNOj.HCl  and  C,UsN02.2HCl,  the  latter  of  which  crystallizes 
in  long  prisms.     The  nitrate,  CjH^NOg.NO,!!,  forms  large  prisms. 

Glycocine  also  forms  saline  compounds  by  substitution  of  metals  for 
hydrogen ;  thus  it  dissolves  cupric  oxide,  forming  the  salt,  (C2H4N02)2Cu 
4-  H,0,  which  crystallizes  from  the  hot  solution  in  dark  blue  needles. 
The  silver  salt,  C2U4NO,Ag,  crystallizes  over  sulphuric  acid.  Glycocine 
also  unites  with  metallic  salts,  forming  crystalline  compounds,  such  as 
CjHjNOj.NOgK,  and  C,H5N0j.N0,Ag. 

The  ethylic  ether  of  glycocine,  or  ethyl  amidacetate,  CH^^^q  'c  H     »  ^ 

produced  by  the  action  of  silver  oxide  on  the  hydriodide  obtained  by  heat- 
ing glycocine  with  ethyl  iodide  in  alcoholic  solution.  It  is  resolved  by 
evaporation  of  its  aqueous  solution  into  glycocine  and  alcohol. 

Methyl-glycocine  OT  Sarcosine,  CjH^NOj  =  CH2<^?q  "^^^  ,  iso- 
meric with  alanine,  is  formed  by  digesting  ethyl  chloracetate  with  excess 
of  a  concentrated  aqueous  solution  of  methylamine : 

CHjCl.COj.CjHg    +     CH3.NH,    +     H,0 
=    HCl    +     CaHj.OH      +      CH,<^^^'^^». 

The  same  compound  is  formed  by  boiling  creatine  with  baryta-water. 
Tlie  creatine  splits  into  sarcosine  and  urea,  the  latter  being  further  decom- 
posed into  ammonia  and  carbonic  acid.  Sarcosine  crystallizes  in  colorless 
rliombic  prisms,  easily  soluble  in  water ;  it  is  difficultly  soluble  in  alcohol, 
insoluble  in  ether,  and  has  no  action  upon  vegetable  colors.  It  combines 
with  aeids  to  form  soluble  salts,  which  have  an  acid  reaction.  The  double 
salt  of  sarcosine  with  platinum  tetrachloride  crystallizes  in  large  yellow 
octohedrons  having  the  composition  2CjHyNO,.2HCl.PtCl4  -f-  2Aq.  Sarco- 
sine ignited  with  soda-lime  gives  off  methylamine. 

K((?H,), 
Trimethyl-glycocine    or    Betaine,    CjHijNOg  ^  CHj^Pq'^0  1 

which  exists  ready-formed  in  beet-juice,  and  is  produced  by  oxidation  of 
choline  hydrochloride,  and  synthetically  by  heating  trimethylamine  with 
monochloracetic  acid,  has  been  already  described  (p.  646). 

Ethyl-glycocine,Cfi^^0^s=CU^^^Q'u*   *,   obtained    by  heating 

chloracetic  acid  with  ethylamine,  forms  deliquescent  lamins ;  it  unites  with 
acids,  bases,  and  salts. 

Diethyl -glycocine,  CjHjjNOa  =  ^^a"^'o  H  *  ^»  prepared  from  chlor- 
acetic acid  and  diethylamine,  forms  deliquescent  crystals,  and  sublimes 
below  1000. 

Acet yl- glycocine,  or  Aceturic  acid,  ^^^.^poW*    *    ,produced 

by  the  action  of  acetyl  chloride  on  silver-glycocine,  or  of  acetamide  on 
monochloracetic  acid,  crystallizes  in  small  needles,  easily  soluble  in  water 
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and  in  alcohol,  and  taming  brown  at   13(P  C  (26GO  F.);   reacts  like  a 
monobasic  acid. 

DioLTCOLLAMic  and  Triolycollamic  AczDS.-^lycocine  or  gljoollainic  acid 
may  be  regarded  as  ammonia  having  one  atom  of  hydrogen  replaced  by 
the  univalent  group  CU^.COjH,  and  the  similar  replacement  of  2  and  3 
hydrogen-atoms  in  ammonia  may  give  rise  to  di-  and  tri-glyoollamic  acids  : 

NHa.CHg.COjH    ....        Glycollamic  acid. 
NHCCHj.COjH),  .         .         .         Diglycollamic  acid. 

N(CHj.CO,H),    ....        TriglyooUamio  acid. 

These  three  acids  are  prodnced  simultaneously  by  boiling  monochlor- 
acetic  acid  with  strong  aqueous  ammonia ;  and  on  concentrating  the  result- 
ing solution,  filtering  from  separated  sal-ammoniac,  boiling  the  filtrate 
with  lead  oxide,  and  filtering  aga^n,  the  filtrate  on  cooling  deposits  the 
lead  salt  of  tri glycollamic  acid,  while  the  lead  salts  of  the  other 
two  acids  remain  in  solution.  To  separate  the  diglycollamic  acid, 
the  lead  is  precipitated  by  hydrogen  sulphide,  and  the  filtered  solution  is 
boiled  with  zinc  carbonate,  whereupon  the  sparingly  soluble  zinc  diglycol- 
lamate  separates  out,  while  the  zinc-salt  of  glyoocine  remains  in 
solution. 

Diglycollamic  and  triglycollamic  acids  are  crystalline  bodies  which  form 
salts  both  with  acids  and  with  bases ;  the  former  is  bibasic,  the  latter 
tribasic. 

Amldopropionio  Aolds,  CgHfNO,  =  CsHs(NH2)0s.— Of  these 
there  are  two  modifications,  analogous  to  the  two  bromo-,  chloro-,  and 
iodo-propionic  acids,  via.  :^ 

CH,  CH,(NHj) 

CH(NH..)  CH, 

i  I 

COOH  COOH 

a-Amidopropionio  acid  ig-Amidopropionio 
or  Alanine.  acid. 

Alanine  is  produced  by  the  action  of  alcoholic  ammonia  on  «-chloro- 
or  a-bromo-propionic  acid,  or  by  heating  aldehyde  ammonia  with  hydro* 
cyanic  and  hydrochloric  acids,  the  reactions  being  precisely  similar  to 
those  by  which  glycocine  is  obtained  from  the  corresponding  derivatives 
of  acetic  acid.  It  crystallizes  in  tufts  of  hard  net^dles,  dissolves  in  5  parts 
of  cold  water,  less  easily  in  alcohol,  and  is  insoluble  in  ether.  When 
slowly  heated,  it  melts  and  sublimes  undecomposed ;  but  when  quickly 
heated,  it  is  resolved  into  carbon  dioxide  and  ethylamine.  Nitrous  acid 
converts  it  into  lactic  acid. 

Alanine  unites  with  acids,  bases,  and  salts.  The  platinockloridey 
2(C3H,N02.HCl).PtCl4,  crystallizes  in  large  reddish  prisms. 

R'Amidopropionic  acidy  CHjCNHj) — CH^.COjH,  prepared  by  the  action  of 
ammonia  on  ^-iodopropionic  acid,  forms  rhombic  prisms  easily  soluble  in 
water,  and  sublimes  with  partial  decomposition  when  heated.  Its  copper 
compound  is  much  more  soluble  than  that  of  the  «-acid. 

a-Amidobntyrlo  Aold.  C,H,NO,  =CH,.CHg.CH<^^*g  ,  aUo 

called  Propalanine^y  is  prepared  from  «•  bromobutyric  acid.     It  crystallizes 
iu  small  lamiuse  or  needles,  easily  soluble  in  water. 
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CH(CH,), 
•-Amidiso valeric  Aold,  CcHuNO,  =  ru^^^t    t  occurs  in  the  pan- 

creas  of  the  ox,  and  is  formed  artificially  by  the  action  of  ammonia  on 
bromisovaleric  acid.  It  crystallizes  in  shining  prisms,  sublimes  without 
previous  fusion,  dissolves  in  water  and  alcohol,  but  less  easily  than  leucine. 

Amldooaproio  Acid  or  Leucine,  CjH„NO,  =  C5Hio<[^^«^    ,  is 

formed  by  the  action  of  ammonia  on  bromocaproic  acid,  and  by  digesting 
valeral-ammonia  with  hydrocyanic  and  hydrochloric  acids  : 

C5H10O.NH,  +  CNH  +  HCl  +  H,0  =  CgHijNO,  +  NH^Cl. 

Leucine  is  also  formed  by  the  decomposition  of  animal  substances,  such 
as  glue,  horn,  wool,  etc.,  during  putrefaction,  and  by  the  treatment  of 
these  substances  with  acids  or  alkalies.  It  was  first  discovered  in  putrid 
cheese ;  more  recently  it  has  been  found  in  several  parts  of  the  animal 
organism. 

Leucine  crystallizes  in  white  shining  scales,  which  melt  at  IO(P,  and 
may  be  sublimed  without  decomposition  ;  it  is  but  little  soluble  in  water, 
still  less  in  alcohol,  insoluble  in  ether.  When  heated  with  caustic  baryta, 
it  splits  into  carbon  dioxide  and  amylamine  :  C^HijNO,  as  CgHgjN  -f-  CO,. 
It  unites  with  acids,  bases,  and  salts.  Treatment  with  nitrous  acid  con- 
Terts  it  into  leucic  acid,  CgHj,Og. 


AMIDES  DBBIYED  FROM  DIATOMIC  AlTD  BIBASIC  ACIDS,  Cj^H2^<^q'u  • 

Each  acid  of  this  group  may  give  rise  to  three  amides,  viz. :  1.  An  acid 
amide  or  amic  acid,  derived  from  the  acid  ammonium  salt  by  abstrac- 
tion of  one  molecule  of  water.  2.  A  neutral  monamide,  or  i  m  i  d  e ,  de- 
rived from  the  same  salt  by  abstraction  of  2H2O.  3.  A  neutral  amide,  or 
diamide,  derived  from  the  neutral  ammonium  salt  by  abstraction  of 
2H,0  ;  thus  from  succinic  acid,  C2H4(C02H),,  are  derived  : 

1.  Sucdnamio  acid,  C,H,<^g;^2«    =.    C,H,<Cg;^NH.    _    ^q 

Add  Ammonium 

■UCClDAte. 

2.  Succinimide .     .  C,H,<^^NH  =    C,H,<^^;^JJ^*    —    2H,0 

Acid  Ammonium 
succinate* 

3.  Sacoinamide      •  C,H.<Cg;NH,    ^    C,H.<gg;gNH.    _    2H,0 

Neutral  Ammonium 
Buccinate. 

The  two  neutral  amides  may  also  be  regarded  as  derived  from  one  or  two 
molecules  of  ammonia  by  substitution  of  the  diatomic  radicle  of  the  acid 
for  two  atoms  of  hydrogen,  and  the  amic  acid  by  similar  substitution  in 
the  compound  molecule,  NH,.HUO  : 

Succinimide  NH.C4H4O, 

Snccinamide N^H^.C^H^O, 

Snccinamic  acid t^u '  >  ^iH^O,  . 
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By  sbetraction  of  four  molecales  of  water  from  the  nentnl  ammoniain 
salts,  nitrils  or  cyanides  of  the  corresponding  diatomic  aloohol-radi- 
cles  are  produced : 

/t  Tj  ^y^'\Aj,\jy  Uj    Mjj  ^    ^^    « IT  ^/^w 

^«**4<co.ONH;     "     ^^^     =     ^A<CN 
Neutral  Ammonlam  Suoeinonitril  or 

■uociaate.  Ethene  cyanide. 

The  amic  acids  of  this  group  are  also  formed  by  boiling  the  imides  witli 
water :  thus  succinimide,  C4H.NO,,  by  taking  up  H,0  is  oouTerted  into 
suocinamic  acid,  C4Hf  NOj ;  and  the  neutral  amides  are  formed  by  shaking 
up  the  corresponding  neutral  ethers  with  aqueous  ammonia :  e.  ^., 

^A<OcS    +     ^^*    ^    2C,H,(0H)    +    C,0,<^'H• 
Diethylio  Ethyl  Oxaioide. 

oxalate.  aleohoL 

The  typic  or  extra-radicle  hydrogen  in  these  amides  may  be  replaced  by 
alcoholic  or  by  acid  radicles,  thereby  producing  alkalamides,  secondary  and 
tertiary  diamldes,  etc.  The  modes  of  producing  such  compounds  may  be 
understood  from  the  following  equations  : 

C,0.<SgH.(CH.)    _    H.0     =     CA<^«(CJJ«> 

Acid  MethylAmmonium  Methyloxamie 

oxalate.  acid. 

C,H,<^0    +    C,H..NH,    =     H,0     +    C,H.<^N.CA 

Succinic  Etbylamine.  Ethyl- 

anhydride,  ■uccinimide. 

CA<^§h1  +  2(CH,.NH,)  =  2(C,n,.0H)  +  C,0,<x1|:ch| 

Diethylic  Methylamine.  Ethyl  Dimethyl- 

oxalate.  alcohol.  oxamide. 

COa,    +    2(C.Hp.NH,)     »    2HC1    +    C0(NH.C,H5), 
Garbonyl  Ethyfamine.  IMethvl- 

chloride.  carbamide. 

2C,H,<^^NAg  +  C,H,<co;^i  »  2AgCl  +  N,(c,H.<^), 

Argento-succinimide.  Sucdnyl  Trisueclnimide. 

chloride. 


Amidei  of  Oxalic  Acid. 

CO.NH, 

Ozamlo  Aoid,  C,H,NO,=s  I  ,  is  produced  by  heating  add 

CO.OH 
ammonium  oxalate  to  about  230O  C.  (446^  F.) ;  also  as  an  ammonium- 
salt  by  boiling  oxamide  with  aqueous  ammonia:  C^H^N^O^-f-H^Oss 
C,H,(NH<)NOj,.  Oxamic  acid  is  a  white  crystalline  powder  sparingly  solu- 
ble in  cold  water,  still  less  soluble  in  alcohol  and  ether.  It  is  monobasic, 
and  forms  numerous  crystalline  metallic  salts. 

Oxamic  ethers  may  be  formed  by  substitution  of  alcohol-radicles 
for  hydrogen,  eith<*r  in  the  group  NH,  or  in  the  group  OH  of  oxamic  acid, 
the  resulting  ethers  being  acid  in  the  former  case,  neutral  in  the  latter. 
The  neutral  ethers,  also  called  oxamethanes,  ar^  formed  by  the  action 
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of  ammoDia,  in  the  gaseous  state  or  in  alcoholic  solution,  on  neutral  ozalio 
ethers ;  thus : 

CO.OCjHj  CO.NH, 

I  +  NH,    =    CjH^.OH    +     j 

CO.OCjH^  CO.OCjHj 

Ethyl  oxalate.  AlcohoL  Ethyl  oxamate. 

They  are  crystalline  bodies  soluble  in  alcohol,  decomposed  by  boilingwater, 
yielding  ammonium  oxalate  and  the  corresponding  alcohol. 

The  acid  ethers  of  ozamio  acid  containing  one  equivalent  of  alcohol- 
radicle,  are  produced  by  dehydration  of  the  acid  oxalates  of  the  corre- 
sponding amines ;  thus : 

CO.0NH,(C,H0  C0.NH(C,H4) 

I  =  H,0     +      T 

CO.OH  CO.OH 

Acid  ethylammonlum  Ethyloxamlo  acid, 

oxalate. 


Methylozamic  and  phenylozamic  acids  are  also  known.  These  acid  ethers 
are  metameric  with  the  neutral  ozamic  ethers  containing  the  same  alcohol- 
radicles. 

The  replacement  of  both  the  hydrogen-atoms  in*  the  group  NH,  in  oz- 
amic  acid,  would  also  yield  monobasic  acid  ethers ;  none  of  these  are,  how- 
ever, known  in  the  free  state,  but  the  ethylic  ethers  of  dimethyl-  and 
diethyl-oxamic  acids  have  been  obtained,  e.  o.,  ethylic-dimethvl-oxamatey 
(C,0,)N(CH^,(OC,H^. 

CO.NH, 

O  z  a  m  1  d  e ,  'N^EACfi*)  ^  t  . — ^This  compound  is  formed  by  the 

CO.NH, 
action  of  heat  on  neutral  ammonium  oxalate,  but  is  more  advantageously 
prepared  by  the  action  of  ammonia  on  neutral  ethyl  ozalate.  It  is  also 
formed  in  several  reactions  from  cyanogen  and  cyanides  ;  an  aqueous  solu- 
tion of  hydrocyanic  acid,  mixed  with  hydrogen  dioxide,  yields  a  crystal- 
line deposit  of  oxamide  :  2CNH+  H,0,  =  CjNjH^O,. 

Oxamide  is  a  white,  light,  tasteless  powder,  insoluble  in  cold  water, 
slightly  Bolable  in  boiling  water,  insoluble  in  alcohol.  Heated  in  an  open 
tube  it  volatilizes  and  forms  a  crystalline  sublimate ;  but  its  vapor,  passed 
through  a  red-hot  tube,  is  completely  resolved  into  carbon  monoxide,  am- 
monium carbonate,  hydrocyanic  acid,  and  urea  (carbamide)  : 

2C,N,H^0,    =    CO    +    COg    +     NH,    +    CNH    +    CN,H,0. 

Dilute  mineral  acids  decompose  it,  yielding  an  ammonium-salt  and  free 
ozalio  acid;  c.^., 

C,N,H,0,    +    80,H,    +    2H,0    =»    SO/NH,),    +    C,HA 

Dimeihyloxamidf,  N,(C,0,)H,(CHs),,  is  produced  by  the  dry  distillation 
of  methylammonium  oxalate : 

C,(NH3.CH,)A    —    2H,0    >-    C,N,Hj(CH,)A- 

Diethyloxamide  and  diamyloxamide  are  obtained  in  a  similar  manner. 
The  imide  of  oxalic  acid  is  not  known ;  its  nitril  is  dicyanogen,  CjN,. 
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Its  ammonium  salt,  CS(NH2)(S.NH4),  formed  hy  the  action  of  aloohoUo 
ammonia  on  CS,,  crystallizes  in  yellowish  needles  or  prisms. 

Acid  thiocarbamic  ethers,  or  rather  their  amine  salts,  are  formed  hy 
heating  carbon  disalphide  with  amines  in  alcoholic  solution  : — 

CS,    +     2(C.H..NH,)      -     CS^JCtl^^jj^ 

Ethyiamine.  £tbylammoaio 

ethyl-tbiocarbamate. 

On  heating  this  salt  with  caustic  soda,  ethjlamine  is  separated,  and  sodium 

ethyl-thiocarbamate,  CS<[[g^*  *   * ,  is  produced,  from  which  hy- 

drochloric  acid  separates  ethyl-thiocarbamic  acid,  CS<Ty     '  *  , 

as  an  oil  which  solidifies  to  a  crystalline  mass  on  cooling.  By  heating 
the  amine  salts  of  ethyl  thiocarbamic  acid  to  10(P,  alcoholic  thiocarb- 
amides  are  produced  (p.  793),  e.^., 

CS<l(NHftH.)  =    H^    +    CS<NH.§H, 

Ethylammonio  ethyl-  Dietbyl-thiooarbamlde. 

tbiocarbamate. 

By  heating  the  same  amine-salts  with  metallic  salts,  as  silver  nitrate  or 
mercuric  chloride,  salts  of  ethyl-thiocarbamic  acid  are  precipi- 
tated :  e,  g.y 

CS<^(NH;^.H.)  +  A«NO.  =  (NH,.C.H.)NO,+  CS^HX.H,. 
and  these  salts,  when  boiled  with  water,  yield  thiocarbimides: 

^^<SAg^*^    =    AgHS    +    CS=N.C,Hj. 

i  CO 
Carbimlde,  CO=NH  or  N  {  X    ,  is  the  same  as  cyanic  acid,  and  many 

of  the  reactions  of  cyanic  acid  are  most  appropriately  represented  by  the 
formula  just  given,  especially  its  resolution  into  carbon  dioxide  and  am- 
monia under  the  influence  of  acids  or  alkalies  : 

NH(CO)    -f     H,0    =    NH,    +    CO,; 

and  the  corresponding  formation  of  ethyiamine  and  its  homologues,  by 
distilling  isocyanic  ethers  (alcoholic  carbimides)  with  potash  (p.  542). 

In  like  manner  tliiocyanic  acid  or  sulphocyanlc  acid,  CNSH,  is  identical 
with  thiocarbimide,  CS^^NH,  and  the  isothiocyanic  ethers  with  alcoholic 
thiocarbimides  ;  allyl  isothiocyanate  or  volatile  oil  of  mustard,  for  exam- 
ple, is  the  same  as  allyl-thiocai  blmide,  CSziN.CjH^  (see  Tbioctaitic 
Etuebs,  p.  546). 

Carbamide   or    Urea,    CON^H^  =  CO<^^g* .— This  compound 

occurs  abundantly  in  the  urine  of  mammalia,  and  in  smaller  quantity  in 
that  of  birds  and  of  some  reptiles  ;  also  in  other  animal  secretions.  It  is 
produced  artificially:  1.  By  a  transposition  of  the  constituent  atoms  of 
ammonium  isocyanate,  which  takes  place  when  its  aqueous  solution  is 
evaporated : 

C0=:N— NH^    »     ^^<Nh"- 

This  transformation,  discovered  by  Wohler  in  1828,  was  the  first  instance 
of  the  artificial  formation  of  a  product  of  the  living  organism  (p.  460). 
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2.  By  the  action  of  ammonia  on  carbonyl  chloride,  or  on  ethylic  car- 
bonate : 

COCl,  +     2NH,    =    2Ha  +     CO(NH,), 

COCOCjH,),    +     2.NH,    =    2(C,H5.0H)    +     CO(Niy , . 

3.  By  heating  ammoniam  carbamate  to  13(P-140O : 

4.  By  heating  oxamide  with  mercuric  oxide : 

C,0,(NH,),    4-     HgO    =    CO,    +     Hg    4-    CO(NH,),. 

5.  By  the  action  of  small  quantities  of  acids  on  cyanamide : 

<:i  +  H.0  -  «,<»S;. 

It  is  also  produced  by  the  action  of  alkalies  on  creatine  and  allantoin, 
and  by  oxidation  of  uric  acid,  guanine,  and  xanthine. 

Preparatim. — 1.  From  urine.  Fresh  human  urine  is  concentrated  in 
a  water-bath,  until  reduced  to  an  eighth  or  a  tenth  of  its  original  volume, 
and  filtered  through  cloth  from  the  insoluble  deposit  of  urates  and  phos- 
phates. The  liquid  is  mixed  with  about  an  equal  quantity  of  strong  solu- 
tion of  oxalic  acid  in  hot  water,  and  the  whole  vigorously  agitetod  and 
left  to  cool.  A  very  copious  fawn-colored  crystalline  precipitate  of  urea 
oxalate  is  thus  obtained,  which  may  be  placed  upon  a  cloth  filter,  slightly 
washed  with  cold  water,  and  pressed.  This  is  to  bo  dissolved  in  boiling 
water,  and  powdered  chalk  added  until  eflfervescence  ceases,  and  the  liquid 
becomes  neutral.  The  solution  of  urea  is  filtered  from  the  insoluble  cal- 
cium oxalate,  warmed  with  a  little  animal  charcoal,  again  filtered,  and 
concentrated  by  evaporation,  avoiding  ebullition,  until  crystals  form  on 
oooling  :  these  are  purified  by  a  repetition  of  the  last  part  of  the  process. 
Another  process  consists  in  precipitating  the  evaporated  urine  with  con- 
centrated nitric  acid,  when  urea  nitrate  is  precipitated,  which  is  purified 
by  recrystallization  with  the  aid  of  animal  charcoal,  and,  lastly,  decom- 
posed by  barium  carbonate,  whereby  a  mixture  of  barium  nitrate  and 
urea  is  formed,  which  is  to  be  evaporated  to  dryness  on  the  water-bath, 
and  exhausted  with  hot  alcohol ;  the  urea  then  crystallizes  on  oooling. 
Urea  may  also  be  extracted  in  great  abundance  from  the  urine  of  horses 
and  cattle  duly  concentrated,  and  from  which  the  hippuric  acid  has  been 
separated  by  addition  of  hydrochloric  acid  ;  oxalic  acid  then  throws  down 
the  oxalate  in  such  quantity  as  to  render  the  wliole  semi^solid. 

2.  From  ammonium  isocyanate. — Potassium  isocyanate  is  dis- 
solved in  a  small  quantity  of  water,  and  a  quantity  of  dry  neutral  ammo- 
nium sulphate,  equal  in  weight  to  the  cyanate,  is  added.  The  whole  is 
evaporated  to  dryness  in  a  water-bath,  and  the  dry  residue  boiled  with 
strong  alcohol,  which  dissolves  out  the  urea,  leaving  the  potassium  sul- 
phate and  the  excess  of  ammonium  sulphate  untouched.  The  filtered 
solution,  concentrated  by  distilling  off  a  portion  of  the  spirit,  deposits  the 
urea  in  beautiful  crystals  of  considerable  size.  According  to  J.  Williams,* 
isocyanate  of  lead  is  more  convenient  for  this  preparation  than  the  jiotas- 
sium  salt.  It  is  to  be  digested  at  a  gentle  heat  in  a  sufficient  quantity  of 
water  with  an  equivalent  quantity  of  anuuonium  sulphate,  and  the  liquid 
filtered  and  evaporated. 

•  Ohem.  Soe.  Journal  (1868),  xxl.  f8. 
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Urea  forms  transparent,  colorless,  four-sided  prisms,  which  are  anhj* 
drous,  soluble  in  an  equal  weight  of  cold  water,  and  in  a  much  smaller 
quantity  at  a  high  temperature.  It  is  also  readily  dissolved  by  alcohol. 
It  Ls  inodorous,  has  a  cooling  saline  taste,  and  is  permanent  in  moderately 
dry  air.  When  heated  it  melts,  and  at  a  higher  temperature  decomposes, 
giving  off  ammonia  and  ammonium  cyanate,  and  leaving  cyanuric  acid, 
which  bears  a  much  greater  heat  without  change.  The  solution  of  urea 
is  neutral  to  test-paper  ;  it  is  not  decomposed  in  the  cold  by  alkalies  or  by 
calcium  hydrate,  but  at  a  boiling  heat  emits  ammonia,  and  forms  a  metallic 
carbonate.  The  same  change  is  produced  by  fusion  with  the  alkaline 
hydrates,  and  when  urea  is  heated  with  water  in  a  sealed  tube  to  a  tempe- 
rature above  10(P : 

COH4N,    4-     H,0    =    CO,    +     2NH, . 

Urea,  heated  with  a  large  excess  of  potassium  permanganate,  in  presence 
of  much  free  alkali,  gives  off  all  its  nitrogen  in  the  free  state,  differing,  in 
this  respect,  from  most  amides,  the  nitrogen  of  which  is  oxidized  by  this 
treatment  to  nitric  acid. 

Urea  is  instantly  decomposed  by  nitrous  acid  into  carbon  dioxide,  nitro- 
gen, and  water  :  COH^N,  -h  2N0,1L=  CO,  +  2N,  +  3H,0 ;  this  decompo- 
sition explains  the  use  of  urea  in  preparing  nitric  ether  (p.  373).  When 
chlorine  gcu  is  passed  over  melted  urea,  hydrochloric  acid  and  nitrogen  are 
evolved,  and  there  remains  a  mixture  of  sal-ammoniac  and  cyanuric  acid  : 

6COH4N,    +     3C1,    =    2C,H,N,0,    +    4NH^C1    +    2HC1    +    N,. 

A  solution  of  pure  urea  shows  no  tendency  to  change  by  keeping,  and 
is  not  decomposed  by  boiling  ;  in  the  urine,  on  the  other  hand,  where  it 
is  associated  with  putrefiable  organic  matter,  as  mucus,  the  case  is  different. 
In  putrid  urine  no  urea  can  be  found,  but  enough  ammonium  carbonate  to 
cause  brisk  effervescence  with  an  acid  ;  and  if  urine,  in  a  recent  state,  be 
long  boiled,  it  gives  off  ammonia  and  carbonic  acid  from  the  same  source. 

Compounds  of  Urba. — 1.  With  Acids.— Urea,  like  glycodne,  unites 
with  acids,  bases,  and  salts,  but  though  a  diamide,  it  combines  with  only 
one  molecule  of  an  acid,  one  of  its  amidogen  groups  being  neutralized  by 
the  CO-  group. 

The  nitraie,  CH^NjO.NOjH,  is  readily  soluble  in  water,  and  orystallizes 
from  the  aqueous  solution  in  long  prisms,  but  slightly  soluble  in  nitric 
acid,  and  is  therefore  precipitated  by  nitric  acid  from  the  aqueous  solution 
of  urea.  The  oxalate,  (CH4N,0),.C,H,04,  is  obtained  as  a  white  crystalline 
precipitate  by  mixing  the  aqueous  solutions  of  oxalic  acid  and  urea ;  it  is 
but  slightly  soluble  in  water. 

2.  With  Metallic  Oxides  . — On  adding  moist  gilver  oxide  to  a  solu- 
tion of  urea,  the  compound,  COH^Nj.SAgjO,  is  deposited  as  a  gray  powder 
made  up  of  fine  needles.  Mercuric  nitrate  added  to  a  solution  of  urea, 
mixed  with  i)otash,  forms  a  white  precipitate  containing  COH4N,.2HgO. 
With  mercuric  chloride  a  white  precipitate  is  formed,  which,  on  boiling  with 
water,  turns  yellow,  and  is  converted  into  COH4N,.3HgO.  On  adding  mer- 
curic oxide  to  a  warm  solution  of  urea,  the  compound,  COH4N,.HgO, 
appears  to  be  produced. 

3.  With  Salts. — On. evaporating  a  solution  of  urea  mixed  with  todium 
chloride,  the  compound  C0H4N,.NaCl  is  obtained  in  shining  prisms.  The 
compound  C0H4N,.AgN0„  obtained  in  a  similar  manner,  forms  large 
rhombic  prisms. 

Isnretine,  CH^N^O,  isomeric  with  urea,  is  formed  by  direct  combination 
of  hydrogen  cyanide  (carbimide)  with  hydroxy lamine  :  CNH  -|-  NHjO  im 
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CH4N2O,  and  is  obtained  bj  evaporation  in  long  colorless  needles,  having 
a  strong  alkaline  reaction,  and  melting  at  104P  C.  (219. 20F.)*  Its  hydro- 
chloride, CU4N2O.UCI,  forms  deliquescent  rhombic  plates. 

Isuretine  decomposes  above  its  melting-point,  yielding  a  sublimate  of 
ammonium  carbonate,  and  a  residue  containing  ammelide  (p.  649).  Its 
aqueous  solution  also  decomposes  when  evaporated,  giving  off  nitrogen, 
ammonia,  and  carbon  dioxide,  and  leaving  a  residue  containing  area  and 
biuret. 

The  constitution  of  isuretine  may  perhaps  be  represented  by  the  formula 

CHf 

^NH.OH 

Hydroxyl-oarbaxnide  or  Hydrozyl-iirea,  CH^NjO,  =  C0<[^*^^ , 

is  prepared  by  adding  a  strong  solution  of  potassium  cyanate  to  a  solution 
of  hydroxylamine  nitrate  cooled  to  — lOO  C.  (14^  F.).  It  dissolves  easily 
in  water  and  in  alcohol,  and  is  precipitated  from  these  solutions  by  ether 
in  white  needles  melting  at  1280^1300  C.  (262.4P-2660  F.). 

Biuret,  CjHjNjO,,  is  produced  by  heating  urea  to  150O-160O  C.  (302Q- 
32UO  F.),  tlie  ch&nge  consisting  in  the  separation  of  one  molecule  of  am- 
monia fi'om  two  molecules  of  urea : 

^^"«    »    NH,     +  ^NH    . 

co<Sh;  C0<^H. 

The  biuret  is  extracted  from  the  residue  by  cold  water.  It  is  easily  soluble 
in  water  and  in  alcohol,  and  crystallizes  in  slender  needles  containing  one 
molecule  of  water.  Its  aqueous  solution,  mixed  with  potash,  dissolves 
cupric  oxide  with  red- violet  color. 

Biuret  heated  above  170O  C.  (3380  F.)  is  resolved  into  ammonia  and 
oyanuric  acid : — 

3C,IIjN,0,       «       3NH,       +       2C,H,N,0,. 

When  heated  in  a  stream  of  gaseous  hydrogen  chloride,  it  yields  cyanurio 
acid,  urea,  and  guanidine,  CHjN,,  together  with  ammonia  and  carbon 
dioxide.    The  formation  of  guanidine  is  represented  by  the  equation : 

Biuret.  Guanidine. 

Ethyl  Allophanate.  C,H,(CaH5)NjO,=CO<JJ2!co.OCH  '  ^' 

<C0  NH 
CO  OC  li  '  ^  produced  by  the  action  of  ethyl  chlorooarbonate  on 

urea: 

co<Sh;    +     C0C1.0.C,H,    -    Ha    +    CO<NH.^,Q  jj^^g^ , 
or  by  passing  cyanic  acid  vapor  into  absolute  alcohol : 

2(CP.NH)     +    C,H..OH    -    CO<NH.^Q^^^^^ . 

This  ether  forms  shining  prismatic  crystals,  soluble  in  hot  water  and  in 
alcohol.  Treated  with  caustic  baryta,  it  yields  the  barium  salt  of  allo- 
phanic  acid,  C^H^NjO,,  but  the  acid  itself  cannot  be  obtained  in  the  free 
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state,  as,  when  separated  from  the  barium  salt  by  a  mineral  acid,  it  is  im- 
mediately resolved  into  urea  and  carbon  dioxide.  A  series  of  allophanic 
ethers  may,  however,  be  prepared  by  the  action  of  cyanic  acid  on  various 
alcohols. 

Allophanic  acid  is  related  to  biuret  in  the  same  manner  as  carbamic  acid 
to  urea: 

Oarbamio  aoid.  Urea. 

^^<nh!co.oh  ^^<^nh!co.nh,  • 

AllophaDio  aoid.  Biuret 

In  other  words,  biuret  is  the  amide  of  allophanic  acid. 

Trigenio  Acid,  C4H,N,0,=C0<JJy»^Q  jj_^  jj  ,  is   produced   by 
passing  cyanic  acid  vapor  into  cold  aldehyde  : 

3(C0.NH)    +    CjH^O    =    CO,    +    C^H^NjO,. 

It  crystallizes  in  prisms  slightly  soluble  in  water  and  in  alcohol,  and  de- 
composing when  heated. 


DerlvativeB  of  Carbamide. — Compound  Ureas. 

The  hydrogen  in  carbamide  may  be  replaced  by  alcoholic  or  by  acid 
radicles. 

1.  The  alcoholic  derivatives  are  formed  by  processes  similar  to 
those  which  yield  carbamide  itself,  namely,  by  the  action  of  amines  on 
cyanic  acid,  or  of  ammonia  and  amines  on  cyanic  ethers  : 

COzzNH         +    NHj.CjHj       s    CO<^U'^»^»  I  Ethyl-carbamide. 

CO^iN.CH,    +    NH,  »    C0<^{|'^^>  I  Methyl-carbamide. 

rn—j^rn    a.    tiw  ptt         —    po^^^-^j^s  i  Methyl-ethyl-carba- 

COzzN.CjHj  +    NHCCjHj),     a    CO<^S;^"*  I  Triethyl-carbamide. 

They  are  also  produced  by  heating  isocyanic  ethers  with  water,  the  reac- 
tion apparently  taking  place  by  two  stages,  thus : 

CO^N.CjHj    +    HjO    =8    CO,    +     NH,.C,H5 

and  C0-N.C,H5    +    NH,.C,H,    ss    ^^<NH  c'h*  * 

These  compounds  greatly  resemble  nrea  in  their  properties  and  reactions. 
They  combine  with  one  equivalent  of  an  acid.  By  boiling  with  alkalies 
they  are  resolved  into  carbon  dioxide  and  amines. 

Methyl -carbamide,  CO<^j^»jj'      ',  crystallizes  in  long  transparent 

prisms.     Its  aqueous  solution  is  neutral  to  test-paper,  and  if  somewhat  con- 
centrated yields  with  nitric  acid  a  precipitate  of  the  salt  C,H,N,O.UNO,. 

Mil  rjJJ 

Dimethyl-carbamide f  CO^jjjj'qjj' ,   produced    by  the  action  of 
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water  or  of  methylamine  on  methyl  cjanate,  crystallizes  easily,  melts  at 
970  C.  (206.()'^  F.)i  volatilizes  without  alteration,  and  forms  with  nitrio 
acid  the  salt  CjHjNjO.HNO,. 

£thyl'carbamide,  C0<^^^'  2   »,  forms  large  prisms,  easily  soluble 

in  water  and  in  alcohol,  melting'at  920  C.  (197.60  F.).  Nitric  acid  does 
not  precipitate  its  aqueous  solution,  but  crystals  of  the  nitrate  CjU^N^O. 
HNO,  are  obtained  on  evaporation. 

Diethyl -carbamide,  CONjHjCCjHj)^. — Of  this  compound  there  are 
two  modifications. 

a-Dielhifl -carbamide,  CO^xtu'/.^ii*  ,  formed  by  the  action  of  water  or  of 

ethylamine  on  ethyl  cyanate  (see  above),  crystallizes  in  long  prisms,  melts 
at  1120  C.  (233.60  F.),  and  boils  without  decomposition  at  2()30  C. 
(505.40  F.). 

^Dietkyl-carbamide,  CO^^^^'^^"^^*  ,  is  formed  by  the  action  of  diethyl- 
amine  on  cyanic  acid  : 

C0=:NH    +    NH(C,H5),  =  C0<^[['«^->8 . 

It  melts  at  970  C.  (206.6O  F.),  and  boils  at  270Q-280O  C.  (5180-5360  F.). 

Methyl-ethyl -carbamide,  CO^pju'p  .?   ,  formed  by  the  action 
of  methylamine  on  ethyl  isocyanate,  is  very  deliquescent. 

Triethy I- carbamide,   CO<^jj J|  A  jf ^*  ,  is  easily  soluble  in  water, 

alcohol,  and  ether,  melts  at  530  C.  IvZlAO  F.),  and  distils  at  2230  C. 
(433.40  F.). 

All yl- carbamide,  CO<^j^o*  '   *  ,  from  allyl  isocyanate  and  ammo- 
nia, crystallizes  in  fine  prisms. 

Diallyl-carbamide  or  Sinapoline^  ^^^NHr^H**  ^®  formed   by 
heating  allyl  isocyanate  with  water : 

2(CO~N.C,H5)     +     H,0    =    CO,    +     ^(NH.CaHs), ; 

or  oj  heating  allyl-isothiocyanate,  CS^rN.CjHj  (volatile  oil  of  mustard) 
with  water  and  lead  oxide,  M'hereby  diallyl-thiocarbamide,  CS(NH.C,Hj)2, 
is  first  produced,  and  then  converted  into  diallyl-carbamide  by  the  action 
of  the  lead  oxide.  Diallyl-carbamide  crystallizes  in  large  shining  laminse, 
slightly  soluble  in  water,  having  an  alkaline  reaction,  and  melting  at  lOQO. 

Ethene-dicarbamide,  Qfl^J^fii  =  ^«^4<CnhIIcO^Nh'» ^^ formed 
by  heating  ethene-diamine  hydrochloride  with  silver  cyanate  : 
C,H4(NHj),.2HCl    +     2CN0Ag    =    2AgCl   +    CA(NH,)j(NH),.CaH^ . 

It  is  sparingly  soluble  in  alcohol,  easily  in  hot  water,  melts  with  deoompo' 
sition  at  192©  C.  (377.60  F.). 

Diethyl-ethene-carbodiamide,  Cfi^{'S{Yi.C^^{)^Q^n)^{C^Y{;),  ad- 
mits of  two  modifications,  viz.  ; 

P  „  /NH— CO— NH(C,H,)  ^.  p  „  /N(C2H,)— CO— NH, 
^«"*\NH— CO— NH(C,H5)  *""*  ^»***\N(C,n6)— CO— NH,  ' 


■^ 


792  AMIDES. 

the  first  prodnced  from  ethyl  isocyanate  and  ethene-diamine,  the  second 
from  cyanic  acid  and  diethyl-ethene-diamine. 

Alcoholic  carbamides  containing  diatomic  radicles  are  also  produced  by 
oombination  of  carbamides  with  aldehydes,  with  elimination  of  water ;  e.^., 

C.E«<^o:n:u:     =■    2C0<NH.    +    CH.0    _    H,0 

Allvlene-  Carbamide.  Acrolein, 

dlcarbamide. 

In  like  manner  the  compounds, 

Heptene-diearb-  Dlheptene 

amide.  tricarbamide. 

are  prodnced  from  carbamide  and  ODnanthol.  All  these  aldehydic  carba- 
mides are  resolved  by  boiling  with  water  into  carbamide  and  aldehyde. 

2.  Containing  Acid  Radicles. — Carbamides  containing  monatomio 
acid  radicles  are  formed  by  the  action  of  acid  chlorides  or  anhydrides  on 
carbamide.  They  are  not  capable  of  forming  salts  with  acids.  Alkalies 
decompose  them  into  carbamide  and  the  corresponding  acid. 

NH  f*  H  O 
Acetyl -carhamidBy   CO^p^„'  '   •    ,  crystallizes  in  long,   silky 

needles,  melting  at  1120  C.  (233.60  P.),  slightly  soluble  in  cold  water  and 
alcohol,  decomposed  by  heating  into  acetamide  and  cyanuric  acid. — Odor- 
acettjUarhamide,  C8H6ClN,0,  =  CO(NH,)(NH.CjHaC10),  forms  lamina  easily 
soluble  in  water,  and  is  resolved  by  heat  into  hydrochloric  acid  and  hyd- 
anto'in,  CjU^NjO,.  —  Bromacetyl-carbaitdde^  CjHjBrN.p,,  crystallizes  in 
needles  slightly  soluble  in  water,  and  is  decomposed  by  heat  in  a  similar 
manner. 

Diacetyl'Carhamide,  COCNH.CjHjO),,  produced  by  the  action  of 
acetic  anhydride  on  carbamide,  or  of  carbonyl-chloride  on  acetamide,  crys- 
tallizes in  needles,  and  sublimes  without  decomposition. 

Carbamides  containing  diatomic  acid-radicles,  such  as  glycolyl- 

carbaviidcy  CO<[]tjC^CgH,0,  are  obtained  as  derivatives  of  uric  acid,  and 
will  be  described  in  connection  therewith. 

Thiooarbamide  or  Thlo-urea,  CS<^j^tjj*,  also  called  Suipho-carha' 

mide  and  Sulphurea. — This  compound  is  formed  by  heating  ammonium  thio- 
cyanate  to  17(P  C.  (3380  F.)  in  the  same  manner  as  carbamide  is  formed 
from  ammonium  cyanate.  It  crystallizes  in  silky  needles  or  thick  rhombic 
prisms,  easily  soluble  in  water  and  alcohol,  sparingly  in  ether,  melts  at 
1460  C.  (294. 80  F.),  and  decomposes  at  a  higher  temperature,  giving  off 
carlx)n  disulphide,  hydrogen  sulphide,  and  ammonia,  and  leaving  m  e  1  a  m 
(p.  549).  When  heated  with  water  to  140©  C.  (2840  F.)  it  is  reconverted 
iii'o  ammonium  sulphocyanate,  and  by  boiling  with  alkalies,  or  with  hy- 
Oi-oolilorio  or  sulphuric  acid,  it  is  decomposed  according  to  the  equation : 

CSNjH^    4-    2H,0    =    CO,    +    2NH3    +    Ufi. 

In  contact  with  the  nxides  of  silver,  mercury,  or  lead,  and  water,  it  is 
converted  at  ordinary  temperatures  into  cyanamide,  CN.NH,,  and  by 
boiling  into  dicyanodiamide,  CjN^H^  (p.  448). 
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Thiocarbamide,  like  carbamide,  forms  salts  containing  one  equivalent 
of  acid.     The  nitrate,  CSN,H4.HN0j,  forma  large  crystals. 

Alcoholic  derivatives  of  thiocarbamide  are  formed  by  the  processes 
similar  to  those  employed  in  the  preparation  of  the  alcoholic  carbamides  ; 

CSHNCCaHj)    +     NH,    s 
Ethyl  thiocyanate. 


Cg^NHCaH.) 


Etbyl-thio- 
carbamide. 


CSZINCCjHj)     +     NH,(CH,) 


Ethylnmmonium 
Ethyldlthiooarbamate. 


^^\NH(CH,) 

Methyl-ethyl- 

thiocarbamlde. 

Dlethyl-thlo- 
carbamlde. 


These  compounds  are  desulphurized  by  heating  them  with  water  and 
mercuric  oxide,  the  sulphur  being  replaced  by  oxygen.  Those  containing 
two  equivalents  of  alcohol-radicles  are  converted  by  this  reaction  into  the 
corresponding  carbamides: 


+     HgO.  =    HgS    + 


.NH.CjHj  ' 

whereas  the  mono-substituted  derivatives  are  converted,  by  further  sepa- 
ration of  hydrogen  sulphide,  into  alcoholic  oyanamides  (mela- 
mines,  p.  549): 


NHCC^Hs)     _ 


NHi 
Ethyl-thiocar- 
•  bamlde. 


8=     H^S 


+     CN.NHCCjHj). 

Ethyl- 
oyaDamide. 


When  the  bisubstituted  thiocarbamides  are  heated  with  mercuric  oxide 
and  amines,  the  oxygen  of  the  substituted  carbamide  formed  in  the  first 
instance  is  replaced  by  imidogen,  NH,  and  substituted  guanidines  are  pro- 
duced ;  thus : 


^NH.CgHs 


v'NH.CjHj 


C9<SS  rV  +  NH,.C,Hj  +  HgO  =  HgS  +  Ufi  +  C:^N.C,H,    . 
^iNti.UjHj  XNH.CjHs 


Biethyl-thio- 
carbamide. 


Trlethyl- 
guanadlne. 


Etkifl-thiocarbamide,  CSCNHjXNH.CjHj),  crystallizes  in  needles  melting 
at  89C  C.  (192.20  p.).  DietkyUhiocar^mide,  CSCNH.CjHj),,  forms  large 
crystals  sparingly  soluble  in  water,  and  melting  at  770  0.  (170.60  F.). 
Methylethyl-thiocarbamide,  CS(NH.CH5)(NH.CjH5),  melts  at  540  C.  (129.2© 
F.). 

AHyl-thiocarbamidef  or  Thiosinnamine,  CS<:^j^jt"  '  *  ,  obtained  by  combi- 
nation of  allylthiocarbimide  (mustard-oil)  with  ammonia : 

CS=N.C,H5    4-     NH,    =     CS<^^-^3^6, 

crystallizes  in  shining  rhombic  prisms,  having  a  bitter  taste,  melting  at 
70O  C.  (1580  F.),  and  decomposing  at  a  higher  temperature  ;  easily  solu- 
ble in  water,  alcohol,  and  ether.  Its  sails  are  decomposed  by  water.  By 
boiling  with  mercuric  oxide  or  lead  oxide  and  water,  it  is  converted  into 
allyl-cyanamide,  CN.NH.CjH5,  which  is  then  further  converted,  as  above 
explained,  into  triallylmel amine  or  sin.namine,  C3N3(NH. 
CsHj),. 
67 
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CARBAMIDB8    CONTAINING     DIATOMIC    ACID    RADICLES: 

URIC    ACID    AND     URBIDBS. 

Urlo  Aoid,  C5N4H^O,,  formerly  called  Lithic  acid,  is  a  prodnct  of  the 
animal  organism,  and  has  never  been  formed  by  artificial  means.  It  majr 
be  prepared  from  human  urine  by  concentration  and  addition  of  hydro- 
cliloric  acid,  and  crystallizes  out  after  some  time  in  the  form  of  small,  red- 
dish, translucent  grains,  very  difficult  to  purify.  A  much  prefer/ule 
method  is  to  employ  the  solid  white  excrement  of  serpents,  which  can  be 
easily  procured :  this  consists  almost  entirely  of  uric  acid  and  ammonium 
urate.  It  is  reduced  to  powder,  and  boiled  in  dilute  solution  of  caustic 
potash  ;  the  liquid,  filtered  from  the  insignificant  residue  of  feculent 
matter  and  earthy  phosphates,  is  mixed  with  excess  of  hydrochloric  acid, 
lK)iled  for  a  few  minutes,  and  left  to  cool.  The  product  is  collected  on  a 
filter,  washed  until  free  from  potassium  chloride,  and  dried  by  gentle  heat. 

Uric  acid,  thus  obtained,  forms  a  glistening,  snow-white  powder,  taste- 
less, inodorous,  and  very  sparingly  soluble.  It  is  seen  under  the  micro- 
scope to  consist  of  minute,  but  regular  crystals.  It  dissolves  in  concen- 
trated sulphuric  acid  without  apparent  decomposition,  and  is  precipitated 
by  dilution  with  water.  By  destructive  distillation,  uric  acid  yields  cyanic 
acid,  hydrocyanic  acid,  carbon  dioxide,  ammonium  carbonate,  and  a  black 
coaly  residue,  rich  in  nitrogen.  By  fusion  with  potassium  hydroxide,  it 
yields  potassium  carbonate,  cyanate,  and  cyanide.  When  treated  with 
nitric  acid  and  with  lead  dioxide,  it  undergoes  decomposition  in  a  manner 
to  be  presently  described. 

Uric  acid  is  bibasic :  its  most  important  salts  are  those  of  the  alkali- 
metals.  Acid  potassium  urate,  C5N4U3KO3,  Is  deposited  from  a  hot  saturated 
solution  of  uric  acid  in  the  dUute  alkali,  as  a  white,  sparingly  soluble, 
concrete  mass,  composed  of  minute  needles :  it  requires  about  500  parts 
of  cold  water  for  solution,  is  rather  more  soluble  at  a  high  temperature, 
and  much  more  soluble  in  excess  of  alkali.  Sodium  urate  resembles  the 
potassium  salt :  it  forms  the  chief  constituent  of  the  gouty  concretions  in 
the  joints,  called  chalk-stones.  Ammonium  ur^e  is  also  a  sparingly  soluble 
compound,  requiring  for  solution  about  1000  parts  of  cold  water :  the  solu- 
bility is  very  much  increased  by  the  presence  of  a  small  quantity  of  certain 
salts,  as  sodium  chloride.  The  most  common  of  the  urinary  deposits', 
forming  a  buff-colored  or  pinkish  cloud  or  muddiness,  which  disappears 
by  redissolution  when  the  urine  is  warmed,  cotisists  of  a  mixture  of  dif- 
ferent urates. 

Uric  acid  is  perfectly  well  characterized,  even  when  in  very  small  quan- 
tity, by  its  behavior  with  nitric  acid.  A  small  portion,  mixed  with  a  drop 
or  two  of  nitric  acid  in  a  small  porcelain  capsule,  dissolves  with  copious 
efl'ervescence.  When  this  solution  is  cautiously  evaporated  nearly  to  dry- 
ness, and,  after  the  addition  of  a  little  water,  mixed  with  a  slight  excess 
of  ammonia,  a  deep-red  tint  of  murexide  is  immediately  produwd. 

Impure  uric  acid,  in  a  more  or  less  advanced  stage  of  decomposition,  is 
imported  into  this  country,  in  large  quantities,  for  use  as  a  manure,  under 
the  name  of  guano  or  huano.  It  comes  chiefly  from  the  barren  and  unin- 
habited islets  of  the  western  coast  of  South  America,  and  is  the  produc- 
tion of  the  countless  birds  that  dwell  undisturbed  in  those  regions.  The 
people  of  Peru  have  used  it  for  ages.  Guano  usually  appears  as  a  pale- 
brown  powder,  sometimes  with  whitish  specks  ;  it  has  an  extremely  offen- 
sive odor,  the  strength  of  which,  however,  varies  very  much.  It  is  soluble 
in  great  part  with  water,  and  the  solution  is  found  to  be  extremely  rich  in 
ammonium  oxalate,  the  acid  having  been  generated  by  a  process  of  oxida- 
tion.   Guano  also  contains  a  base  (^led  guanine. 
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Products  formed  from  Uric  Acid  by  Oxidation,  etc. 

When  urio  acid  is  subjected  to  the  action  of  an  oxidizing  agent  in  pres- 
ence of  water,  it  gives  up  two  of  its  hydrogen-atoms  to  the  oxidizing  agent, 
while  the  dehydrogenized  residue  (which  maybe  called  dehyduric 
acid)  reacts  with  water  to  form  mesoxalic  acid  and  urea: 

CjHjN^Oj    +    4H,0    =    CgHA    +     2CH,N20 
Defaydurio  Mesoxalio  Urea, 

acid.  acid. 

The  separation  of  the  urea  generally  takes  place,  however,  by  two 
stages,  the  first  portion  being  removed  more  easily  than  the  second  ;  thus, 
when  dilute  nitric  acid  acts  upon  uric  acid,  alloxan  is  produced  ;  and  this, 
when  heated  with  baryta^water,  is  further  resolved  into  mesoxalic  acid 
and  urea : 

CjN^HjO,    +    211,0    =    C.N,H,04    +     CN^H^O 
Dehyduric  Alloxan.  Urea. 

acid. 

QNjHA    +    2H,0    =    C.HjOfi    +    CNjH.O 
Alloxan.  Mesoxalic  Urea. 

acid. 

Alloxan  is  a  monureide  of  mesoxalic  acid — that  is  to  say,  it  is  a  compound 
of  that  acid  with  one  molecule  of  urea  minus  2H2O ;  and  the  hypothetical 
dehyduric  acid  is  the  diureide  of  the  same  acid,  derived  from  it  by  addition 
of  2  molecules  of  urea  and  subtraction  of  4  molecules  of-  water.  Now,  by 
hydrogenizing  mesoxalic  acid,  we  obtain  tartronio  acid,  C^H^Og  (p. 
758) ;  and  by  hydrogenizing  alloxan,  we  obtain  dialuric  acid,  which 
two  bodies,  accordingly,  bear  to  uric  acid  the  same  relation  that  mesoxalic 
acid  and  urea  bear  to  dehyduric  acid  ;  thus  : 

C,HA  C.N,HA  CjN.HA 

MesoxaUo  Alloxan,  Dehyduric 

acid.  acid. 

C,HA  C.NaHA  C.N,H,0,  ; 

Tartronio  Dialuric  Uric  acid, 

acid.  acid. 

and  just  as  the  hypothetical  dehyduric  acid  yields  mesoxalic  acid  and 
alloxan,  so  should  actual  uric  acid  yield  tartronio  and  dialuric  acids. 
These  bodies,  however,  have  not  been  obtained  by  the  direct  breaking-up 
of  uric  acid,  but  only  by  rehydrogenizing  the  mesoxalic  acid  and  alloxan 
which  result  from  the  breaking-up  of  its  dehydrogenized  product.  Pro- 
visionally, however,  dialuric  and  urio  acids  may  be  regarded  as  tartron- 
ureide  and  tartron-diureide  respectively  : 

CgH.Os    +     CH,N,0    —    2H,0    «     C.H.NA 
Tartronic  Urea.  Dialuric 

acid.  «oid. 

C«H A    +  2CH,N,0    —    4H,0    ^    QH.NA . 
Tjirtronic  Urea.  Urio  acid, 

acid. 

The  bodies  just  mentioned  may  be  regarded  as  typical  of  three  well- 
defined  classes  of  compounds,  to  one  or  other  of  which  a  very  large  number 
of  uric  acid  products  may  be  referred,  viz.  :  (1)  Non-azotized  hi  basic 
acids,  such  as  mesoxalic  and  tartronic  acid  ;  (2)  Monureides,  such  as 
dialuric  acid  and  alloxan,  containing  a  residue  or  radicle  of  such  an  acid, 

NFl 
e.g.,  mesoxalyl,  C3H3,  plus  one  urea-residue,  CO<^j^jj  ;  (3)  Diureides, 

such  as  uric  acid  itself,  containing  an  acid  residue,  together  with  two 
urea-residues. 


796 


MONUBEIDES. 


Monureidea. 

These  oomponnds  may  be  regarded  as  carbamides  or  ureas,  in  which  part 
of  the  hydrogen  (generally  half)  is  replaced  by  diatomic  acid-radicles. 
They  are  either  4-carbon  compounds  belonging  to  the  mesoxalic  series,  and 


containing  the  radicle  qox^^^  (mesoxalyl),  or  radicles  derived  from  i 


it— 


or  3-carbon  compounds  belonging  to  the  oxalic  series,  and  containing  the 
radicle  CO — CO  (oxalyl),  or  others  derived  therefrom.  These  relations  are 
exhibited  in  the  following  table  : 

Urea. 


^^    XO.OH 
C0< 

^CO.OH 
Mesoxalio  acid. 

^^    J^H— CO 
C0< 


>C0 
NH— CO^ 
Mesoxalyl-area 
Alloxan. 


CO.OH 

do.oH 

Oxalic  acid. 
^NH— CO 

Ox^lyl-urea 
ParHbanic  acid. 

^NH— CO 


OH 


Oxyglycolyl 
Allaoturio  i 


urea 
acid. 


CO 


NH— CO 
^NH— Ah 


-urea 
rdAntoIn. 


^NH— CO^ 
C0<  ^^>CH.OH 

^NH— CO^ 
Tftrtronyl-urea 
Dialurlo  aoid. 

^      .NH— CO^ 

*»<NH-CO>^"« 

Malonyl-urea 
Barbituric  acid. 

^^^NH— CO— CO— CO,H 

^^NH- 

Alloxanio  acid. 

Amidobarbiturio  add 
Uramil. 

CO<SHl^CH.NOi 

Nitrobarbiturio  acid 
Dilituric  acid. 

co<nh:=cC>ch.no 

Nitrosobarblturio  acid. 

^"\NU— CO-^^^0,.OH  

Thionurio  acid. 

Most  of  these  compounds,  when  treated  with  alkalies,  are  resolved  into 
the  corresponding  diatomic  acids  and  urea,  or  its  products  of  deoomi>o8i- 
tion:  e.g.f 

C^HjN.O^   +     2H,0    =    C.03(0H),    +     CON,H^. 
Ailoxao.  Mesoxalio  Urea. 

acid. 

Those  which  contain  the  group  NH,  united  with  CH„  are  converted  by 
boiling  with  alkalies,  or  with  strong  hydriodic  acid,  into  amido-acida : 

^^<NHr^"'""^^'^  +  "*^  ^  ^^«  +  NH,  +  NH,.CH,.CO,H 
Qlycolurlc  acid.  Glycoclne. 


Glycolyl 
UTydanti 

PO^NH— CO— CO.H 

Oxalurle  acid« 
P^^NH— CO— CO.NH, 

Oxaluramide. 

CO<^H-CH,-CO.H 

HydantoTn  or 
Olyooluric  acid. 


ALLOXANIC   ACID.  797 


1.   Mesoxalic  Series. 

*• 

Alloxan,  C4H3N,04. — ^This  is  the  characteristic  product  of  the  action . 
of  strong  uitric  acid  on  uric  acid  in  the  cold.  It  is  test  prepared  hy  adding 
1  part  of  pulverized  uric  acid  to  3  parts  of  nitric  acid,  specific  gravity  1.45, 
in  a  shallow  basin  standing  in  cold  water.  The  resulting  white  crystalline 
mass,  after  standing  for  some  hours,  is  drained  from  the  acid  liquid  in  a 
funnel  having  its  neck  stopped  Jvith  pounded  glass,  then  dried  on  a  porous 
tile,  and  purified  by  crystallization  from  a  small  quantity  of  water. 

Alloxan  crystallizes  by  slow  cooling  from  a  hot  saturated  solution  in 
large  efflorescent  rectangular  prisms  containing  C4H2N2O4  +  ^<1«  t  ^''om  a 
solution  evai>orated  by  heat  it  separates  in  monoclinlc  octohedrons  with 
truncated  summits,  containing  C4H2N2O4  +  Aq.  Tliese  crystals  heated  to 
150O-160O  C.  (302O-320O  F.)  in  a  stream  of  hydrogen  give  off  their  water, 
and  leave  anhydrous  alloxan,  C^N^H^O^.  Alloxan  is  very  soluble  in  water : 
the  solution  has  an  acid  reaction,  a  disagreeably  astringent  taste,  and  stains 
the  skin,  after  a  time,  red  or  purple.  It  forms  a  deep- blue  compound  with 
a  ferrous  salt  and  an  alkali,  and  its  solution,  mixed  with  hydrocyanic  acid 
and  ammonia,  yields  a  white  precipitate  ofoxaluramide;  these  two 
reactions  are  very  characteristic. 

Alloxan  unites  (like  ketones)  with  alkaline  bisulphites,  forming  crystal- 
line compounds. 

Its  aqueous  solution  decomposes  gradually  at  ordinary  temperatures,  more 
quickly  on  boiling,  into  alloxantin,  parabanic  acid,  and  carbon  dioxide : 

3C.H,N,0^    «»    CpH^N^O^    +    C,H,N,0,    +     CO, 
Aiioxan,  Alloxantin.  Pariibanio 

aeid. 

By  boiling  with  dilute  acids,  alloxan  is  resolved  into  oxalic  acid  and 
urea ;  by  boiling  with  baryta-water  or  lead  acetate,  it  is  first  converted  into 
alloxanio  acid,  which  then  splits  up  into  urea  and  mesoxalic  acid.  By 
hydriodio  acid  and  other  reducing  agents,  alloxan  is  converted,  especially 
in  the  cold,  into  alloxantin ;  at  higher  temperatures  into  dialurio  acid. 

Alloxanio  Add,  C^N^H^O^. — ^The  barium-salt  of  this  acid  is  deposited 
in  small,  colorless,  pearly  crystals,  when  baryta-water  is  added  to  a  solu- 
tion of  alloxan  heated  to  60O  C.  (140O  F.),  as  long  as  the  precipitate  first 
produced  redissolves,  and  the  filtered  solution  is  then  left  to  cool.  The 
barium  may  be  separated  by  the  cautious  addition  of  dilute  sulphuric  acid, 
and  the  filtered  liquid,  on  gentle  evaporation,  yields  alloxanio  acid  in 
small  radiated  needles.  It  has  an  acid  taste  and  reaction,  decomposes 
carbonates,  and  dissolves  zinc  with  disengagement  of  hydrogen.  It  is  a 
bibasic  acid.  The  alloxanates  of  the  alkali-metals  are  freely  soluble : 
those  of  the  earth-metals  dissolve  in  a  large  quantity  of  tepid  water  ;  that 
of  silver  is  quite  insoluble  and  anhydrous. 

On  boiling  its  salts  with  water,  the  alloxanio  acid  is  resolved  into  urea 
and  mesoxalic  acid.     The  free  acid  when  boiled  yields  oxalantin. 

Dialnrlo  Aoid,  C4H4N,04,  is  the  final  product  of  the  action  of  reducing 
agents  on  alloxan,  and  is  formed  when  sulphuretted  hydrogen  is  passed 
through  a  boiling  solution  of  alloxan  till  no  further  action  takes  place : 
C4lIyN,04  4"  HfS  =s  C4H4N2O4  -(-  S.  On  adding  t>o  an  aqueous  solution  of 
alloxan,  first  a  small  quantity  of  hydrocyanic  acid  and  then  potassium 
carIx>nato,  the  potassium  salt  of  dial  uric  acid  separates  out  in  granular 
crystals,  whilst  oxalurate  remains  dissolved  : 

2C4HaN,04    +    2K0H    =    C^U^K^fi^    +    C,H,KN,04    +    CO,. 
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Dialuric  acid  separated  from  its  salts  by  hydrochloric  acid  crystallizeR  in 
needles,  has  a  strong  acid  reaction,  and  when  exposed  to  the  air  turns  red, 
absorbs  oxygen,  and  is  converted  into  alloxantin: 

2C^H^N,0^    4-    0    =    2H,0    +     C.H^NA . 

Barbituric  Aoid,  C4H4N2O3,  is  formed  by  the  action  of  sodinm- 
amalgam  or  hydriodic  acid  on  dibromobarbituric  acid  ;  also  by  heating  a 
solution  of  alloxantin  with  strong  salpbiiric  acid,  barbituric  acid  then 
separating  out,  while  parabanic  acid  remains  in  solution. 

Barbituric  acid  crystallizes  in  beautiful  prisms,  containing  two 
molecules  of  water.  It  is  bibasic,  and  yields  chiefly  aoid  salts,  which  are 
obtained  by  treating  the  corresponding  acetates  with  barbituric  acid. 

Barbituric  acid  is  converted  by  fuming  nitric  acid  into  dilituric  acid ; 
by  potassium  nitrate  into  potassium  violurate.  When  boiled  with  potash 
it  gives  off  ammonia,  and  yields  the  potassium-salt  of  malonic  aoid, 
CaH^O^  (p.  74G),  whence  it  appears  to  have  the  oonstitution  of  malomyl- 

urea,  CO<^j^,jj ^J^CH,. 

Dibromobarbituric  acid,  C^HjBrjNjO,  =  C^<1nH  CO^^®*^*'  ^ 
formed  by  the  action  of  bromine  on  barbituric,  or  on  nitro-nltroso-,  or 
amido-barbituric  acid  ;  also,  together  with  alloxan,  by  the  action  of  bro- 
mine on  hydurilic  acid : 

CjHgN^Oe  +  Bre  +  H,0  =  C^HjNjBrjO,  +  C^NA  +  4HBr. 

It  crystallizes  In  colorless,  shining  plates,  or  prisms,  soluble  in  water, 
very  soluble  In  alcohol  and  ether.  By  hydrogen  sulphide,  in  presence  of 
water,  it  is  reduced  to  dialuric  acid  : 

C^HjN^BrjO,    +     H,S    -f     H,0    »    C.H.NjO^    +    2HBr    +    S. 

When  chlorine  or  bromine  acts  upon  a  warm  solution  of  dibromobarbi- 
turic acid,  carbon  dioxide  is  eliminated   and  tribromaoetyl  urea, 

CO<SS'^^'^^'"»  ,   is  produced.      This  compound   melts  at  1480  C. 

(298.40  F.),  and  yields  bromoform  wten  boiled  with  water. 

Monobromobarbituric  acid,  C4H8BrNaO„  produced  by  the  action 
of  zinc  or  aqueous  hydrocyanic  acid  on  dibromobarbituric  acid,  forms  crys- 
tals sparingly  soluble  in  water. 

Nitrobarbituric  or  Dilituric  acid,  C4H,(N0,)NA,  is  formed  by 
the  action  of  fuming  nitric  acid  on  barbituric  acid,  or  of  ordinary  nitric 
acid  on  hydurilic  acid.  It  crystallizes  in  colorless  square  prisms  contain- 
ing SHjO,  soluble  in  water  with  yellow  color.  It  appears  to  be  tribasic, 
but  is  most  inclined  to  form  salts  containing  only  one  equivalent  of  metal. 
Its  salts  are  very  stable,  most  of  them  resisting  the  action  of  mineral  acids. 
By  heating  with  bromine,  it  is  converted  into  dibromobarbituric  acid. 

Nitrosoharhiiitric  or  Violuric  acid.  C4H,(NO)NaO,.  *«  *o™«^  ^^ 
the  action  of  nitiyc  acid  of  specific  gravity  1.2  on  hydurilic  acid,  also  by 
that  of  potassium  nitrite  on  barbituric  acid.  The  resulting  solution  is 
mixed  with  barium  chloride,  and  the  barium  salt  thereby  precipitated  is 
decomposed  by  sulphuric  acid. 

Violuric  add  crystallizes  in  yellow  rhombic  ootohedrons  containing  one 
molecule  of  H,0,  moderately  soluble  in  water.  It  forms  blue,  violet,  or 
vcUow  salts  tiODtdining  one  equivalent  of  metal.  The  potassium  salt, 
C,H.^K(NO)If;0,  -h  2H,0,  forms  dark  blue  prisms.^issolving  in  water  with 
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violet  color.  The  sodium  salt  is  dark  red.  The  solution  of  the  acid  is 
colored  dark  blue  by  ferric  acetate,  and  on  adding  alcohol  to  the  solution, 
a  ferric  salt  is  precipitated  in  six-sided  laminse  having  a  red  color  and  me- 
tallic lustre. 

Violuric  acid  heated  with  potash-lje  is  resolved  into  urea  and  nitroso- 
malonlo  acid  : 

C,Hj(NO)NjO,    +     2H,0    =    CONgH^    -f-     C8Hs(N0)0^ . 

Amidobarbituric  acidj  C^Hj(NH2)NjOg,  also  called  Uramil,  Dialur- 
amide,  and  Murtxan,  is  formed  bj  the  action  of  hydriodic  acid  on  violuric 
acid  or  dilituric  acid,  or  by  boiling  a  solution  of  ammonium  thionurate 
with  hydrochloric  acid.  It  is  best  prepared  by  boiling  alloxantin  with  an 
aqueous  solution  of  sal-ammoniac  : 

Alloxantin.  tframii.  Alloxan. 

It  crystallizes  in  colorless  needles,  turning  red  on  exposure  to  the  air, 
nearly  insoluble  in  cold  water,  slightly  soluble  in  boiling  water,  easily  in 
alkalies.  The  ammoniacal  solution  becomes  purple  on  exposure  to  the 
air,  and  yields  murexid  on  boiling.  Urarail  is  decomposed  by  strong  nitric 
acid,  with  formation  of  ammonium  nitrate  and  alloxan : 

Heated  with  aqueous  potassium  cyanate  it  is  converted  into  pseudourio 
acid  (p.  802):  C^H^NjOb  +  CNHO  =  CgHjN^O^.— By  the  action  of  mer- 
curic or  argentic  oxide  suspended  in  boiling  water,  it  is  converted  into 
murexid. 

Thlonnrlo  Aold,  C.HsNjSOe  =  CO<^^^^C<^^|j .— This 

acid,  which  contains  the  elements  of  alloxan,  ammonia,  and  sulphurous 
oxide  (C4U,N,04  4-NHg4'S02)}  ^  formed,  as  an  ammonium-salt,  when  a 
cold  solution  of  alloxan. is  mixed  with  a  saturated  aqueous  solution  of  sul- 
phurous acid,  in  such  quantity  that  the  odor  of  the  gas  remains  quite  dis- 
tinct :  an  excess  of  ammonium  carbonate  mixed  with  a  little  caustic  am- 
monia is  then  added,  and  the  whole  boiled  for  a  few  minutes.  On  cooling, 
ammonium  thionurate  is  deposited  in  colorless,  crystalline  plates,  which,  by 
solution  in  water  and  reorystallization,  acquire  a  fine  pink  tint.  By  con- 
verting it  into  a  lead  salt,  and  decomposing  the  latter  with  hydrogen  sul- 
phide, thionuric  acid  is  obtained  as  a  white  crystalline  mass,  very  soluble 
in  water.  When  its  solution  is  heated  to  the  boiling  point,  it  is  resolved 
into  sulphuric  acid  and  uramil : 

C^HgNjSO,    +    H,0    »    HjSO^    +    CAN.O,. 


2.   Oxalic  Series. 


_  J^H— CO 

Parabanio  Aold,  C8H,NjO,=sCO<;  i     ,  Oxalyl  urea.— This 

is  the  characteristic  product  of  the  action  of  moderately  strong  nitric  acid 
on  uric  acid  or  alloxan,  with  the  aid  of  heat;  formed  also  from  the  same  sub- 
stances by  oxidation  with  manganese  dioxide  and  sulphuric  acid  : 

CftH^N^O,    +    0,-1-     2H,0    =    CjHjNjO,    +     2C0,    +    2NH,. 

It  is  conveniently  prepared  by  heating  1  part  of  uric  acid  with  8  parts  of 
nitric  acid  till  the  reaction  has  nearly  ceased  ;  the  liquid  is  evaporated  to 
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a  syrup  and  left  to  cool ;  and  the  product  drained  from  the  mother-liquor 
is  purified  by  re-crystallizatiou.  Parabanic  acid  forms  colorless,  transpa- 
rent, thin,  prismatic  crystals,  permanent  in  the  air  :  it  is  easily  soluble  in 
water,  has  a  pure  and  powerfully  acid  taste,  and  reddens  litmus  strongly. 
Neutralized  with  ammonia,  and  boiled  for  a  moment,  it  yields  on  oooling 
crystals  of  the  ammonium  salt  ofozaluric  acid,  CgH^N^O^,  from  which 
the  acid  may  be  separated  by  sulphuric  acid. 

Parabanic  acid  is  bibasic.   With  the  alkali-metals  it  forms  monometallic 

J^K— CO 
salts,  like  CsHEN,0,:=CO^  i      ,  which  are  obtained  as  crystalline 

NH— CO 

precipitates  on  adding  potassium-  or  sodium-ethylate  to  a  solution  of  para- 

b«»mc  acid  in  absolute  alcohol ;  when  dissolved  in  water,  these  salts  are 

converted  into  oxalurates.     Silver  nitrate,  added  to  a  solution  of  the 

acid,  throws  down  the  diargentio  salt,  CjAg^N^O,. 

Parabanic  acid  boiled  with  dilute  acids  is  resolved  into  urea  and  oxalic 

acid.     In  presence  of  alkalies,  it  takes  up  water,  and  is  converted  into 

oxaluric  acid,  CgH^N^Of.     By  the  action  of  zinc  and  hydrochloric  acid,  it 

is  converted  into  oxalantin,  Cfi;!!lfit^2Cfi^'Sfi^^0. 

Methyl'parabamc  add^  CfiiPR^^fi^,  is  obtained  by  decomposition  of 
creatinine. 

Dimeihyl-parahanic  acid  or  ChoUstrophane,  C5(CH3)J^^0„  obtained  by  heat- 
ing the  silver  salt  of  parabanic  acid  with  methyl  iodide,  forms  silvery 
laminffi,  which  easily  melt  and  sublime. 

Ozalnrio  Acid,  CjH^NjO^ «  CO<^y~^^^"^^»^ ,  the  analogue 

of  alloxanio  acid,  is  formed  by  the  action  of  alkalies  on  parabanic  add. 
Its  ethylic  ether  is  produced  by  heating  urea  with  chloroxalic  ether : 

J^H,        CO.Cl  J^H-^O— C0,.C,H5 

C0<\         -*-   •  =    HCl     +     C0<  *    *  *. 

It  crystallizes  in  silky  needles,  which  melt  with  decomposition  at  150^^ 
160O  C.  (302CL.320O  F.). 

Oxaluric  acid,  separated  from  its  salts  by  a  mineral  acid,  is  a  heavy 
crystalline  powder.  Its  salts  are  sparingly  soluble.  Boiled  with  water  or 
alkalies,  U  is  resolved  into  oxalic  acid  and  urea.  Heated  to  200O  C. 
(3920  F.)  with  phosphorus  trichloride,  it  gives  up  water,  and  is  recon- 
verted into  parabanic  acid. 

Oxaluramlde  or  Ozalan,  C,H5N,0,  =  C0<]^h  ^^'^^'^^  » 
is  formed,  together  with  dialurio  acid,  on  adding  a  little  hydrocyanic  aoid 
and  ammonia  to  an  aqueous  solution  of  alloxan,  and  separates  as  a  white 
precipitate,  while  the  dialuric  acid  remains  dissolved.  It  is  also  produced 
by  heating  ammonium  parabanate  (its  isomeride)  to  lOOO,  and  by  heating 
ethyloxalurate  with  ammonia.  It  is  sparingly  soluble  in  water,  and  is  re- 
solved by  boiling  with  water,  into  oxalic  acid,  urea,  and  ammonia. 

Allanturio    Aoid   or   Ozyglyoolyl-urea,   CJ^j!ffi.i^ 
J^H— CH(OH) 
CO^  I  ,  formed  by  heating  allantoin  with  baryta-water  or 

dioxide  of  lead,  is  a  deliquescent  mass,  the  aqueous  solution  of  which 
gives  white  precipitates  with  silver  or  lead  salts.  When  boiled  with  ba- 
ryta, it  yields  hydantoic  and  parabanic  acids,  the  latter  further  splitting 
up  into  oxaluric  aoid  and  urea  (or  CO,  and  NH,). 
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Bnocinnrlc  Acid,  CjHgNjO^,  ia  produced  by  heating  urea  to  120Q-13CO 
C.  (248-260O  F.)  with  succinic  anhydride.  It  forms  shining  scales,  melt- 
ing with  decomposition  at  203Q-205O  C.  (397.4P-401O  F.). 

Hydantoin  or  Olyoolyl-urea,  ^sHAO,  t=  CO<^j^^^ 

is  formed  synthetically  by  heating  bromacetyl-urea,  with  alcoholic  am- 
monia : 

,,<KH.CO.CH,B,    +    ,H.    -    NH,B.    +    CO<^^:J^ . 

It  is  also  produced  by  the  action  of  hydriodio  acid  on  allantoin : 
CAN4O,    +    2HI    =    CjH^NjO,    +    CONjH^    +    I,, 

or  on  alloxanio  acid : 

C0<5JS-^^^^^^»^  +   H,  =  CO,  +   H,0  +   CO<^M^  . 
^^**«  ^NH— CH, 

Hydantoin  forms  needle-shaped  crystals,  having  a  faint  sweet  taste  and 
melting  at  206©  C.  (402.8O  F.).  When  boUedwith  baryta-water,  it  takes 
up  water  and  is  converted  into  hydantoic  acid. 

<NH CO 
N(CH  )--CH    '  ^  olfJtained  by  prolonged 

heating  of  creatinine  (q,  v.)  to  10(P  with  baryta-water  ;  also  by  fusing  urea 
with  sarcosine  (methyl-glyoocine)  : 

It  forms  crystals  easily  soluble  in  water  and  in  alcohol,  melts  at  1450  C. 
(2930  F.),  and  sublimes  in  shining  needles.  Boiled  with  oxide  of  mercury 
or  silver  it  yields  metallic  derivatives. 

JS'H— CO 

Lactyl-urea,  CO<r  ]  ,  metameric  with  methyl-hydan- 

JN  ri—  kj  H^—Kj  li  j 

torn,  is  formed,  together  with  alanine,  when  the  potassium  cyanide  used 

in  the  preparation  of  the  latter  from  aldehyde-anunonia  (p.  792)  contains 

cyanate.     It  forms  efflorescent  rhombic  crystals,  containing  C4HgN,0,+ 

H.p  ;  melts  at  14(P  C.  (2840  F.),  and  sublimes  with  partial  decomposition. 

By  boiling  with  baryta- water  it  is  converted  into   lacturic  acid, 

^  ^NH— CH— CH- 
C0<^  I  ,  metameric  with  methyl-hydantoic  acid,  which  melts 

N  H,— C  O2H 

at  1550  C.  (3110  F.). 

NH  r*o 

Ethyl-hydanioin,  C0-<^  i^      ,  produced  in  like  manner  by 

^(^2115) — C'Hj 

melting  urea  with  ethyl-glycocine,  crystallizes  in  large,  flat  prisms,  easily 

soluble  in  water  and  alcohol,  melting  at  about  10(P,  and  easily  subliming. 

The  metameric  compound,  acetonyl-urea,  C^<C[n jiUco     *     » 

formed  by  heating  a  mixture  of  acetone  and  potassium  cyanide  containing 
cyanate  with  fuming  hydrochloric  acid,  crystallizes  in  prisms,  melting  at 
1750  C.  (3470  F.).  By  boiling  with  baryta-water  it  is  converted  into  ace- 
tonuric  acid,  Cfiy^fi^. 
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Hydantoio  or  Glyoolnrlo  Aoid,  CsH^N^O,  s 

CO<^jjjj       ^        *    ,  is  prodaced  by  boiling  allantoin,  hydantoin,  or 

glycolurii  with  baryta-water,  and  aynthetically  by  heating  glyoocine  with 
urea  (or  by  boiling  its  solution  with  baryta-water)  : 

CO<gl;  +  CH.<N5i,  =  NH,  +  CO^«-^H.-^.H : 

also  by  heating  glyoooine  sulphate  with  potassium  cyanate : 

CO=NH    +    CH,<^^    a    C0<2^"*-^^»^ . 

Hydantoic  aoid  forms  large  rhombic  prisms  soluble  in  water.  It  is  mono- 
basic, and  most  of  its  salts  are  easily  soluble.  By  heating  with  hydriodio 
acid  it  is  converted  into  glycocine : 


CO 


^BW:H,-C0,H    +  h,0  =  CO,    +    NH.    +    CH,<^^3 


Diureides. 

The  best  known  compounds  of  this  class  contain  4,  5,  6,  or  8  atoms  of 
carbon.  The  4-  and  5-carbon  diureides  (including  uric  acid  itselO  &i« 
formed  by  the  union  of  one  molecule  of  a  bibasic  acid  and  2  molecules  of 
urea,  with  elimination  of  4  molecules  of  water,  and  accordingly  contain 

one  diatomic  acid-residue  and  two  urea-residues,  ^^>jh  • 

Urio  Aoid,  CgH^N^O,,  as  already  observed,  may  be  regarded  as  the 
dlureide  of  tartronio  aoid,  and  accordingly  represented  by  the  formula : 


^NH— CO^         ^NH 


^NH— C< 

CH(OH)<^^g    +     2C0<N|^|    -    4H.0. 
Tartronio  acid.  Urea. 

Iso-nrlc  Acid,  C5H4N4O.,  is  formed  by  the  action  of  cyanamide  on 
alloxantin  in  aqueous  solution,  and  separates  on  boiling  in  the  form  of  a 
heavy  powder.  Its  constitution  may  perhaps  be  represented  by  the  form- 
ula: 

Psendomrio  Aoid,  C^H^N^O^.— The  potassium  salt  of  this  acid  is  ob- 
tained as  a  yellow  crystalline  powder  by  boiling  uramil  with  a  strong  so- 
lution of  potassium  cyanate.  The  free  aoid  forms  colorless  crystals, 
slightly  soluble  in  water.  Its  structure  and  formation  may  be  represented 
as  follows  : 

co<^hZco>^°-^'^«   +   ^^N" 

Uramil.  Oyanlo  aeid. 


CO<^gI^^CH/SSP>CO. 


PseudO'Urio  aoid. 
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FBendo-thionric  Add,  C^U^'Sfi^f  is  formed  by  heating  alloxan  and 
thiooarbamide  with  a  concentrated  alcoholic  solution  of  sulphur  dioxide : 

It  forms  thin  white  needles,  insoluble  in  water,  but  soluble  in  adds. 

Urozanio  Acid,  C^HgN^Og,  and  Ozonic  Aoid,  C^H^N^O^. — 
These  acids  are  formed  by  gradual  oxidation  of  uric  acid  in  alkaline  solu- 
tion. A  solution  of  uric  acid  in  potash  left  for  soine  time  in  an  open  ves- 
sel deposits  shining  lamine  of  potassium  uroxanate,  C5H0KyN4Oe-4~^H,O, 
from  which  the  free  acid  maj  be  separated  by  hydrochloric  acid  in  the  form 
of  a  crystalline  powder,  which  dissolves  in  hot  water,  but  decomposes  at 
the  same  time,  with  separation  of  carbon  dioxide.  Its  formation  is  repre- 
sented by  the  equation : 

CjH.N^O,    +     2H,0    +    O    =    C^H^N^Oe. 

Potassium  uroxanate,  at  the  moment  of  its  formation,  is  partly  converted, 
by  separation  of  CO,  and  Nli,,  into  potassium  oxonate,  C4HsK2N]|04, 
which  is  also  formed  by  passing  a  stream  of  air  through  a  solution  of  uric 
acid  in  potash  till  all  the  uric  acid  is  oxidized.  This  salt  forms  radiate 
groups  of  crystals,  containing  1^  mol.  H^O.  Acetic  acid  added  to  its  dilute 
solution  throws  down  the  potassium  salt  of  allanturic  acid,  or  oxygly- 

^NH— CHOH 
oolyl-urea,  C.H.N-O.or  C0<:^  I 

^^NH— CO 

Allantoln,  C^HgN^O,. — This  substance,  which  contains  the  ele- 
ments of  2  molecules  of  ammonium  oxalate  minus  5  molecules  of  water 
[2G,(NH4),04— .5H,0],  is  found  in  the  allantoic  liquid  of  the  foetal  calf 
and  in  the  urine  of  the  sucking  calf.  It  is  produced  artificially,  together 
with  oxalic  acid  and  urea,  by  boiling  uric  acid  with  lead  dioxide  and  water : 

2C5H4N4O,    +    O^   -f    5H,0    =    C^H^N^Os   +    2Cfifit   +    2CH4N,0,. 

The  liquid  filtered  from  lead  oxalate,  and  concentrated  by  evaporation, 
deposits,  on  cooling,  crystals  of  allantom,  which  are  purified  by  re-solution 
and  the  use  of  animal  charcoal.  The  mother-liquor,  when  further  con- 
centrated, yields  crystals  of  pure  urea.  AUantoin  forms  small  but  briliant 
prismatic  crystals,  transparent,  colorless,  tasteless,  and  without  action 
on  vegetable  colors.  It  dissolves  in  160  parts  of  cold  water,  and  in  a 
smaller  quantity  at  the  boiling  heat.  It  is  decomposed  by  boiling  with 
nitric  acid,  and  by  oil  of  vitriol  when  concentrated  and  hot,  into  ammonia, 
carbon  dioxide,  and  carbon  monoxide.  Heated  with  concentrated  solu- 
tions of  caustic  alkalies,  it  is  decomposed  into  ammonia  and  oxalic  acid. 

Its  structure  may,  perhaps,  be  represented  by  the  formula 

aiycolnril,     C.H-N.O,,    probably    C0<  *>C<|      »  ia 

formed  by  the  action  of  sodium  amalgam  on  allantoin,  and  separates  in 
octohedral  crystals,  sparingly  soluble  in  water,  moderately  soluble  in  am- 
monia and  in  concentrated  acids.    Ammoniaoal  silver  nitrate  forms  in  its 
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solutions  a  yellow  precipitate  having  the  composition  C^H^Ag^N^O,.  Bj 
boiling  with  baryta-water,  it  is  resolved  into  urea  and  hydantoic  acid,  and 
by  boiling  with  acids  it  is  converted  into  hydanto'in. 


Diareides  oontaining  6  and  8  atoms  of  oarbon  are  formed  by  the  onion 
of  2  monureide  molecules,  with  elimination  of  water. 

Allozantin,  CgH^N^Of,  is  formed  on  mixing  the  aqneona  aoluiions 
of  alloxan  and  dialuric  acid : 

CO<^^Z?^CO    +     CH.OH<CO^NH>^co    ^ 
Alloxan.  Dialuric  acid. 

Aloxantin. 

It  is  the  chief  product  of  the  action  of  hot  dilute  nitric  acid  ui>on  nric 
acid,  and  is  likewise  produced  by  the  action  of  deoxidizing  agents  upon 
alloxan — anhydrous  alloxan  tin,  in  fact,  containing  1  atom  of  oxygen  less 
than  2  molecules  of  alloxan.  It  is  best  prepared  by  passing  sulphuretted 
hydrogen  gas  through  a  moderately  strong  and  cold  solution  of  alloxan. 
The  mother-liquor  from  which  the  crystals  of  alloxan  have  separated 
answers  the  purpose  perfectly  well ;  it  is  diluted  with  a  little  water,  and 
a  copious  stream  of  gas  transmitted  through  it.  Sulphur  is  then  deposited 
in  large  quantity,  mixed  with  a  white,  crystalline  substance,  which  is  the 
alloxantin.  The  product  is  drained  upon  a  filter,  slightly  washed,  and 
then  boiled  in  water :  the  filtered  solution  deposits  the  alloxantin  on  cool- 
ing. Alloxantin  forms  small,  four-sided,  oblique  rhombic  prisms,  color- 
less and  transparent ;  it  dissolves  with  difficulty  in  cold  water,  but  more 
freely  at  the  boiling  heat.  The  solution  reddens  litmus,  gives  with  baryta- 
water  a  violet-colored  precipitate,  which  disappears  on  heating,  and  when 
mixed  with  silver  nitrate  produces  a  black  precipitate  of  metallic  silver. 
Heated  with  chlorine  or  nitric  acid,  it  is  oxidized  to  alloxan.  The  crystals 
become  red  when  exposed  to  ammoniacal  vapors.  They  contain  3  mol. 
HjO,  which  they  do  not  give  off  till  heated  above  160O  C.  (302Q  F.). 

Alloxantin  is  readily  decomposed  ;  when  a  stream  of  sulphuretted  hy- 
drogen is  passed  through  its  boiling  solution,  sulphur  is  deposited  and 
dialuric  acid  is  produced.  A  hot  saturated  solution  of  alloxantin  mixed 
with  a  neutral  salt  of  ammonia  instantly  assumes  a  purple  color,  which, 
however,  quickly  vanishes,  the  liquid  becoming  turbid  from  formation  of 
uramil :  the  solution  then  contains  alloxan  and  free  acid.  With  silver 
oxide,  alloxantin  gives  off  carbon  dioxide,  reduces  a  portion  of  the  metal, 
and  converts  the  remainder  of  the  oxide  into  oxalurate.  Boiled  with 
water  and  lead  dioxide,  it  gives  ofif  urea  and  lead  carbonate. 

Hydnrilio  Aold,  C^H.N^Og.— Dialuric  acid,  heated  to  about  160O 
C.  (320OF.)  with  glycerin  (which  acts  merely  as  a  solvent),  splits  up  into 
formic  acid,  carbon  dioxide,  and  ammonium  hydurilate: — 

SC^H.N.O,    =    CHA    +     3C0j    -f     2C,HjN4(NH,)0, . 

By  converting  this  ammonium-salt  into  a  copper-salt,  and  decomposing  the 
latter  with  H^,  hydurilic  acid  is  obtained  in  crystals. 
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Hjdurilic  acid  is  converted  hy  fuming  nitric  acid  into  alloxan ,  with- 
out any  other  product ;  but  with  nitric  acid  of  ordinary  strength  it  yields 
alloxan,  together  with  violurio  acid,  violantin,  and  diliturio 
acid : 

C«H.N.O,  4-     NO3H  »  aH,NA  +   C,H,NA  +   H,0 
Uydurllio  Yiolurio  Alloxan, 

acid.  acid. 

C«H,NA  +  2NO3H   =  C^H^NaOj  +   C^H.NjO,  +   NO,H   +   H,0  . 
Hydurilio  Diliturio  Alloxan, 

acid.  acid. 

If  the  action  be  carried  on  to  the  end,  dilituric  acid  is  the  only  product. 
This  acid  may  indeed  be  regarded  as  a  product  of  the  oxidation  of  viol  uric 
acid  :  C^NgHgO^  =s  C^NjHgO^  -|-  O :  and  yiolantin  as  a  compound  of  the 
two. 

Furpnrlo  Acid,  CgH^N^Og,  is  not  known  In  the  free  state ;  its  am- 
monium salt,  C8H4(NU4)N50g,  constitutes  murexid.  This  salt  contains 
the  elements  of  two  molecules  of  uramil  minus  two  atoms  of  hydrogen  : 

NH 
Parpuric  acid. 

It  is  formed  by  mixing  the  ammoniacal  solutions  of  alloxan  and  uramil : 

C,H,N,0,    +     C.H^NjO,     f     NH,    =    H,0    +     CgH,(NH,)N,Oe , 

and  is  best  prepared  by  boilifig  for  a  few  minutes  a  mixture  of  1  part  of 
dry  uramil,  I  part  of  mercuric  oxide,  and  40  parts  of  water  rendered 
slightly  alkaline  by  ammonia : 

2C,H,N,0,    +    O    =    H,0    +    CsHgNeOe. 

Another  method  is  that  of  Dr.  Gregory :  7  parts  of  alloxan  and  4  parts  of 
alloxantin  are  dissolved  in  240  parts  of  boiling  water,  and  the  solution  is 
added  to  about  80  parts  of  cold  strong  solution  of  ammonium  carbonate : 
the  liquid  instantly  acquires  such  a  depth  of  color  as  to  become  opaque, 
and  gives  on  cooling  a  large  quantity  of  murexid :  the  operation  succeeds 
best  on  a  small  scale. 

Murexid*  crystallizes  with  1  molecule  HjO  in  small  square  plates  or 
prisms,  which  by  reflected  light  exhibit  a  splendid  green  metallic  lustre, 
like  that  of  the  wing-cases  of  the  rose-beetle  and  other  insects  :  by  trans- 
mitted light  they  are  deep  purple-red.  It  dissolves  with  difficulty  in  cold 
water,  much  more  easily  at  the  boiling  heat,  but  is  insoluble  in  alcohol 
and  ether.  Mineral  acids  decompose  it,  with  separation  of  a  white  or 
yellowish  substance  called  murexan,  probably  identical  with  uramil. 
Caustic  potash  dissolves  it,  with  production  of  a  magnificent  purple  color, 
which  disappears  on  boiling. 

A  few  years  ago  murexid  was  extensively  used  in  dyeing  ;  but  it  is  now 
to  a  great  extent  superseded  by  rosaniline. 

Ozalantln,  CgH^N^Og,  also  called  leucoturic  add,  is  formed  by  the 
action  of  zinc  and  hydrochloric  acid  on  parabanic  acid  : 

*  So  called  from  the  TyriaD  dye,  said  to  have  been  prepared  from  a  species  of 
murex. 
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^^    JJH— CO     ,       CO— NIL 

Parabanlo  Parabanio 

acid.  aoid. 

^^  ^NH— CO      CO— NH^ 

«><NH-i— (UnH  >«>    +    H.0  . 

Oxalantin. 

It  forms  small  crystals  slightly  soluble  in  water,  and  reduces  ammonia- 
cal  solutions  of  mercury  and  silver. 

AlUtnrlo  Aoid,  C^^^l^fi^y  is  formed,  together  with  alloxan  and  para- 
banic  acid,  by  boiling  alloxantin  with  hydrochloric  acid.  It  forms  crys- 
tals sparingly  soluble  in  water,  and  when  heated  with  water  to  1800-1900 
C.  (3560-37^  F.),  is  resolved  into  oxalic  acid,  carbon  dioxide  and  mon- 
oxide, and  ammonia. 

Respecting  basic  compounds,  natural  and  artificial,  related  to  theureides 
by  their  composition  and  reactions,  see  Alkaloids. 


▲  MIDBS  DEBIVBD    FROX    TBIATOMIC   AKD 
TBTBATOMIC   ACIDS. 

Our  knowledge  of  thtoe  amides  is  somewhat  limited :  we  shall  notice 
only  those  derived  from  malic,  tartaric,  and  citric  acids  : 

1.  Amides  of  Malio  Aoid. 

Malic  acid,  CO,H— CU,— CHOH— CO,H,  or  CjHjCOHX^q^^  ,  which  is 
triatomic  and  bibasic,  is  capable  of  yielding  five  amides,  viz. : 

C,H.(OH)<^:NH.  C,H,(NH,)<^;OH . 

Malamio  acid.  Aapartio  add. 

C.H,(OH)<CO.NH,  C.H,(NH.)<^:^2' 
Malamide.  Asparagin. 

C,H,(NH,)<Jq;j^jj« 
Triamide  (unknown). 

Mai  a  mi  e  acid  is  not  known  in  the  free  state,  but  its  ethylic  ether,  or 

<C0.NH 
Co'c  H    '  ^^  formed  as  a  crystalline  mass  when 

ammonia  gas  is  passed  into  an  alcoholic  solution  of  diethylic  malate : 
C,H,(OH)<COAH.  ^  jjH,  =  C,H.(OH)  +  C,H,(OH)<^;NH^  . 

Asp  art  ic  acid,  C4H,N0|,  isomeric  with  malamic  acid,  is  related  to 
malic  and  succinic  acids  in  the  same  manner  as  glycocine  to  glyoollic  and 
acetic  acids  (p.  778),  and  may  accordingly  be  regarded  as  amidosuccinio 
acid.  It  occurs  in  beet-molasses,  and  is  produced  by  various  reactions 
from  albuminous  substances.  It  is  prepared  by  boiling  asparagin  with 
alkalies  or  aeids.  It  crystallizes  ^.n  small  rhombic  prisms,  moderately 
soluble  in  hot  water.    Its  alkaline  solutions  turn  the  plane  of  polarization 
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to  the  left ;  acid  solutions  to  the  right.  Like  other  amido-acids,  it  unites 
both  with  acids  and  with  alkalies  ;  with  the  latter  it  forms  both  acid  and 
neutral  salts ;  e.g,^ 

C,H,(NEy<^[J'^g ;  C,H.(NH.)<^g»^g  .  c.H,(NH^<^g«>B». 

By  the  action  of  nitrous  acid  it  is  converted  into  malic  acid. 
An  inactive  aspartic  acid  is  obtained  by  heating  fumarimide  with  water : 

CAOj-NH    +    2H,0    =    C^H^NO^. 

It  crystallizes  in  large  monoclinic  prisms,  somewhat  more  soluble  in  water 
tlian  the  optically  active  acid.  By  nitrous  acid  it  is  converted  into  inac- 
tive malic  acid. 

Malamidey  C4HgN20,,  is  produced  by  the  action  of  ammonia  in  excess 
on  dry  diethylio  malate  : 

C.H.(OH)<^O.OC.H,  ^.  2NH,=  2H0C.H.  +  C.H.(OH)<gg:^^^  . 

It  forms  large  crystals,  and  when  heated  with  water  is  resolved  into  am- 
monia and  malic  acid. 

Asparagirif  C^^^iJiB^^^QQ^*  ,  Isomeric  with  malamide,  occurs  in 

numerous  plants,  as  asparagus,  marsh  mallow,  mangold- wurzel,  peas, 
beans,  vetches,  and  cereal  grasses,  especially  in  the  young  sprouts.  It 
may  be  prepared  from  marsh-mallow  roots  by  chopping  them  small,  mace- 
rating them  in  the  cold  with  milk  of  lime,  precipitating  the  filtered  liquid 
with  barium  carbonate,  and  evaporating  the  clear  solution  over  the  water- 
bath  to  a  syrup.  The  asparagin  then  crystallizes  on  cooling  in  shining 
transparent  rhombic  prisms,  which  have  a  faint  cooling  taste,  and  are 
moderately  soluble  in  hot  water,  insoluble  in  alcohol  and  in  ether.  The 
crystals  contain  one  molecule  of  water,  whereas  those  of  malamides  are 
anhydrous. 

Asparagin  and  nialamide  differ  also  in  their  action  on  polarized  light, 
malamide  having  a  specific  rotatory  power  of  — 47.5^,  whereas  that  of 
asparagin  in  an  acid  solutionis  +  350,  and  in  an  ammoniacal  solution — lio 
18'.  Lastly,  malamide,  when  treated  with  alkalies,  is  resolved,  as  already 
observed,  into  ammonia  and  malic  acid,  whereas  asparagin  yields  ammonia 
and  aspartic  acid. 

Asparagin  forms  salts  both  with  acids  and  with  baees. 

By  fermentation  in  contact  with  albuminous  substances,  asparagin  is 
converted  into  ammonium  succinate.  By  oxidation  with  potassium  perman- 
ganate it  yields  ammonium  formate,  hydrocyanic  acid,  and  carbon  dioxide : 

C^HgNjO,    -h    O^    =    CHOj.NH^    +     CNH    +    2C0,    +     H,0 . 

In  presence  of  sulphuric  acid  the  oxidation  takes  place  according  to  the 
equation : 

C^HgNjO,    -f    O,    =    2NH,    +    4C0,    +    H,0  ; 
in  presence  of  potash  the  products  are  ammonia  and  oxalic  acid : 

C^HgNjO,    +    O4    +    4KH0    r»    2NH5    +     2C,0^K,    +    3H,0  . 

2.  Amides    of   Tartaric   Acid.  —  Tartramic    Acid,    C^H^NO.  s 

<P0  NH 
CO  oh'  '  ^  obtained  as  an  ammonium-salt  by  the  action  of 

ammonia  on  tartaric  anhydride,  C4H4O5. 
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Ethyl  tartramatej  Tartramic  ether,  or  Tartrcanethane,  is  obtained  hy  the 
action  of  alcoholic  ammonia  on  diethylic  tartrate.  When  cantionsly 
heated  with  alkalies,  it  yields  tartramic  acid.  Ammonia  oonyerts  it  into 
tartramide. 

Tartramide,   C^HgNjO^  =  C,H,(OH),<;^^;^|J« ,  formed  also  by  the 

action  of  ammonia  on  diethylio  tartrate,  is  a  crystalline  substance,  the 
solution  of  which  exhibits  deztro-  or  leyo-rotation  according  to  the  kind 
of  tartaric  acid  from  which  it  has  been  prepared. 

3.  dtramide,  CeHjiNjO^ssCjH/OHXCO.NH,),,  obtained  by  the  action 
of  alcoholic  ammonia  on  ethyl  or  methyl  citrate,  is  a  crystalline  substance 
slightly  soluble  in  water. 

Citramic  acid  and  citrimide  are  not  known,  but  phenylic  derivatives  of 
these  amides  have  been  obtained. 


Benzene-DerivatiTOB,  or  Aromatio  Group. 

The  hydrocarbons,  C„Hjp_^,  viz.,  benzene  and  its  homolognes,  to- 
gether with  the  alcohols,  acids,  and  bases  derived  from  them,  form  a  group 
resembling  the  fatty  bodies  in  many  of  their  chemical  relations,  but  never- 
theless exhibiting  decided  peculiarities,  which  mark  them  as  a  natural 
family.  They  are  called  aromatic,  on  account  of  the  peculiar  and  fragrant 
odors  possessed  by  some  of  them,  especially  by  certain  derivatives  of  ben- 
zene, such  as  benzoic  acid,  bitter  almond  oil,  etc. 

Intimately  related  to  these  bodies  are  certain  other  hydrocarbons  with 
their  derivatives,  containing  proportionally  smaller  numbers  of  hydrogen- 
atoms,  namely:  cinnamene  CgHg,  naphthalene  C,oHg,  anthra- 
cene C,4H,^,  pyrene  C,gH,jj,  and  chrysene  CigH,, ;  and  the  ter- 
penes,  C,oHi6,  which  contain  a  larger  number  of  hydrogen-atoms  than 
benzene  and  its  homologues. 


H7DROCARBONS,  C„H„^. 

This  is  the  principal  series  of  the  aromatic  group,  analogous  to  the  paraffin 
series  in  the  fatty  group.  The  known  hydrocarbons  belonging  to  it  are 
represented  by  the  formulae, 

CeHe,  C^Hg,  CgHjo,  C.H„,  C^H,,,  C„Hi„  C„H„,  C„H„  . 

The  first  is  called  benzene;  the  second,  t  o  1  u  e  n  e  ;*  the  others  admit 
of  isomeric  modifications,  the  names  of  which  will  be  given  hereafter. 
Many  of  these  hydrocarbons  are  found  in  the  lighter  part  of  the  oil  or 
naphtha  obtained  by  the  destructive  distillation  of  coal,  and  may  be  sepa- 
rated from  one  another  by  fractional  distillation. 

These  hydrocarljons  might  be  regarded  as  derived  from  the  paraffins  by 
abstraction  of  8  atoms  of  hydrogen  (e.  ^.,  C,H,  =  CgH„  —  H.),  or  from 
the  oleflnes  by  abstraction  of  6  atoms  of  hydrogen,  etc.,  and  accordingly 

♦«!J^''*'^»?*^"V^^'*P  benzo/,  toluoZ,  etc.  i  but  it  is  not  de8!r«Me  to  Apply  the  Bhmt 
termlDatlon  to  hjUrocftrbonii  aod  their  Alcoholic  derivatives. 
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thej  might  be  expected  to  act  as  octovalent^  sexvalent,  qnadriyalent,  or 
bivalent  radicles ;  and,  in  fact,  benzene  does  form  definite  compounds 
with  6  atoms  of  chlorine  and  of  bromine.  But  in  nearly  all  cases  the  aro- 
matic hydrocarbons  react  as  saturated  molecules,  like  the  paraffins,  yield- 
ing, when  treated  with  chlorine,  bromine,  or  nitric  acid,  not  additive  com- 
pounds, but  substitution-products. 

Benzene  may  be  represented  as  a  saturated  molecule  by  the  following 
constitutional  formula,  in  which  the  carbon-atoms  are  united  together  by 
one  or  two  combining  units  alternately  :— 


The  other  hydrocarbons  of  the  series  may  be  derived  from  it  by  succes- 
sive- additions  of  CH,,  or  by  substitution  of  methyl,  CH,,  in  the  place  of 
one  or  more  of  the  hydrogen-atoms  ;  thus  : 


C,  Hi, 

^10^  14 


CeH^CCH,)  Methyl-benzene. 

CfU/CU,),  Dimethyl-bensene. 

CeHjCCH,),  Trimethyl -benzene. 

CfH,(CU^4  Tetramethyl-benzene. 


Further,  a  hydrocarbon  isomeric  with  dimethyl-benzene  may  be  formed 
by  the  substitution  of  ethyl,  C,Hj,  for  1  atom  of  hydrogen  in  benzene, 
viz.,  ethyl-benzene,  C0Hj(C,H5);  in  like  manner  methyl-ethyl-benzene, 
CgH4(GH,)(C,H(),  and  propyl-benzene,  CgHg(C,Hf),  are  isomeric  with  tri- 
methyl-benzene  ;  diethyl-benzene  with  tetra-methyl-benzene,  etc.  etc.  It 
is  easy  to  see  that  in  this  manner  a  large  number  of  isomeric  bodies  may 
exist  in  the  higher  terms  of  the  series.  The  structure  of  these  isomeric 
hydrocarbons  may  be  illustrated  by  the  following  figures ;— 


Methyl-benzene. 


Dimethyl*benzene. 


Ethyl-benzene. 


Hi       H- 


Trimethyl  benzene.       Methyl-ethyl-benzene. 


Propyl-benzene. 


In  these  homologu^  of  benzene,  the  six  carbon-atoms  belonging  to  the  ben- 
zene itself  are  said  to  form  the  benzene-ring,  benzene-nucleus, 
or  principal  chain,  while  the  ^onpa  CH„  CH^CH,,  etc.,  Joined  on  to 
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these  carbon-atoms  are  called  lateral  ohalns.  The  chemical  proper- 
ties of  an  aromatic  hydrocarbon  differ  considerably  according  to  the  nnm- 
ber  of  lateral  chains  which  it  contains. 

The  replacement  of  the  hydrogen-atoms  in  the  principal  and  lateral 
chains  by  CI,  Br,  NO,,  OU,  NH,,  etc.,  gives  rise  to  substitution-derivatives 
which  exhibit  numerous  cases  of  isomerism. 

I.  In  Benzene-derivatives. — ^The  mono-derivatives  of  benzene  do  not  ex- 
hibit isomeric  modifications :  thus  there  is  but  one  monobromo-,  mono- 
nitro-,  or  mono-amidobenzene,  one  monohydroxyl-derivative  or  phenol, 
CfHg(OH),  etc.  Hence  it  must  be  inferred  that  the  molecule  of  benzene 
is  perfectly  symmetrical,  all  its  six  carbon-atoms  and  all  its  six  hydrogen- 
atoms  being  equal  to  one  another  in  value,  and  discharging  similar  func- 
tions, so  that  the  replacement  of  a  single  hydrogen-atom  by  another  ele- 
ment or  radicle  produces  t)ie  same  effect,  in  whatever  part  of  the  molecule 
the  substitution  takes  place. 

The  higher  derivatives,  on  the  other  hand,  formed  by  replacement  of 
two  or  more  hydrogen-atoms  in  the  molecule,  exhibit  isomeric  modifications 
which  are  supposed  to  depend  upon  the  relative  positions,  or  orienta- 
tion ,  of  the  substituted  radicles.  Referring  to  the  figure  on  page  809,  in 
which  the  carbon-atoms  in  benzene  are  numbered  from  one  to  six,  it  is  easy 
to  see  that  there  may  be  three  such  modifications  of  dichlorobensene, 
CeH^Cl,,  represented  by  the  following  figures : 


cnf        \^         cHf         Vh 


These  three  modifications  are  distinguished  by  the  symbols 
1:2  1:3  1:4 

In  the  first  the  two  chlorine-atoms  are  contiguous ;  in  the  second  they  are 
separated  by  one  atom  ;  and  in  the  third  by  two  atoms  of  hydrogen.  It 
is  clear  that  these  are  the  only  tliree  modifications  possible :  for  2 :  3,  3:4, 
4 :  5,  and  6  : 1,  would  be  the  same  as  1:2;  2:4  and  8 :  5  would  be  the 
same  as  1 :  3 ;  and  2  :  5  and  3  :  6  would  be  the  same  as  1 :  4. 

The  number  of  possible  modifications  formed  by  successive  replacement 
of  the  hydrogen-atoms  in  benzene  is  as  follows : 

A.    The  hydrogen-atoms  are  successively  replaced  by  the  same  element  or  com- 
pound radicle.     In  this  case  the  number  of  modifications  is  as  follows : 


Number  of 

Hyd  rofren-Atoms 

replaced. 


one 

two 

three 

four 

five 

six 


Number  of 
Modifieations. 


one 

three 

three 

three 

one 

one 


PositionB  of  the  replaced 
Hydrogen-atoms. 


1, 

1.2, 
1,2,3 
1,  2,  3,  4 
1.  2,  3,  4,  5 


OoDMOutlve. 


1,3, 
1,3,4 
1,  3,  4,  5 


Unsym- 
metrical. 


1,4 
1,3,5 
1,  3,  4,  6 


Syni> 
metrical. 
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The  meaning  of  the  terms  consecutive,  symmetrical,  and  unsymmetrical, 
applied  to  the  tliree  modifications  of  the  di-,  tri-,  and  tetraderivatives, 
will  be  better  understood  bj  means  of  the  following  diagram  : — 


ConBeeutive. 
1 

/\2 


\/ 


1 


Viuyininetrical. 
1 


1 
/\ 

\/ 

4 

1 


4 


SymmetricaL 
1 


4 


1 


5^/3 


1 
6/\ 


4 


By  counting  from  different  points  of  the  hexagons  it  is  easy  to  see  that : 

in  the  tri-derivativeB,      1, 3,  4     Is  the  same  as  1,  2, 4,      1,  2, 6     and  1, 3,  6 
In  thetetra-derivatives,  1,S,  4,6  **  1,2,  8,  6,  1,  2,  4,  a  and  1,3,  6,  6 

and  1,8,  4,  6  "  1,2,4,6. 

B.    The  hydrogen-atoms  are  replaced  hy  differ erU  elements  or  radicles. 

If  only  two  hydrogen-atoms  are  thus  replaced,  the  number  of  possible 
modifications  remains  the  same  as  above,  viz.,  three ;  for  the  reversal  of 
the  order  (AB  or  BA)  3an  make  no  difference  in  the  result ;  but  if  three 
or  more  hydrogen-atoms  are  replaced  by  different  radicles,  the  number  of 
possible  modifications  becomes  larger,  inasmuch  as  the  order  of  succession 
of  the  substituted  radicles  may  then  exert  an  influence  on  the  nature  of 
the  product ;  thus :  to  one  tribromobenzene,  C^BrBrBrHj,  in  which  the 
bromine-atoms  occupy  the  places  1,  2,  3,  there  will  correspond  two  dibro- 
mochlorobenzenes,  viz.,   CgBrBrClH,,  and  CgBrClBrH,. 

In  the  present  state  of  our  knowledge  we  cannot  in  all  cases  assign  to 
the  several  radicles  which  replace  the  hydrogen  in  benzene  their  exact 
relative  positions  in  each  isomeric  modification  ;  though  so  far  as  regards 
those  derivatives  in  which  the  substituted  radicles  are  all  alike,  the  list  is 
nearly  complete ;  but  inasmuch  as  a  given  modification  of  a  benzene-de> 
rivative  may  in  many  cases  be  converted  into  a  particular  modification  of 
another  benzene-derivative,  by  simple  transformations  not  likely  to  be 
attended  by  any  change  of  molecular  structure,  we  may  conclude  that  in 
the  two  derivatives  thus  producible  one  from  the  other,  the  radicles  which 
replace  two  or  more  atoms  of  hydrogen  will  occupy  corresponding  places. 
Accordingly,  the  derivatives  of  benzene  containing  a  given  number  of  re- 
placed hydrogen-atoms  may  be  divided  into  groups,  each  containing  those 
modifications  which  can  be  formed  one  from  the  other,  and  in  which  there- 
fore the  radicles  which  have  replaced  the  hydrogen-atoms  may  be  sup- 
posed to  be  similarly  situated. 

The  di-derivatives  of  benzene,  «.  g,,  0,1140101,  CjH^OlBr,  0,H401(NO,), 
etc.,  exhibit,  as  above  mentioned,  three  such  modifications,  which  are 
distinguished  by  the  prefixes  ortho,  meta,  a,nd para:  thus  the  three-dichlo- 
robenzenes  are  designated  as  follows  : — 
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Orthodiohlorobenzene,  1:2     .        .        .    Q  CI  CI  H  H  H  H 
Metadichlorobenzene,    1:3     .         .         .     C,  01  H  CI  H  H  H 
Paradiohlorobenzene,    1:4     .         .         .     C.  CI  U  H  CI  H  H. 

The  following  are  the  principal  or  typical  representativefl  of  these  three 
series  of  compounds  :— 

1:2  1:3  1:4 

^'ot  Ox  ""^^noir^  I  ^A(^H)»  Py«>catechin  Resorcin        Hydroquinoit« 

Oxy-acidSy  ^•^♦'^CcO  H    Salicylic         Oxy benzoic  Paraoxybenzoic 

Dimethyl-benzenes,  C-H^CCH,),  Orthoxylene  Metaxylene  Paraxylene 
Dicarbon-acids,       C^H^CCOjH),  Phthalio         Isophthalio  Terephthalio 

The  relative  positions  of  the  snbstitnted  radicles  in  a  di-derivative  of 
benzene  may  be  determined  by  comparison  with  those  in  the  tri-derivatives 
which  may  be  formed  from  it  or  converted  into  it.  The  principle  of  this 
method  may  be  illustrated  by  the  case  of  the  di-bromobenzenes,  CgH^Br,. 
These,  by  the  action  of  nitric  acid,  may  be  converted  into  six  different 
nitrodibromobenzenes,  C0H,Br,(NOs)  ;  these  latter,  treated  with  reducing 
agents,  yield  the  six  corresponding  amido-dibromobenzenes,  CsH,Br2(NH^, 
in  which  the  NH,  takes  the  place  of  the  NO,  ;  and  the  amidchdibromoben- 
zones  (dibromanilines),  treated  by  processes  hereafter  to  be  described,  ex- 
change their  NH,  for  H,  whereby  they  are  reconverted  into  dibromoben- 
zeues,  and  for  Br,  whereby  they  yield  tribromobenzenes.  The  relations 
between  these  di-  and  tri-derivatives  are  shown  in  the  following  diagram, 
in  which,  for  simplicity,  the  C's  and  U's  of  the  benzene-molecule  are 
omitted,  and  only  the  substituted  radicles  are  shown  in  their  relative 
places ,  the  several  tribromo-  and  nitrodibromobenzenes  are  placed  verti- 
cully  under  the  dibromobenzenes  from  which  they  are  derived. 
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All  inspection  of  this  diagram  shows  :  (1)  That  a  para-derivative  (1 :  4) 
can  give  rise  to,  or  be  derived  from,  only  one  tri-derivative,  viz.,  the  un- 
symmetrical  modification,  1 :  2 :  4  or  1  :  3  :  4. 

(2)  That  an  ortho-derivative  (1 :  2)  can  give  rise  to,  or  be  produced  from, 
two  tri-derivatives,  viz.,  the  consecutive  1:2:3,  and  the  unsvmmetrical 
1:2:4. 

(3)  That  a  meta-derivative  (1 :  3)  can  give  rise  to,  or  be  formed  from, 
all  the  three  tri-derivatives,  1:2:3,  1:3:4,  and  1:3:5. 

These  conclusions,  which  are  fully  borne  out  by  experiment,  enable  us 
to  give  definitions  of  the  three  classes  of  di-derivatives  depending  only  on 
their  relations  to  the  tri-derivatives,  and  independent  of  all  assumptions 
as  to  the  relative  positions  of  the  substituted  radicles  ;  thus  : 

A  di-derivative  of  benzene  is  para-,  ortho-,  or  meta-, 
according  as  it  can  give  rise  to,  or  be  formed  from,  one, 
two,   or  three  tri-derivatives. 

II.  In  the  Substitutum-derivatives  of  the  Homologitea  of  Benzene.^^The  deri- 
vatives of  toluene  and  the  higher  hydrocarbons  of  the  series  C„H^-j,  ex- 
hibit two  kinds  of  isomerism  :  (1)  According  as  the  replacement  of  the 
hydrogen  takes  place  in  the  benzene-nucleus  or  principal  chain,  or  iu  one 
of  the  lateral  chains  (p.  809);  thus  from  toluene,  CeHj.CHj,  are  derived: 

CgH.Cl.CH3  isomeric  with  CgHj.CH^Cl 

MoQochlorotoluene.  Benzyl  chloride. 

C,H,(OH).CH,  "  CeHg.CHjCOH) 

CresoL  Beozyl  alcohol. 

CeH,(NH,).CH,  «  C.H,.CH,(NH,) 

Toluidine.  Benzylamine. 

These  isomeric  derivatives  differ  considerably  from  one  another  in  their 
properties.  Those  in  the  left-hand  column,  formed  by  replacement  of  hy- 
drogen in  the  benzene-nucleus,  like  those  derived  in  like  manner  from 
benzene  itself, — are  comparatively  stable  compounds,  which  do  not  give 
up  their  chlorine,  hydroxy  1,  etc.,  in  exchange  for  other  radicles  so  easily 
as  the  corresponding  derivatives  of  the  paraffins, — whereas  those  in  the 
right-hand  column,  formed  by  replacement  of  hydrogen  in  the  lateral 
chain,  are  more  active  bodies,  easily  susceptible  of  this  kind  of  transforma- 
tion. Thus  benzyl  alcohol  treated  with  hydrochloric  acid  yields  benzyl 
chloride  (just  as  ordinary  ethyl  alcohol  similarly  treated  yields  ethyl  chlo- 
ride); and  this  compound  heated  with  ammonia  yields  benzylamine;  the 
chloride  is  also  easily  converted  into  the  acetate,  cyanide,  etc.,  by  treat- 
ment with  the  corresponding  potassium  salts.  In  short,  these  last-men- 
tioned toluene  derivatives  exhibit  reactions  exactly  like  those  of  the  cor- 
responding compounds  of  the  methyl  and  elhyl  groups.  The  two  series 
of  compounds  may,  however,  be  represented  by  formula  of  similar  struc- 
ture, but  containing  isomeric  radicles,  C^H^,  those  in  the  left-hand  column 
being  compounds  of  methyl-phenyl  or  tolyl,  CfU^CCH,),  and  those 
in  the  right-hand  colamn  being  compounds  of  phenyl -me  thy  I  or 
benzyl,  CHjCCjIIs) ;  c.  g,  : 

CH^^«     -     nF«^*<^^3)  CH<^«^*    =     NiCH,(CeH,) 

Toluidine  or  Tolyiamiae.  Benzylamine. 

(2)  According  to  the  orientation  of  the  substituted  radicles  in  the  ben- 
zene-nucleus.— ^This  kind  of  isomerism  is  of  course  exhibited  only  by 
derivatives  like  those  in  the  left-hand  column,  including  the  hydrocarbons 
which  contain  more  than  one  lateral  chain ;  thus :  dimethyl- benzene  or 
xylene,  CjHjCCHj),,  exhibits  the  three  modifications,  1:2,  1:3,  and  1 : 4. 
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The  difference  in  chemical  character  arising  from  sahstitntion  in  the 
principal  or  in  the  lateral  chains  is  much  greater  than  that  which  depends 
on  the  orientation  of  the  substituted  radicles  in  the  principal  chain ;  in 
fact,  the  differences  in  the  latter  case  are  chiefly  of  physical  character,  r^ 
lating  to  density,  melting  point,  boiling  point,  etc.  In  speaking  of  these 
two  kinds  of  modification,  it  will  be  convenient  to  debignate  the  former  as 
metamerio,  the  latter  as  isomeric. 


Benzene,  CfH,. — ^This  hydrocarbon  can  be  produced  synthetically  from 
its  elements.  When  ethine  or  acetylene,  CxH,,  which,  as  we  have  seen 
(p.  510),  may  be  formed  by  the  direct  combination  of  carbon  and  hydrogen, 
is  heated  to  a  temperature  somewhat  below  redness,  it  is  converted  into 
several  polymeric  modifications,  the  principal  of  which  is  triethine  or 
benzene,  SC,!!,  =  CgH^ . 

This  mode  of  formation  leads  at  once  to  the  constitutional  formula  of 
benzene  above  given :  for  suppose  three  molecules  of  ethine  placed  as  in 
the  left-hand  figure  below  ;  and,  further,  that  one  of  the  three  units  of 
affinity  between  the  two  carbon-atoms  in  each  of  these  molecules  is  re- 
moved, and  employed  in  linking  together  the  alternate  carbon-atoms :  then 
we  have  the  formula  of  benzene,  as  given  in  the  right-hand  figure. 

Ethine.       Ethin& 
H— C         C— H  H— C C— H 


II 
H—C        C— H  H— C        C— H 

H— C~^C— H  H-^=C— H 

Ethine.  Benzene. 

Benzene  is  also  formed  in  the  dry  distillation  of  many  organic  substanoM, 
and  is*  contained  iu  considerable  quantity  in  the  more  volatile  portion  of 
coal- tar  oil,  from  which  it  is  now  almost  always  prepared.  To  obtain  it, 
the  oil  is  repeatedly  washed  with  dilute  sulphuric  acid  and  with  potash, 
to  remove  the  alkaline  and  acid  products  likewise  existing  in  it ;  and  the 
remaining  neutral  oil  is  submitted  to  repeated  fractional  distillation,  the 
portion  which  goes  over  between  80O  and  90O  C.  (170O^194P  P.)  being 
collected  apart.  On  cooling  this  distillate  to  — 120  C.  (10.40  p.),  the  ben- 
zene crystallizes  out,  and  may  be  purified  from  adhering  liquid  substances 
by  pressure.  It  is  now  prepared  in  immense  quantities  for  the  manufac- 
ture of  aniline ;  but  the  commercial  product  is  always  impure,  containing 
also  the  higher  members  of  the  series. 

Pure  benzene  may  be  obtained  by  distilling  benzoic  acid  with  lime : 

AH,0,      -I-      CaO      »      CaCO,      +      C,H« 
Benzpio  Lime.  Cnlclum  Benzene. 

»«W-  carbonate. 

Benzene  is  identical  with  the  so-called  bicarbwret  of  hydrogen^  discovered 
many  years  ago  by  Paraday  in  the  liquid  condensed  durinc  the  compression 
of  oil-gas  (p.  166).  -^  ^  by 

Pure  benzene  is  a  thin,  limpid,  colorless,  strongly  refracting  liquid, 
having  a  peculiar  ethereal  odor.  It  has  a  density  of  0.889  at  OO,  0.885  at 
15.50  C.  (59.90  p.),  boils  at  80.5©  C.  (176.90  p.),  and  solidifies  at  OO  to  a 
mass  of  rhombic  crystals  melting  at  30  c.  (37.40P.).  It  is  nearly  insoluble 
in  wat«»r,  but  mixes  with  alcohol  and  ether.  It  dissolves  iodine,  sulphur, 
and  phoHphorus,  and  a  large  number  of  organic  substances,  fats  and  resins 
for  example,  which  are  insoluble,  or  very  sparingly  soluble,  in  water  and 
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alcohol :  hence  its  nae  m  many  chemical  preparations,  and  for  removing 
grease-spots  from  articles  of  dress. 

Benzene,  passed  in  the  state  of  vapor  through  a  porcelain  tabe  heated 
to  bright  redness,  is  partly  resolved  into,  hydrogen  gas  containing  a  small 
quantity  of  ethine,  and  the  following  liquid  products :  (1)  diphenyl, 
Ci,H,o=2CeHe  — H,;  (2)  diphenyl  benzene,  CeH^CCeH^),,  formed 
according  to  the  equation  30^11^ ^ ^is^^u "h  ^^% »  (^)  benzerythrene, 
a  solid,  resinous,  orange-colored  body  of  unknown  composition,  which  dis- 
tils over  in  yellow  vapors  at  a  dull  red  heat;  (4)  bitumene,  a  blackish 
liquid,  which  remains  in  the  retort  at  a  dull  red  heat,  and  solidifies  on 
cooling .♦  Heated  to  275O-280O  C.  (527Q-5360  F.)  with  80  to  100  parts  of 
strong  hydriodic  acid,  it  is  converted  into  hexane,  C^U^^. 

Additivb-compounds  of  Bbnzbkb. — Benzene,  though,  as  already  observed, 
it  mostly  reacts  as  a  saturated  molecule— exhibiting  indeed  in  its  chemical 
relations  a  very  close  resemblance  to  the  paraffins— K:an  nevertheless,  under 
certain  circumstances,  take  up  6  atoms,  or  3  molecules,  of  chlorine  or  bro- 
mine, forming  the  compounds  C^HqCI^  and  CgEIfBrf.  These  are  crystalline 
bodies,  obtained  by  exposing  benzene  to  sunshine  in  contact  with  chlorine 
or  bromine,  the  former  also  by  mixing  the  vapor  of  boiling  benzene  with 
chlorine.  Benzene  hexchloride  melts  at  132^  C.  (2()9.60  F.),  and  boils  at 
2SBP  C,  (550.4P  F.),  being  partly  resolved  at  the  same  time  into  hydro- 
chloric acid  and  trichlorobenzene :  C^U^Cl,  =s  3UC1  -f-  CqUjCI,.  The  same 
decomposition  is  quickly  produced  by  heating  the  compound  with  alcoholic 
solution  of  potash.     Benzene  hexbromide  exhibits  a  similar  reaction. 

Benzene  is  also  capable  of  uniting  directly  with  three  molecules  of  hypo- 
chlorous  acidy  forming  the  compound  CeHgCl,0,,  or  C«H0.3C1OU,  which  crys- 
tallizes in  thin  colorless  plates  melting  at  about  10^,  and  is  converted  by 
alkalies  into  a  white  deliquescent  compound  joalled  phenose,  CfU^O^, 
isomeric  with  glucose  or  grape-sugar : 

C^H^CljO,    +    3HK0    =    3KC1    +    C,H„0, 

The  formation  of  these  additive  compounds  may  be  explained  In  the 
same  manner  as  that  of  ethene  bromide  (pp.  504-5),  namely,  by  supposing 
that  when  the  benzene-molecule  is  subj(H;ted  to  the  influence  of  chlorine, 
bromine,  eto.,  the  attachment  of  the  alternate  pairs  of  carbon-atoms  is 
loosened,  so  that  each  pair  of  carbon-atoms  becomes  united  by  only  one 
unit  of  affinity,  and  each  carbon-atom  has  one  unit  of  affinity  left  free, 
and  ready  to  take  up  an  atom  of  chlorine  or  other  univalent  radicle.  The 
nature  of  the  alteration  is  shown  by  the  following  figures,  in  the  second 
of  which  the  unsaturated  affinities  are  indicated  by  dots : 


Saturated.  Tlnsaturated. 

Toluene,  C,H„  or  Methyl-benzene,  CeHsCCH,).— This  hy- 
drocarbon is  produced :  Synthetically  (1)  By  the  action  of  sodium  on  a 
mixture  of  bromobenzene  (phenyl  bromide),  and  methyl  iodide : 

*  Berth elot.  Bulletin  de  U  Sooi<t<  Ohimique  deParlfi  m,  vi.  pp.  372.  279; 
S  c  h  u  1 1  * ,  Ann.  Ohem.  olxxiv.  201.  i  Ji       j  i       -»       » 
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CeHjBr    +     CH3I    +     Na,    =    NaBr    +    Nal    +     CeH..CH3. 

This  reaction  is  an  example  of  a  general  synthetical  method  of  producing 
the  hydrocarbons  C^Hj^.^,  represented  by  the  equation  : 

C^K^^Bt    +    C„H2„+iI    4-    Na,    =    NaBr    +     Nal 

+     C„H,„wj.CnHj„4.,[=  C,„H^a-<  .] 

2.  By  the  mutual  action  of  benzene  and  methane  in  the  nascent  state, 
as  when  a  mixture  of  2  parts  of  sodium  acetate  and  1  part  of  sodium  ben- 
zoate  is  subjected  to  dry  distillation : 

It  is  also  produced  by  distilling  toluic  /icid,  CgllgO,,  with  lime,  which 
abstracts  carbon  dioxide : 


CgHgO,        =        CO,        +        C,H 


8 


It  occurs,  together  with  benzene  and  the  other  hydrocarbons  of  the 
series  in  light  coal-tar  oil,  and  in  the  products  of  the  distillation  of  wood, 
Tolu  balsam,  dragon's  blood,  and  otller  vegetable  substances ;  and,  to- 
gether with  many  other  hydrocarbons,  in  Rangoon  tar  or  Burmese  naphtha. 

Toluene  is  a  limpid  liquid,  smelling  like  benzene,  and  having  a  density 
of  0.882  at  (P.  It  boils  at  llio  C.  (231. SO  F.),  and  does  not  solidify  at 
— 200  C.  ( — 4P  F.).  In  respect  of  solubility  and  solvent  power,  it  is  very- 
much  like  benzene,  but  dissolves  somewhat  more  readily  In  alcohol. 
When  treated  with  oxidizing  agents,  it  yields  benzoic  acid,  CfH^O,,  or 
derivatives  thereof;  with  potassium  chromate  and  sulphuric  acid,  it  yields 
benzoic  acid ;  and  by  prolonged  boiling  with  strong  nitric  acid,  nitroben- 
zoic  acid. 

Toluene  vapor  passed  through  a  red-hot  porcelain  tube  is  partly  resolved 
into  hydrogen  gas  (with  small  quantities  of  methane  and  ethine),  and  the 
following  liquid  products  :  (1)  Benzene  and  naphthalene  in  considerable 
quantities.  (2)  A  crystallizable  hydrocarbon  volatilizing  at  280O  C.  (63(50 
F.),  and  probably  consisting  of  dibenzyl,  C^H^.  (3)  A  liquid  isomerio 
with  the  last.  (4)  A  mixture,  distilling  above  360O  C.  (680©  F.),  of  an- 
thracene with  an  oily  liquid.  (5)  Chrysene  and  the  last  decomposition - 
products  of  benzene.  The  formation  of  benzene,  naphthalene,  anthracene, 
and  dibenzyl  is  represented  by  the  equations  : 

2C,H,      =      C,,Hh      +      H,  ;      2C,H«     «      Cj,H,o     +      3H, . 
Toluene.  Dibenzyl.  Toluene.        Anthracene. 

4C,H,    =    3C,H«     +     C,oH«    +     3H, . 
Toluene.         Benzene.         Naphtha- 
lene. 

HydrocarbonB,  CgH,o.— This  formula  includes  the  two  metameric 
hoditis ' 

Cen^(Cn,CH3)  C,H/CH,), . 

Ethyl-benzene.  Dimethyl-benzene. 

1.  Ethtl-benzene  is  produced  by  the  action  of  sodium  on  a  mixture  of 
monobromobenzene  and  ethyl  bromide.  It  is  a  colorless,  mobile  liquid, 
very  much  like  toluene,  having  a  density  of  0.866,  and  boiling  at  134P  C. 
(273.20  F.).  By  oxidation  with  chromic  acid  mixture  it  yields  benzoic 
acid.  It  is  attacked  by  chlorine,  bromine,  and  nitric  acid,  forming  substi- 
tution-products. 

2.  DiMETHYL-BEXzBXB,  or  Xylbne,  admlts  of  the  three  modiScations, 
para-,  ortho-,  and  meta.    The  first  and  second  are  produced  by  the  action 
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of  sodium  on  a  mixture  of  metliyl  iodide  with  para-  and  ortlio-bromotola- 
ene  respeotlvelj,  the  bromine-atom  in  each  case  being  replaced  bj  methyl : 

^•H*<CH     +    ^^«^    +    Na,    =    NaBr    +    Nal    +     CeH,<^^»  . 

Orthoxylene  is   also  formed   by  heating    orthodimethyl-benzoio  acid, 

C9H10O,  =s  CjHj  <  Xq  ff*  ,   (inappropriately  called  paraxylic  acid),  with 

lime ;  CgHjoO,  =  CO,  +  CgHjo,  and  metaxylene  (or  isoxylene)  in  like 
manner  from  two  other  modifications  of  the  same  acid  called  xylic  and 
mesitenic  acids : 

1-2        3         4-         5        6 
Paraxylic  acid,   Cj.CHg.  CH,.     H.    COjH.     H.      H,  gives  1  :  3  Xylene. 
Xylic  acid,  C,.CH,.     H.   CH,.   CO,H.     H.      H, !.,.  3  Xylene 

Mesitenic  acid,    Ce-CH,.     H.   CH^.      H.     COgH.    n^fS^^^^-^^y^^^^- 

These  isomeric  xylenes  are  colorless,  volatile  liquids,  orthoxylene  boiling 
at  1400-1410  C.  (284Q-285.80  F.),  metaxylene  at  1370  C  (278.60  p.),  and 
paraxylene  at  136Q-1370  C.  (276.8-0278.60  F.).  Meta-  and  para-xylene 
are  contained  in  the  less  volatile  portion  of  light  coal-naphtha.  When 
the  portion  of  this  liquid  which  boils  at  about  141o  C.  (285.80  F.)  is 
shaken  with  oil  of  vitriol  containing  a  little  fuming  sulphuric  acid,  the 
xylene  is  dissolved  in  the  form  of  xylene-sulphonic  acid,  CgHjoSO, ;  and 
on  decomposing  this  compound  by  dry  distillation,  and  purifying  the  dis- 
tillate by  washing,  drying,  and  rectiiication,  a  mixture  of  metaxylene  and 
paraxylene  is  obtained,  containing  90  per  cent,  of  the  former. 

Xylene  (either  modification)  passed  through  a  red-hot  tube,  is  resolved 
into  a  mixture  of  several  hydrocarbons,  among  which  are  benzene,  tolu- 
ene, styrolene,  naphthalene,  anthracene,  and  its  higher  homolognes. 
The  formation  of  some  of  these  products  is  represented  by  the  following 
equations : 

CgHjo    —      H,    =      C.Hg  (Styrolene) 

SCgHjo    —    3H,    -=    2C7H8      -f    CjoH,  (Naphthalene) 
and         2CtU8     —    3H,    cs      Cj^Hio  (Anthracene). 

The  xylenes,  oxidized  with  a  mixture  of  potassium  dichromate  and 
sulphuric  acid,  are  converted  into    phthalic  acids,  GgH^O^,   or 

CjH^  i  COOH  '   *<^r<^i°g  ^  *^®  equation,  CgHjo  +  0^  =  2H,0  +  CgHgO^, 

each  modification  of  the  hydrocarbon  yielding  a  corresponding  modification 
of  the  acid. 

Hydrooarbons,  C^Hj,. — ^This  formula  includes  the  three  following 
metameric  bodies : 

{CH  ( ^^' 

Propyl-benzene.        Ethyl-methyl-  Trimethyl- 

benzene.  benzene. 

All  three  have  been  formed  synthetically,  the  first  by  the  action  of 
sodium  and  propyl  iodide  on  bromobenzene  ;  the  second  by  that  of  sodium 
and  ethyl  bromide  on  bromotoluene ;  the  third  by  that  of  sodium  and 
methyl  bromide  on  bromoxylene  ;  thus  : 

(1)  C,H,Bp  +  CjH,!   +  Na, «  NaBr  +  Nal  +  C8H6(C3H^) 

(2)  C,H^Br (CH3)  -f  CjHsBr  +  Na,  =  2NaBr  +  C.H/CH,)  (C,Hj) 

(3)  CeH3Br(CH3),  +  CH^Br  -f  Na,  =  2NaBr  +  C^U^iCU^), . 

69 
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1.  Propyl-benzene  is  a  liquid  which  boils  at  157°  C.  (314.00  p.), 
forms  with  excess  of  bromine  a  viscid  tetrabrominated  compound,  C^H^Br^, 
and  with  excess  of  strong  nitric  and  sulphuric  acids,  a  crystalline  trinitro- 
derivative,  C9H,(N0j)s. 

A  hydrocarbon,  called  cumene,  also  having  the  composition  C,H|2, 
and  very  much  like  propyl-benzene,  exists  ready  formed  in  Roman  cumin- 
oil,  and  is  obtained  artificially  by  distilling  cumic  acid,  CioH^O,,  with 
lime  ;  but  it  boils  at  a  lower  temperature,  viz.,  1510  C.  (303.80  F.),  forms 
with  bromine  a  finely  crystallized  pentabrominated  derivative,  CgU^Br,, 
and  is  converted  by  excess  of  a  mixture  of  nitric  and  sulphuric  acids  only 
into  dinitrocumene,  C9H,o(NOg),.  It  agrees  with  propyl-benzene,  however, 
in  being  converted  by  oxidation  with  chromic  acid  into  benzoic  acid.  Hence 
it  is  probable  that  both  these  hydrocarbons  have  the  composition 
CoH^.CsU^ ;  but  that  cumene  consists  of  isopropyl-hemene^  Cfi^,CR(S^\l^^ 
whereas  the  compound  formed  by  the  action  of  sodium  and  propyl  iodide 
on  bromobenzene  is  normal  propyl-b^mzene,  Cglig.CHjCH^CII,.  This  suppo- 
sition is  in  accordance  with  the  lower  boiling  point  of  cumene,  as  it  is  a 
general  rule  that  isopropyl-compounds  boil  at  lower  temperatures  than  the 
corresponding  normal  propyl-componnds. 

Cumene  dissolves  in  hot  fuming  nitric  acid,  and  water  added  to  the 
solution  throws  down  a  heavy  oil,  consisting  of  mononitrocumene, 
C9Hj|(N02),  which  is  reduced  by  ammonium  sulphide  to  amidocimiene  or 
cumidine,  C,H,i(NH2). 

2.  ETHTL-xETHTL-BBirzENB  or  Ethtl-tolubvb  Is  known  In  two  isomeric 
modifications.  The  para-modification  (1  :  4),  obtained  from  parabromo- 
toluene  and  ethyl  bromide  in  the  same  manner  as  ethyl-benzene  from  bro- 
mobenzene, is  a  liquid  boiling  at  1610-1620  C.  (321.80-323. fio  F.),  and 
having  a  density  of  0.865  at  210  C.  (69.80  F.).  By  oxidation  it  yields 
terephthalic  acid.  The  mefa-modifi cation  (1  :  3),  obtained  in  like  manner 
from  metabromotoluene,  boils  at  158O-1590  C.  (316.40-318.20  F.);  has  a 
density  of  0.869  at  20O  C.  (680  F.);  and  is  converted  by  oxidation  into 
isophthalic  acid. 

3.  Tbimethtl-bbnzene,  CgH3(CH,)„  is  susceptible  of  three  isomeric  modi- 
fications, only  two  of  which,  however,  are  known.  Both  of  them  exist 
in  coal-tar,  but  cannot  be  completely  separated  therefrom  by  fractional 
distillation. 

Mesitylene,  or  Symmetrical  Trimothyl-benzene,  Cg.CHj. 
H.CH,.H.CHg.H,  is  formed  by  distilling  acetone  with  sulphuric  acid : 

3C0(Cn,),    «    CeH,(CH8),    +     3H,0. 

A  mixture  of  1  vol.  acetone  and  1  vol.  sulphuric  acid,  diluted  with  ^  toL 
wat-er,  is  distilled  from  a  retort  containing  sand,  and  the  oily  layer  of  the 
distillate  is  separated  from  the  watery  layer,  washed  with  solution  of 
sodium  carbonate,  and  distilled. 

Mesitylene  is  a  colorless,  fragrant  liquid,  boiling  at  1630  C.  (325.40  p.). 
By  oxidation  with  dilute  nitric  acid,  it  is  successively  converted  into  mesi- 
tylenio  acid,  C,H8(CHj),C0,H,  mesidio  or  uvitic  acid,  C«H4(CH5)(C0,H)„ 
and  trimesic  acid,  CQH,(CO,H)g,  all  of  which  have  the  symmetrical  struc- 
ture 1:3:5.  By  oxidation  with  chromic  acid  mixture  it  is  completely 
decomposed,  with  formation  of  acetic  acid.  Heated  with  phosphonium 
iodide,  PHJ,  to  250O-300O  C.  (482Q-6720  p.),  it  is  converted  into  the 
hydrocarbon,  C,H,8,  which  boils  at  1360  C.  (276.80  p.),  and  yields,  with 
oxidizing  agents,  the  same  products  as  mesitylene  Itself.    • 
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Pseudocamene  or  Unsjminetrical  Trimethyl-benzene, 
Ce.CUj.H.CUj.CHs.U,,  occurs,  together  with  mesitjlene,  in  coal-tar  oil 
(boiling  at  1620^1680  C.)  (323. 6^^-334. 4P  F.),  and  is  formed  by  the  action 
of  methyl  iodide  and  sodium  on  bromoparaxylene,  C^.CH^.H.Br.CH,.!!,,  or 
bromometaxylene,  C,.CH,.H.CH,.Br.H^.  It  boils  at  1660  C.  (330.8O  F.), 
and  is  oxidized  by  dilute  nitric  to  paraxylio  acid,  CeH,(CH3),C0,H,  and 
xylidic  acid,  CeHs(CHj)(CO,H)j. 

Hydrooarbons,  C^qHi^. — Of  these  there  are  five  metameric  modifi- 
cations, viz. : — 

Butyl-bonzone C,H5.C4H, 

Methyl -propyl-benzene     ....  Cgll^.CUj.CjH^ 

Diethyl-benzene CjH^.CjHj.CjHj 

Ethyl-dimethyl-benzene  ....  C^U^.C2U^,{Cli^)2 

Tetramethyl-benzene        ....  €^112(0113)4 

1.  BuTYL-BEKzBNB. — Of  tlils  hydrocarbon  there  are  three  submodifica- 
tions  depending  upon  the  structure  of  the  butyl-radicle.  Normal  butyl-hm- 
««nc,  C^H5.CH,.CH,.CH,.CHs,  and  Isobutyl-henzene,  CeH5.CH,.CH(CH8)„  are 
obtained  by  the  action  of  sodium  on  a  mixture  of  bromobenzene  and  nor- 
mal or  isobutyl  bromide,  or  on  a  mixture  of  benzyl  bromide  (C^Hj.CH^Br), 
or  chloride,  with  the  iodide  of  normal  propyl  or  isopropyl.  The  first  has 
a  density  of  0.8622  at  16©  C.  (60.80  p.),  and  boils  at  180©  C.  (3560  F.)  ;  the 
second  has  a  density  of  0.89  at  15©  C.  (59©  F.),  and  boils  at  167.50  C.  (333.60 

F.).    A  third  hutyl-henzene^  CeH5.CH<[^|j»^jj  ,  having  a  density  of  0.8726 

at  160  c.  (60.80  F.),  and  boiling  at  1700-1720  C.  (338Q-341.60  F.),  is  pro- 
duced by  the  action  of  zinc-ethyl  on  phenyl-ethyl  bromide,  CfHg.CUBr. 
CHj. 

2.  MBTHTirPBOPTL-BEifZBSB  or  Cthevb,  CeH^-cC^u'r^jj  ^g   (1^4),  occurs 

in  Roman  cumin  oil  (the  volatile  oil  of  the  seeds  of  Cuminum  Cyminum), 
and  in  the  volatile  oils  of  Ptychotis  AJowan,  Cicuta  virosa.  Eucalyptus  globtdus, 
and  other  plants.  It  is  produced  synthetically  by  the  action  of  sodium  on 
a  mixture  of  parabromotoluene  and  normal  propyl  iodide ;  formed  also 
from  turpentine  oil  and  its  isomerides,  CigH,,,  by  heating  with  iodine,  by 
the  action  of  strong  sulphuric  acid,  and  by  heating  the  dibromides  of 
these  hydrocarbons  with  sodium,  alcoholic  potash,  or  aniline.  It  appears 
also  to  be  formed  in  small  quantity  by  the  spontaneous  oxidation  of  tur- 
pentine oil  in  contact  with  the  air.  Further,  it  is  produced  from  the  iso- 
meric compounds,  thymol  and  carvacrol,  CgH3(OH)(CH3)(('3H,),  by  heating 
with  phosphorus  pentasulphide,  or  by  the  action  of  phosphorus  pentachlo- 
ride  and  sodium-amalgam,  chloronymene  being  first  produced  and  then 
dechlorinated  by  the  sodium-amalgam  ;  lastly,  together  with  toluene, 
xylene,  mcsitylene,  and  other  hydrocarbons,  by  distilling  camphor, 
C,oH,fO,  over  zinc  chloride  or  phosphoric  anhydride.  It  is  most  easily 
prepared  by  gently  heating  two  parts  of  camphor  with  one  part  of  phos- 
phorus pentasulphide,  repeatedly  agitating  the  crude  distillate  with  strong 
sulphuric  acid,  and  rectifying. 

Cymene  is  a  liquid  having  a  specific  gravity  of  0.8732  at  OO,  and  boiling 
at  1750  C.  (3470  F.).  By  oxidation  with  nitric  and  with  chromic  acid,  it 
yields  paratoluic  and  terephthalio  acids.  It  dissolves  in  strong  sulphuric 
acid,  forming  a  sulphonio  acid,  the  barium  salt  of  which  crystallizes  in 
shining  laminae,  having  the  composition  (C,oH,3S03).^Ba  -{•  311  fi, 

3.  Diethyl- BBNZENE,  CgH4(C2HJ2  (1  :  4),  obtained  by  the  action  of 
•odium  on  a  mixture  of  bromuthyl-benzene  and  ethyl  bromide,  is  a  color- 
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less  liquid  which  boils  at  1780-1790  C.  (352.40-354. 2°  F.),  and  is  con- 
verted by  oxidation  into  ethjl-benzoio  acid  (1  :  4)  and  terephthalio  acid. 

4.  ETHTL-DiiTBTHTL-BEHZEirB  OF  Ethtl-ztlbhb,  C^j  {  ^^  x   ,  18  formedy 

together  with  methjl-diethjl-benzene,  by  distilling  a  mixture  of  dimethj-l 
ki^tono  (acetone)  and  methyl-ethyl  ketone  with  sulphuric  acid :  hence, 
like  mesitylene,  it  possesses  the  symmetrical  structure,  1  :  3  :  5  (p.  818). 
It  has  a  density  of  0.864  at  20OC.  (680  F.),  boils  at  180O-182O  C.  (35t>- 
359. 6^  F.),  and  is  oxidized  by  nitric  acid  to  mesitylene  and  uvitic  acid. 

5.  TBTRAKBTHTL-BBirzEKB  or  DusBiTB,  CqH2(CH,)4  (consocutive  or  sym- 
metrical ?),  is  formed  by  the  action  of  sodium  on  a  mixture  of  metliyU 
iodide  and  bromopseudocumene  on  dibromoxylene.  It  is  crystalline  at 
ordinary  temperatures,  melts  at  79O-80O  C.  (174.20-17GO  F.),  boils  at 
190O  c.  (3740  F.),  and  is  oxidized  by  dilute  nitric  acid  to  durylic  acid, 
C,H,(CH3),C0aH,  and  oumidic  acid,  CU(CHj),(CO,H),. 

The  unsymmetrical  modification  (1:3:4:5),  obtained  from  bromoxne- 
sitylene,  boils  at  192Q-194P  C.  (377.6Q-381.20  F.),  and  remains  liquid  at 
low  temperatures. 

HydrooarbonB,  CjiH,^. — ^Of  the  seven  metamerio  oompounds  re- 
presented by  this  formula,  three  only  have  been  obtained,  viz. : 

Amyl-benzene     .        .        .  C^Hj.CjHn       boiling  at  193©  C.  (379.4PF.>. 

Diethyl-methyl-benzene,  or  ^  „   i  CH,            .,         ^^^  ^   (352.4P  F.). 

Diethyl-toluene       .        .  •   » ( (OjHg), 

Propyl  -  dimethyl  -  benzene,  ^  u  i  (^^3),        .,         jgg^  ^  (370.40  F.). 

Propyl-xylene  or  Laurene  •    '  ( O^Kf                                   ^                ^ 

The  first  is  obtained  by  the  action  of  sodium  on  a  mixture  of  monobromo- 
benzene  and  amyl  bromide  ;  the  second  by  that  of  zinc-ethyl  on  benzylene 
chloride : 

CeHj-CHCT,    +     Zn(CjH5),    =    ZnClg    +    CeH,.CH,(C,H5), ; 

the  third,  together  with  several  of  its  lower  homologues,  by  distilling 
camphor  with  zinc  chloride.  The  constitution  of  this  last  modification  is 
inferred  from  its  reaction  with  dilute  nitric  acid,  which  oxidizes  it  to 
lauroxylio  acid,  CyHigOg: 

C.H,{g5^«    +    O,    =    2C0.    +    3H,0    +    C.H.{<CH4)«. 

Hydrocarbons,  C„Hu  and  CisHgQ. — These  bodies  admit  of  numer- 
ous modifications,  but  the  first  is  known  in  only  two,  the  second  in  one 
modification,  viz. : 

Boillnsr  Sne.  cmv.  at 

point.  »o  (J.  (48.20  pj, 

Triethyl-benzene      .         .     CeH8(C,H5),       2180  C.  (424.40  F.)  

''7m;r.:^u^Lf"*r*  "    <^*Mc\h'       2130C.(416.4PF.)    0.8643 
''Ti^'^S^i-'''"!"''':    ^Ml^h,    2330C.(451.40F.)    0.8951 

Triethyl-benzene  (1:3:5)  is  formed  by  distilling  ethyl-methyl 
ketone,  CHs— €0— C3H5,  with  sulphuric  acid ;  it  is  oxidized  by  chromic 
acid  to  trimesio  acid. 

Amyl-methyl-benzene  and  amyl-dimethyl-benzene  are 
formed  by  the  action  of  sodium  and  amyl  bromide  on  bromotoluene  and 
bromoxylene  respectively. 
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CoHto-8  and  C^H^_,o. 

Ethenyl-bensene  or  Vinyl-bensene,  CgRgssQll^ — 
CIIZICH2 ;  also  called  l^enyl-ethene^  Cinnamene,  and  Styrolene,  This  hydro- 
carbon occurs  in  liquid  storax  (from  Liquidambar  orientale)^  and  may  be 
prepared  therefrom  by  distilling  the  balsam  with  water  containing  a  little 
sodium  carbonate,  to  retain  cinnamic  acid. 

It  is  produced :  1.  Synthetically  :  «.  By  passing  a  mixture  of  benzene- 
vapor  and  acetylene  or  ethene  through  a  red-hot  tube : 

CgHe    +    C,H,    =    CaH, ;  and  CeH^    +    C^    =    CjU,    +    H, . 
6.  In  like  manner,  together  with  benzene,  from  diphenyl  and  ethene : 

2.  In  the  decomposition  of  xylene  which  takes  place  when  the  vapor  of 
that  compound  is  passed  through  a  red-hot  tube :  CgHi^  ^  C,Hg  4*  ^t  (P- 
817). 

3.  By  distilling  cinnamic  acid  with  baryta,  which  removes  carbon  di- 
oxide: CjHjOjsCOj+CaH,. 

Cinnamene  is  a  very  mobile,  colorless  oil  of  specific  gravity  0.924.  It 
boils  at  1460  C.  (294.80  F.),  and  has  a  density  of  0.924.  When  heated  to 
200<^  C.  (392P  F.)  in  a  sealed  tube,  it  is  converted  into  a  white,  trans- 
parent, highly  refractive,  solid  substance,  called  metacinnamene  or 
metastyrolene.  This  substance,  when  heated  in  a  small  retort,  yields 
a  distillate  of  pure  liquid  cinnamene.* 

A  mixture  of  cinnamene  vapor  and  ethene  passed  through  a  red-hot  tube 
yields  large  quantities  of  benzene  and  naphthalene.  The  first  is  produced 
from  the  cinnamene  by  abstraction  of  C,U, ;  the  second  according  to  the 
equation : 

CgHg    +     CjH^    :=    C]oH,    4-    2H, . 

A  mixture  of  cinnamene  and  benzene  vapors,  passed  through  a  red-hot 
porcelain  tube,  yields  anthracene,  Ci^Hj^,  together  with  small  quantities 
of  other  products : 

CgH,    +    C.H^    «    Ci,Hio    +    2H, 

Cinnamene  acts  with  chlorine  and  bromine  like  a  bivalent  radicle,  form- 
ing the  compounds  CgHgCl,  and  CgHgBr,,  which,  when  treated  with  alco- 
holic potash,  give  up  HCl  and  HBr  (like  the  corresponding  ethene-com- 
pounds),  leaving  chloro-cinnamene,  0^11^01,  and  bromocinnamene,  CgH,6r. 
According  to  Laurent,  cinnamene  yields  with  chlorine  a  hexchloride  of 
dichloro-cinnamene,  CgHgCly.Cl,. — Metacinnamene  is  also  acted  upon  by 
bromine,  but  with  considerable  difficulty. — Both  cinnamene  and  meta- 
cinnamene treated  with  fuming  nitric  acid  3rield  mononitrated  derivatives, 
CgHf  (NO,)  :  that  obtained  from  cinnamene  is  crystalline ;  that  from  meta- 
cinnamene amorphous. 

Allyl-bensena,  CgH,^  =  CgHj— CH^ — CHnCH,,  or  Fhenylallyl, 
formed  by  heating  bromobenzene  (phenyl  bromide),  CgHjBr,  and  allyl  bro- 

*  It  WHS  formerly  supposed  that  olnnamene  prepared  from  elnoAmlo  aold  was 
not  converted  by  hent  into  a  solid  modificAtlon,  like  styrolene  from  stomx :  henoe 
the  two  were  rejfarded  ns  Isomeric,  not  identical ;  but  later  researches  have  shown 
that  pure  cinnamene  from  cinnamic  add  la  likewise  convertible  into  aolid  meta- 
olnnamene. 
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mide,  CjH^Br,  with  zinc,  boils  at  1550  C.  (3110  F.}y  and  forms  a  dibromide 
melting  at  (500  C.  (140O  F.).       _ 

Phenyl-propylene,  C^Hj — CH — CH — CH,,  isomeric  with  it,  is  obtained 
from  cinnamic  alcohol ;  it  boils  at  170^  C.  (3380  F.),  and  forms  a  dibromide 
molting  at  66<^  C.  (150.80  F.). 

Aoetenyl-benzene  or  Phenylacotylene,  C,H«  sb 
CjHj— C=CH,  is  formed  by  heating  bromocinnamene,  CjHj.CHllCHBr^  or 
acetophenone  chloride,  CgH^.CClj.CH,,  with  alcoholic  potash ;  also  by  heat- 
ing phenylpropiolic  acid  to  120O  C.  (2480  F.),  with  water  or  with  baryta : 

CeH^— C^C— CO,H    ^    CO,    +    C.Hj— CE5CH ; 

farther,  together  with  cinnamene,  by  the  action  of  heat  on  several  hydro- 
carbons.  It  is  an  aromatic  liquid,  boiling  at  140O  C.  (284P  F.),  and  pre- 
cipitating ammoniacal  silver  and  copper  solutions,  like  acetylene.  The 
copper-compoutidy  (CgH5),Cu^,  is  yellow :  the  silver-compound,  (C|Hj)2Ag,. 
Ag,0,  is  white.  Sodium  dissolves  in  it,  forming  the  compound,  CgH^Na, 
which  takes  fire  on  coming  in  contact  with  the  air,  and  is  converted  by- 
carbonic  acid  passed  into  its  ethereal  solution,  into  the  sodium  salt  of  phe. 
nylpropiolic  acid. 

On  shaking  up  the  oopper-compound  with  alcoholic  ammonia,  diacetenyl- 
phenyl,  (CjH^.CjH),  or  CH^C— CeH^— CgH^— C=^H,  separates  out.  This 
compound,  isomeric  with  pyrene,  melts  at  970  C.  (206.60  F.),  and  forma  a 
crystalline  compound  with  picric  acid. 

Ethyl-acetetiyl'benzene,  CtpUjo  =  C^Hg— C^C— C^H.,  obtained  by  the  action 
of  ethyl  iodide  on  the  sodium-oompouud  of  acetenyl-benzene,  is  a  colorless 
liquid  having  a  density  of  0.923  at  210  C.  (69.80  p.),  and  boiling  at  201o. 
203O  C.  (393.80-397.40  F.). 


HALOGEN   DERIVATIVES  OF  BENZENE  AND  ITS 

HOMOLOaUEa 

These  compounds  are  formed  :  (1)  By  direct  substitution  of  the  halogen 
elements.  Chlorine  and  bromine  act  on  the  aromatic  hydrocarbons  more 
readily  than  on  the  paraffins,  especially  in  presence  of  iodine,  which  acts 
as  a  carrier  of  the  chlorine  or  bromine.  The  action  of  chlorine  is  further 
promoted  by  the  presence  of  a  small  quantity  of  antimony  pentachloride, 
or  molybdenum  pentachloride,  these  bodies  first  giving  up  a  portion  of 
their  chlorine  to  the  hydrocarbon,  whereby  they  are  reduced  to  lower 
chlorides,  which  then  take  up  an  additional  quantity  of  chlorine,  and 
transfer  it  in  like  manner. 

Iodine-derivatives  cannot  be  obtained  by  the  action  of  iodine  alone,  be- 
cause, as  in  the  case  of  the  iodo-paraffins  (p.  514),  the  substitution-pro- 
duct, if  formed,  would  be  immediately  decomposed  by  the  hydriodic  acid 
formed  at  the  same  time.  The  reverse  action  may,  however,  be  prevented 
by  addition  of  iodic  acid,  the  action  taking  place  as  represented  by  tht» 
equation : 

SCgH^    +     21,    +     IO,H    =    5C,HJ    +    3H,0. 

(2)  By  the  action  of  pentachloride,  pentabromide,  or  pentiodide  of  phos- 
phorus on  the  hydroxyl-derivativea  of  the  hydrocarbons  (phenols  and  alco- 
hols); e,  g.. 
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C^I,(OH)     +     PCla    =    CyH^Cl    +     POCI3    +     HCl . 
CresoL  Cnloro- 

toluene. 

(3)  By  the  decomposition  of  sabstitnted  aromatic  acids  bj  heat ;  «.  ^., 

CelLCl.COjH    =    CO,    +     CJl.^Cl 
Ohlorobenzoio  add.  Ohiorobcnzene. 

(4)  The  halogen-derivatives  of  benzene  may  be  formed  from  amidobenzene, 
Cgllj-NHj,  (aniline),  and  the  chloranilinos,  etc.,  C^H^Cl.NHj,  for  example, 
by  exchange  of  the  group  NH,  for  CI,  Br,  etc.,  through  the  medium  of  the 
corresponding  diazo-componnds  {q,  v.).  This  is  a  very  important  reaction, 
serving  in  many  cas(^  to  determine  the  orientation  of  the  halogen-atoms 
in  the  di-,  tri-,  and  tetra-derivatives. 


Benzene-derivatives. 

ChlorobeDzenes. — Of  these  compounds  all  the  possible  modifica- 
tions have  been  obtained. 

Monochlorobenzene,  C^H^Cl,  or  Phenyl  chloride,  prepared  by  ohlo- 
rination  of  benzene,  or  by  the  action  of  PClj  on  phenol,  is  a  liquid  of  spe- 
cific gravity  1.128  at  (P,  boiling  at  132P  C.  (269.60  p.),  soUdifying  at 
..»40O  c.  (—400  F.). 

Diohlorobenzenes,  CqH^CI,. — ^In  the  formation  of  these  bodies  by 
direct  chlorination  of  benzene,  the  ortho-  and  para-modifications  are  always 
formed  in  preference  to  the  meta ;  in  fact  the  latter  can,  for  the  most  part, 
be  obtained  only  by  indirect  methods,  as  by  exchange  of  the  NH,  in  ohlor- 
aniline  for  CI  in  the  manner  above  mentioned.  The  same  observation  ap- 
plies to  the  dibromobenzenes. 

Ortko-  (1 : 2). — ^From  benzene  and  chlorine  (together  with  1:4),  and 
from  orthochlorophenol.  Colorless  liquid,  not  solidifying  at  — 19^  C. 
(_-2.2P  F.).  Boiling  point  1790  C.  (354.20  p.);  specific  gravity  =1.3728 
at  00. 

Meta-  (1 :  3). — ^Fromi  metachloraniline,  Cj.NHj.H.Cl.Hj,  by  exchange  of 
NH,  for  CI,  and  from  dichloraniline  (1:2:  4),  C,.NH,.C1.H.C1.H„  by  ex- 
change of  NH,  for  H.  Liquid,  solidifying  at  — I8O  C.  (0.4P  F.),  boiling  at 
1720  C.  (341.00  p.).     Specific  gravity  1.307  at  OO. 

Para-  (1:4),  the  chief  product  of  the  action  of  chlorine  on  benzene,  in 
presence  of  iodine,  forms  colorless,  monoclinio  crystals,  melts  at  54Q  C. 
(129.20  p.),  boils  at  1730  C.  (343.40  p.).  Produced  also  by  the  action  of 
PCI5  on  paraohlorophenol. 

Trichlorobenzenes,  CfHjCls.^The  unsipnmetrical  modification 
1:2:4,  obtained  by  chlorination  of  benzene,  by  the  action  of  PCI5  on  di- 
chlorophenol,  and  from  benzene  hexchloride,  C^H^Cl^,  by  alcoholic  potash, 
which  removes  3HC1,  forms  colorless  crystals,  melts  at  I70  C.  (G2.GO  p.), 
boils  at  2130  C.  (415.40  F.). 

The  summetriccU  modification  1:3:5  (or  2:4:6),  obtained  from  trichlor- 
12         4  0 

aniline,  C0.NH,.C1.H.C1.H.C1,  by  exchange  of  NH,  for  H,  or  from  dichlor- 

1  8       6 

aniline,  Ce.NH,.H.a.H.Cl.H,  by  exchange  of  NH,  for  a,  melts  at  63.40  C. 
(146.10  p.),  boils  at  208O  C.  (406.4O  P.),  sublimes  at  ordinary  tempera- 
tures. 

The  consecutive  modification  1:2:3,  from  triohloraniline  Cf.NH,.Cl.Cl. 
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Cl.H,,  crystallizes  from  alcohol  in  large  plates,  melts  at  53^>-540  C. 
(127.4P-129.20  P.),  and  boUs  at  2180-2190  C.  (42^3l426.20  p.). 

Tetraohlorobenzenes,  CgH^Cl^. — Unsymmetrical  (1:3:4:5  or 
1:2:4:6),  from  trichloraniline,  C,.NU,.C1.H.CLH.CI,  forma  colorless 
needles,  melts  at  50Q-51O  C.  (122Q-123.80  p.),  boils  at  2400  C.  (474.80  F.)- 
'•^Symmetrical  (1:2:4:5),  from  benzene  with  chlorine,  and  from  trichlor- 
aniline,  Ce-NH-.Cl.H.Cl.Cl.H,  forms  slender  needles,  melts  at  1370-1380  C, 
(278.60-280.20  P.),  boils  at  2430-2460  C.  (469.4CM74.80  p.).  Conteauive 
(1:2:3:4),  from  trichloraniline,  Ce.NH,.Cl.Cl.Cl.H.,  crystallizes  in 
needles,  melts  at  4oCM60  C.  (113O-114.80  p.),  boils  at  2540  C.  (489.20  P.). 

Pentachlorobenzene,  CqHCI^,  from  benzene  with  chlorine,  melts  at 
850  C.  (1850  p.),  boils  at  270O  C.  (5180  p.). 

Hezchlorobenzene,  CgCl^  (Jnlin's  chloride  of  carbon),  is  formed  by 
ohlorination  of  benzene  in  presence  of  iodine,  SbCl^,  or  M0CI5 ;  also  by 
passing  the  yapor  of  chloroform  or  carbon  dichloride,  C2CI4,  throngh  a  red- 
hot  tube.  Long,  thin,  colorless  prisms ;  m.  p«  222P-2260  G.  (431. 60. 
438.80  p.)  ;  b.  p.  3320  c.  (629.6©  p.). 

BromobensaneB . — Monahromobemenes^  CfH^Br,  from  benzene  witli 
bromine,  and  from  phenol  with  PBr^,  is  a  liquid  boiling  at  1540  C. 
(309.20  p.),  and  having  a  density  of  1.519  at  OO. 

Dibromobenzenes,  CgH^Br,. — ^Direct  bromination  of  benzene  (with 
aid  of  heat)  yields  chiefly  the  para-,  with  only  a  small  quantity  of  the 
ortho-modiflcation. 

PoLra-  (1 : 4).— Obtained  from  benzene,  parabromophenol,  and  parabrom- 
aniline,  melts  at  890  C.  (192.20  p.),  boils  at  2180  C.  (424.40  p.),  and  yields 
a  mononitro-derivative  melting  at  850  C.  (1850  p.). 

Meta-  (1 :  3). — ^Prom  metabromaniline,  Cg.NH^.H.Br.Hg,  by  exchange  of 
NHg  for  Br,  and  from  dibromaniline,  CQ.NU..Br.H.Br.H„  by  exchange  of 
KH,  for  U,  is  a  liquid,  boiling  at  2190  C.  (426.20  p.),  of  specific  gravity 
1.955  at  I8.6O  C.  (65.50  p.),  not  solidifying  at  — 20O  C.  (— 4P  P.)  ;  yields 
two  mononitro-deriTatives,  CgH4(N0,)Br,  one  melting  at  610  C.  (141. 8*0  p.)^ 
the  other  at  82.50  C.  (180.5©  p.). 

Ortho-  (1:2),  from  orthobromaniline,  and  in  small  quantity  from  ben- 
zene and  bromine.  Liquid,  solidifying  below  zero ;  m.  p.  — lO  C.  (30.20  p.) ; 
b.  p.  223.80  C.  (434.80  p.);  sp.  gr.  2.003  at  OO. 

Tribromobenzenes,  C^H^Br,.  —  The  wuymmetrioal  modifications, 
1:2:4  or  1:3:4,  is  formed  by  the  action  of  bromine  on  benzene,  and 
from  either  of  the  three  dibromobenzenes :  hence  its  constitution  is  de- 
termined (p.  812);  also  from  benzene  hexbromide,  C^H^Brf,  by  the  action 
of  alcoholic  potash,  which  alistracts  3HBr,  and  from  dibromophenol, 
C,.OH.Br.II.Br.H,  (exchange  of  OH  for  Br  by  the  action  of  PBrj).  It 
melts  at  44P  C.  (111.2©  P.)  and  boils  at  275©  C.  (527©  P.).  The  »^iiiiii«- 
trtco/ modification,  1:3:5,  from  tribromaniline  Cg.NH,.Br.H.BrH.Br,  melts 
at  119.5©  C.  (247.1©  P.),  and  boils  at  about  2780  C.  (532.4©  P.).  The  con- 
seaaive  modification,  1:2:3,  from  tribromaniline  Cf.NH,.H.Br.Br.Br.H, 
melts  at  87©  C.  (188.6©  P.). 

Tetrabromobenzenes,  CgHjBr^.— C7fwymm«*nca/,  1:3:4:6,  tram. 
tribromophenol,  C,.OH.H.Br.Br.Br.H,  also  from  the  corresponding  tribrom- 
aniline, and  from  tetrabromaniline,  forms  colorless  crystals,  melting  at 
98©  C.  (208.4©  P.).  The  st/mmetrical  modification  1:2:4:5,  from  benzene 
with  bromine,  forms  colorless  needles  melting  at  137©-140O  C.  (278. 6^^ 
284©  P.). 
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Pentabromobenzone,  CjHBfj,  obtained  by  the  bromination  of  ben- 
zene, forms  colorless  needles,  subliming  without  decomposition,  melting  at 
about  240O  C.  (464P  F.). 

Hexbromobenzene,  C^Br,,  is  formed  hy  the  action  of  bromine  on 
benzene  in  sunshine,  or  by  heating  benzene  with  bromine  containing 
Iodine  ;  also  from  tetrabromethane,  CBr4,  in  small  quantity  by  distilla- 
tion, in  larger  quantity  by  heating  to  300O-400O  C.  (5720-7520  F.)  in  a 
sealed  tube.  Resembles  hezchlorobenzene  ;  melts  at  a  temperature  above 
300O  c.  (572P  F.). 

It  will  be  seen  from  the  above  that  all  the  bromobenzenes  are  known  ex- 
cept consecutive  tetrabromobenzene. 

lodobenzenes  are  obtained  by  heating  benzene  with  iodine  and 
iodic  acid  to  200O-240O  C.  (3920l464P  F.)  ;  by  the  action  of  iodine  and 
phosphorus  on  phenol :  by  treating  silver  benzoate  with  iodine  chloride  ; 
and  from  aniline  and  the  iodanilines,  similarly  to  the  chlorine  compounds. 

CfHjI  is  a  colorless  liquid,  boiling  at  1850  C.  (3650  F.):  specific  gravity 
1.69. 

C^HJ,.— iThm.  Laminae;  m.p.  127©  C.  (260.60  F.),  b.p.  277^  C. 
(530.UO  F.). — Meta.  Largo  shining  laminsB  resembling  naphthalene  ;  m.  p. 
40.4P  C.  (104.70  F.);  b.p.  284. 7°  C.  (544.50  F.). 

CeH,I,.  Needles  melting  at  760  C.  (168.80  F.),  and  volatilizing  without 
decomposition. 

FluobeziBener  C^TI^F,  obtained  by  heating  calcium  fluobenzoate 
with  slak(Hl  lime,  is  a  scaly  crystalline  mass,  melting  at  40O  C.  (104O  F.); 
boils  at  180Q-183O  C.  (350-O-3G1.4O  F.). 

Toluene  derivatives. 

These  compounds,  as  already  observed,  exhibit  metameric  modifications, 
according  as  the  replacement  of  hydrogen  atoms  takes  place  in  the  princi- 
pal or  the  lateral  chain  ;  and  isomeric  modifications  determined  by  the 
orientation  of  the  substituted  radicles  in  the  benzene-ring  or  principal 
chain  (p.  813). 

Chloro toluenes. — Of  monochlorinated  toluenes  there  are  two 
metameric  modifications,  viz.:— 

C-H^Cl.CHj  CeH-.CH,a , 

Ohforotoluene.  Benzyl  ohloride. 

the  first  produced  by  the  action  of  chlorine  on  toluene  at  ordinary  tempera- 
tures or  in  presence  of  iodine ;  the  second  by  the  action  of  chlorine  on 
boiling  toluene. 

Chlorotoluene  or   Tolyl   Chloride^  C^H^-^C^j  ' ,  admits  of  three 

isomeric  modifications,  according  to  the  relative  positions  of  the  chlorine 
and  the  methyl-group. — Ihrachlorotoiuene,  Cg.CHj.H.H.Cl.H,,  the  chief  pro> 
duct  formed  by  the  action  of  chlorine  on  toluene  at  ordinary  temperatures, 
is  a  liquid  solidifying  at  OO,  melting  at  6.50  C.  (43.70  F.),  and  boiling  at 
160O  C.  (320O  F.).  By  oxidation  with  nitric  acid,  or  with  chromic  acid 
mixture,  it  is  converted  into  parachlorobenzoio  acid  : 

CgH^a.CH,    4-    Oj    =    CjH^Cl.COjH    +     H,0. 

Orthochlorotoluene,  Ci^.CHj.Cl.H^,  produced  in  small  quantity,  together 
with  the  para-oompound,  is  a  liquid,  boiling  at  1560  C.  (312. 80  F.),  and 
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completely  decomposed  by  chromic  acid,  without  formation  of  a  chloro- 
benzoic  acid. — Metacfdorotclueney  Co.CHg.H.Cl.H,,  is  prepared  from  chloro- 
paratoluidine,  C^.CHg.H.Cl.NHj.H^,  hj  exchange  of  NU,  for  H,  and  oon- 
yerted  by  oxidation  into  metachlorobenzoic  acid. 

Benzyl  chloride,  C^Hg.CHfCl,  obtained  by  the  action  of  chlorine  on 
boiling  toluene,  and  of  rCl^  on  benzyl  alcohol,  CfH5.CII,0H,  is  a  liquid 
which  gives  off  tear-exciting  vapors,  and  boils  at  1760  C.  (348.80  F.).  It 
easily  exchanges  its  chlorine-atom  by  double  decomposition,  being  con- 
verted into  acetate,  cyanide,  etc.,  by  treatment  with  the  corresponding 
potassium  salts.  It  yields  benzoic  acid  by  oxidation,  and  is  converted  by 
heating  with  water  and  lead  nitrate  into  benzaldehyde  (bitter  almond  oil). 

Of  dichlorotoluenef  CfH^Cl,,  there  are  three  metamerides,  viz. : 

CalijCLi.CHg  CgH^Cl.GHJGl  CfHK.CHCl^ . 

Dionloro  toluene.  Ohlorobenzyl  ohioride.  Benzal  chloride. 

The  first  admits  of  six  isomeric  modifications,  but  only  one  is  known,  vis., 

1  3    4 

Cg.CHj.H.Cl.Cl.H,,  which  is  a  liquid,  boiUng  at  196©  C.  (384.80  F.),  formed 
by  chlorination  of  toluene. — Cklorchemyl  chloride  admits  of  three  iso- 
merides,  one  of  which  is  a  Uquid  boiling  at  213Q-214P  C.  (415.40-417.20 
F.). — Benzol  chloride  (also  called  chlorobenzot)  is  formed  by  the  action  of 
chlorine  on  boiling  toluene,  and  from  benzaldehyde  (bitter  almond  oil)  by 
PClg.  Liquid  having  a  pungent  odor ;  sp.  gr.  1.295  at  16©  C.  (60.80  p.)  ; 
boils  at  206O  C.  (402.80  p.)  ;  converted  into  benzaldehyde  by  heating  with 
water  to  20O  C.  (680  F.). 


^    TrichlorotolueneSf  C^HjCl,: 

CpHjClsCH,            CeH,Cl,.CH^a 
6  iBomerideB.              6  Isomeridea. 

CeH^ci.cna, 

8  IsomerideB. 

CjHj.Cl) 
one. 

Triohlorotolnene,  CjHjCl,.CHj,  obtained  by  chlorination  of  toluene,  forms 
colorless  crystals,  melts  at  760  C.  (168.80  F.),  boils  at  235©  C.  (4550  F.). 

1  3     4 

—Dichlorobenzyl  chloride,  Ce.(CHaCl).H.Cl.Cl.H„  Is  a  liquid  boiling  at  2410 

1  4 

C.  (465.80  F.).— CWoro6«n«x/  chloride  (para),  C,.(CHCI)2.H.H.C1.H„  boila 
at  2340  C.  (463.20  F.y.-^Benzotrichloride,  C^Hj.Cls,  formed  by  heating  ben- 
zoyl  chloride,  C^Hj.COCl,  with  PCL,  boils  at  213^^^2140  C.  (415.4- 
417.20  F.). 

Of  the  higher  chlorotoluenes,  some  are  liquid,  some  solid,  at  ordinary 
temperatures.  The  melting  and  boiling  points  of  the  known  modifications 
are  given  in  the  following  table : 

Tetrachlorotoluene,  C^H^Cl^: 

CeHCl,.CH.  C.H^Clj.CH^Cl      QH.Cl-.CHCL    aH.Cl.CCl, 

b.  p.  271°  0.(619.8°  F.).  O.  (618.8o  F.)  C.  (4»4.60  F.).         O.  (47$>  F.). 

Pentachlorotoluenea,  C^HjClj: 

C;C1..CH,  CeHCl,.CH5Cl 

m.  p.  218^  0.  (4240  P.) ,        (llq.  b.  p.  3Mfi  O. 
b.p.301oO.  (578.80  F.). 

Eexchlorotoluenes,  C^HjCl^: 

CeCls.CHXl 

m.p.  103©  O.  (287.4^  F.)  ;  b.p. 

8260-3270  O.  (617-618.80  F.). 


m 


C^HjClj).  CHCl* 
liq.b.  p.  2800-2810 
O.  (6360^637.80  F  ). 


CeH8Cl,.Ca, 
llq.  b.p  278^ O. 
1.40  F.). 


C,HCl,.CHa, 
llq.  b.p.  805O-306OO. 
(681-682.80  F.). 


Cf  HgCl  ^^ .  CCI3 

m.p.  82°  O.  (17».60  F.) ;  b.  p. 

3070-3080  O.  (68l.8-68e.40  F.y. 
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Hep tachlor 0 toluene 8 i  CtHCI^  : 

C-Clj.CHCL  CeHCl^.CCl. 

m.  p.  lOQ"*  C.  (228.2°  P.)  ;  b.  p.  m.  p.  104°  C.  (210.2O  P.)  ;  b.  p. 

8840  0.  (638^0  P.).  816°  O.  (600.80  P.). 

When  an  attempt  is  made  to  replace  the  last  hydrogen-atom  in  toluene  bj 
chlorine,  the  molecule  splits  up,  and  perchlorobenzene  is  produced. 

BromotolueneB.  —  Mono-^  C^H^Br  sb  CgH^Br.CH,.— The  ortho- 
and  para-modifioatious  are  formed  by  the  action  of  bromine  on  toluidine  ; 
and  all  the  three  modifications  from  the  corresponding  amidotoluenes  (tol- 
iiidines)  by  heating  the  diazoper bromides  with  alcohol  (see  Diazo-com- 
poukdb). 

Ortho-    Ck)lorless  liquid :  sp.  gr.  1.401  at  18©  C.  (64.40  F.)  ;  b.  p. 

1820L.183O  C.  (359.eQ-361.40  F.). 
Metor    Colorless  liquid  ;  sp.  gr.  1.4009  at  21©  C.  (69.8©  F.)  ;  b.  p. 

184P  C.  (363.20  p.). 
Pdra-    (Colorless  crystals ;  m.  p.  28.50  C.  (83.30  F.)  ;  b.  p.  1850  C. 

(3650  F.). 

Benzyl  bromide,  C^^.CB^Br,  obtained  by  bromination  of  toluene  at  the 
boiling  heat,  and  by  the  action  of  hydrobromic  acid  on  benzyl  alcohol,  is 
a  liquid  which  gives  off  a  tear-exciting  YopoT,  has  a  sp.  gr.  of  1.438  at 
220  c.  (71.60  P.),  and  boils  at  201O  C.  (393.80  F.). 

Dihromotoluenef  C«H3Br,.CH3,  admits  of  six  isomeric  modifications, 
all  of  which  are  known.  Cf.CH^.Br.H.Br.H,  (1:2:  4),  obtained  by  direct 
bromination  of  toluene,  crystallizes  in  ne^les ;  melts  at  107O-108O  C. 
(224.60-226.40  F.)  ;  bolls  at  245©  C.  (4730  F.).  Ce.CHj.H.Br.Br.H,  (1  : 
3:4),  formed  by  the  action  of  bromine  in  presence  of  iodine,  and  in  sun- 
shine, is  a  liquid  boiling  at  240O  C.  (4640  F.).  The  other  four  modifica- 
tions, whose  boiling  points  lie  between  2370  and  2460  C.  (458.60-474.80  F.), 
two  liquid  and  two  solid  (m.  p.  42.60  and  60O  C.  (108.60-1400  F.),  are 
obtained  from  bromotoluidiues,  through  the  medium  of  the  diazo-oom- 
pounds. 

Benzol  bromide,  CgHg.CHBrx,  formed  by  treating  bitter  almond  oil  with 
FBr^,  is  a  liquid  which  decomposes  when  distilled. 

Monolodotolnenes,  C^HJ.CH,. — ^The  orthf>'  and  m«/a-modifi- 
cations  are  colorless  liquids,  the  former  boiling  at  205O  C.  (401O  F.),  the 
latter  at  207O  C.  (404.60  F.).  Rtra-iodoiolvene  crystallizes  in  shining 
laminae  ;  melts  at  350C.  (950  F.)  ;  boils  at  2110  C.  (411.80  F.).  All  three 
give  by  oxidation  the  corresponding  iodobenzoic  acids. 

Benzyl  iodide,  CeHg.CHJ,  formed  from  the  chloride  by  the  action  of  hy- 
driodic  acid,  melts  at  24P  C.  (75.20  F.),  and  decomposes  when  sublimed. 


Derivatives  of  the  Hydrocarbons,  Cfi 


10* 


Ethylbromobensene,  CgH^Br.CiH,,  formed  by  the  action  of  bromine 
on  ethyl-benzene  at  ordinary  temperatures,  is  a  colorless  liquid,  boiling 
at  190O  C.  (3740  V.),—Bromethyl'benzene,  CjHj.CHBr.CH,  (or  CjHg.CH,. 
CHBr),  and  the  corresponding  chloride,  formed  by  the  action  of  bromine 
or  chlorine  with  aid  of  heat,  are  liquids  which  decompose  when  distilled. 
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The  chloride,  boiled  with  potassium  ojanide  and  aloohol,  is  oonvertod  into 
the  corresponding  cyanide,  C0U5.CH,.CH,(CN),  a  colorless  liquid,  boiling 
at  2610  C.  (501.80  p.),  having  a  sp.  gr.  of  1.0014  at  18©  C.  (64.4P  F.),  and 
forming  the  chief  constituent  of  oil  of  water-cress. 

Metazylyl  Chloride,  ^6^4*^^h'ci  >  ^^^^^^  ^y  ^^®  action  of  chlo- 
rine on  boiling  metaxjlene,  is  a  colorless  liquid,  boiling  at  1950  C.  (3830 
F.). 

Monobromometazylene,  Cf.6r.CH9.H.CH3.H,,  from  metazjlene  and 
bromine,  boils  at  2040.2050  C.  (399.20-4010  F.).— An  isomeric  compound 
(1:3:5),  formed  hj  the  action  of  nitrous  acid  and  alcohol  on  bromome- 
taxylidine,  is  a  liquid  boUing  at  2040  C.  (399.20  p.),  not  solidifying  at  2(P 
C.  (680  F.),  and  having  a  sp.  gr.  of  1.362  at  20O. 

Dlbromometazylene,  C,H2Br2(CH|)2,  from  metaxylene  and  bromine, 
forms  colorless  shining  crystalline  scales,  m.  p.  720  C.  (161. 60  F.),  b.  p. 
2560  C.  (492.80  F.) .  Tetrabromometaxylme,  CeBr^(CH,)„  forms  long  slender 
needles,  slightly  soluble  in  alcohol,  melting  at  2410  Q.  (465.80  F.}. 

Bromoparaxylene,  CfH,Br(CH,),,  forms  colorless  shining  tables; 
melU  at  lOO  C.  (50©  F.);  boils  at  200O  C.  (3920  F.).  DihnmoparaxyUne 
melts  at  720  c.  (161. 60  F.),  and  resembles  the  meta-compounds  in  all 
other  respects. 

Tollylene  ohlorlde,  C0H4(CH,Cl)„  and  Tollylene  bromide, 

CeH4(CU,Br)2,  formed  by  the  action  of  chlorine  or  bromine  on  boiling 
psraxylene,  crystallizes  in  colorless  laminie.  The  chloride  melts  at  lOOO, 
and  boils,  with  partial  decomposition,  at  240^^2500  C.  (46401^820  F.)  ; 
the  bromide  melts  at  1450.1470  C.  (2930-296.60  F.).  Both  compounds, 
when  treated  with  potassium  cyanide  in  alcoholic  solution,  yield  tolly- 
lene cyanide,  C0H4(CH,.CN),« 
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Cyanobensene,  CgHj.CN  (Benzoniiril,  Phenyl  Cyanide'),  is  formed,  like 
the  nitrils  of  the  fatty  group  (p.  637),  by  dehydration  of  ammonium  ben- 
aoate,  C^H^Oj.NH^,  and  by  distilling  the  jwtassium  salt  of  benzenesul- 
phonic  acid  with  i>otassium  cyanide  (or  the  dry  ferrocyanide)  : 

CeHj.SOjK    +    KCN    =    SO,K,    +    CeH^CN ; 

also  by  heating  phenyl  isooyanide  with  metallic  copper,  and  by  other  re- 
actions. It  is  an  oily  liquid,  smelling  like  bitter  almond  oil,  having  a 
density  of  1.023  at  OO,  and  boiling  at  1910  C.  (375.80  F.).  It  unites  with 
the  halogen-elements,  the  haloid  acids,  and  hydrogen. 

Substituted  benzonitrils  are  obtained  by  dehydration   of  substitut 
benzamides,  e.  g,,  CjH4Br.CN,  by  the  action  of  phosphoric  anhydride  on 
bromobenzamide,  CgH^Br.CONH,. 

Phenyl  Isooyanide  or  Phenyl-oarbamlne,  C^N— G^Hs,  isomerio 
with  benzonitril,  is  formed  by  distilling  aniline  with  chloroform  and  aloo- 
holic  potash  : 

CeHj.NH,    +    CHCl,    «    3HCI    +    C^Hj— N^C. 
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It  is  a  liquid  having  a  strong  smell  of  prussic  acid,  and  boiling,  with  par- 
tial decomposition,  at  1670  C.  (332.60  p.).  It  is  dichroic;  blue  by  re- 
flected, green  by  transmitted  light.  It  is  not  altered  by  alkalies,  but  acids 
convert  it  into  anUine  and  formic  acid.  Heated  to  200O  C.  (392©  F.)  it 
changes  to  benzonitril. 

Cyanotolnene,  CfH4(CN).CHg.     Toluonitril, — ^The  three  isomeric  modi- 
fications of  this  compound  are  formed  by  treating  the  respective  tolyl-sul- 

{CS 
C  H  CH   »  ^^^^  finely  divided  copper,  which  removes 

the  sulphur,  or  by  distilling  the  potassium  salts  of  the  corresponding 
toluenes ulphonic  acids  with  potassium  cyanide : 

Ortho. — Colorless  liquid,  smelling  like  nitrobenzene,  boiling  at  203O-204P 
C.  (397.()O-399.20  F.).  /lira. —Colorless  needles,  melting  at  28.50  C. 
(83.20  F.);  boiling  at  218©  C.  (4240  F.).  Meta.— Not  yet  obtained  in  the 
pure  state. 

Bensyl  Cyanide,  C^H^.CH^.CN,  constitutes  the  principal  part  of  the 
volatile  oils  of  the  garden  nasturtium  (TVo/xe/um  majm),  and  of  the  garden 
cress  {Lepidium  sativum),  and  is  produced  artificially  by  heating  benzyl 
chloride  with  alcohol  and  potassium  cyanide.  Colorless  liquid  boiling  at 
2320  C.  (449.60  F.);  specific  gravity  1.0146  at  180  C.  (64.4P  F.). 
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These  bodies  are  easily  formed  by  the  action  of  concentrated  or  fuming 
nitric  acid  on  benzene  and  its  homologues,  the  substitution  of  the  NO,- 
group  for  hydrogen  taking  place  in  the  benzene-nucleus,  never  in  the 
lateral  chains  ;  e.  y., 

CeH^.CH,    +    NOjH    =    C,H^(NO,).CH,    +    H,0 . 

On  pouring  the  product  into  water^  the  nitro-compound  separates  out, 
generally  in  the  form  of  a  thick  yellow  or  orange-colored  oil.  The  more 
highly  nitrated  derivatives  are  most  easily  obtained  by  the  action  of  a 
mixture  of  1  part  of  strong  nitric  acid  and  2  parts  of  strong  sulphuric  acid. 
The  aromatic  nitro-compounds  are  mostly  of  a  yellow  color  ;  a  few  are 
liquid,  the  rest  crystalline  solids.  By  hydrogen  sulphide  or  anmionium 
sulphide,  and  by  stannous  chloride,  they  are  reduced  to  amido-compounds ; 
by  sodium-amalgam,  or  by  heating  with  alcoholic  potash,  to  azo-com pounds. 
They  may  also  be  converted  into  amido-compounds  by  heating  with  hydri- 
odic  acid : 

CeH-.NOj    +     6HI    =     C^HaNH^    +     2Efi    +     31,. 
Nitrobenzene.  Aniline. 

Nitrobenzenes . — ^M  ononitrobenzene,  C^Hj^CNO^) ,  formed  by 
gradually  adding  benzene  to  strong  nitric  acid  in  a  cooled  vessel,  is  a  light 
yellow  liquid,  having  an  aromatic  odor,  boiling  at  220O  C.  (4280  F.), 
solidifying  at  +  3©  C.  (37.40  F.).     Sp.  gr.  1.20  at  OO. 

Dinitrobenzenes,  C^H^CNO,),. — The  three  modifications  are  formed 
together  by  droppiue  benzene  into  a  mixture  of  2  vols,  strong  sulphuric 
70 
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and  1  vol.  very  strong  nitric  acid  ;  and  on  crystallizing  the  prodact  from 
alcohol,  the  meta-oompound,  which  constitutes  by  far  the  largest  portion, 
separates  out,  while  the  other  two  remain  in  solution. 

The  or^Ao-compound,  which  forms  the  smallest  portion  of  the  product, 
crystallizes  from  hot  water  in  long  needles,  melting  at  1180  C.  (244.40 
F.),  soluble  in  26  parts  of  alcohol  at  24P  C.  (75.20  p.),  and  in  3  parts  of 
boiling  alcohol. 

The  in«ta-compound  (ordinary  dinitrobenzene),  forms  long  rhombic  prisma 
melting  at  89.80  C.  (194.20  F.),  soluble  in  17  parts  of  alcohol  at  2^  C. 
(75.20  F.),  and  in  aU  proportions  of  boiling  alcohol. 

The  /Mzra-compound  forms  fan-shaped  groups  of  monoclinio  prisms,  melt- 
ing at  171Q-1720  C.  (339. 80-347.60  F.),  sparingly  soluble  in  alcohol. 

TrinitrobenzenCi  CfH,(N02)3,  formed  by  heating  metadinitroben- 
zene  with  a  mixture  of  pyrosulphuric  acid  (p.  197)  and  very  strong  nitric 
acid  in  sealed  tubes,  to  130O-140O  C.  (266Q-2840  p.),  crystallizea  fix)m 
alcohol  in  white  laminaB  or  fern-like  groups  of  needles.  It  melts  at  1210i- 
1220  C.  (249.80-261.60  F.},  dissolves  sparingly  in  cold  alcohol,  easily  in 
hot  alcohol  and  ether. 

Nitro-haloid  Derivatives  of  Bensene. — ^The  action  of  nitric  add, 
or  a  mixture  of  nitric  and  sulphuric  acids,  on  the  chloro-,  bromo-,  and 
iodo-benzenes,  gives  rise  to  para-  and  ortho-mononitro-derivatives  of  the 
haloid  compounds,  the  former  being  always  produced  in  greatest  abnnd* 
ance.  The  same  products  are  obtained  from  the  corresponding  nitranilines, 
CeH4.NOj.NH2,  by  exchange  of  the  NH^for  CI,  Br,  or  I,  through  the  medium 
of  the  diazo-Gomponnds.  The  meta-compounds  are  obtained  in  like  manner 
from  metanitraniline ;  metanitrochloro benzene  also  by  passing  chlorine 
into  nitrobenzene  mixed  with  iodine,  or,  better,  with  SbC^. 

The  following  are  the  melting  and  boiling  points  of  the  isomeric  mono- 
nitro-,  chloro-,  bromo-,  and  iodo-benzenes,  CeH4X(N0,}: 

Melting  Poiats; 

(1:2)  (1:8)  (l:A) 

CeH^CKNO,)   32.60  C.  (  90.5O  F.)  44.40  C.(111.90  P.)    83c  C.  (181.4P  F.) 

CeH4Br(N0j)  41.50C.  (106.70  F.)  56©  C.  (132.80  F.)  1200  C.  (258.80  F.) 

C8HJ(N0,)     49.40  C.  (I20.90  F.)  360  C.  (  96.80  F.)  1710  C.  (339.8©  F.) 

Boiling  Polntt. 
(1:2)  (1:3)  (1:4) 

CeH^CKNOj)    2430 C.(469.40F.)  2330c.    (451.4PF.)  2420  C. (467.00 p.) 
C,H4Br(N0,)  261oc.(501.8OF.)256.5OC.(493.7OF.)  255-60C.(491-30F.) 
CjUJ(N02)        28(PC.    (5360F.) 

These  numbers  show  that  the  para-derivatives  have  the  highest  melting 
points,  and  the  ortho-derivatives  for  the  most  part  the  lowest ;  the  rela- 
tions between  the  boiling  points  are  less  regular.  The  ortho-  and  para- 
compounds,  heated  in  sealed  tubes  with  aqueous  potash,  are  converted 
into  the  corresponding  phenols,  C^H^CLOH,  etc.,  whereas  the  meta-oom- 
pounds  do  not  exhibit  this  transformation. 

Nitrodichloro-  and  Nitrodibromobenzenes,  C0H3Cl5(NO,),  and 
CgH3Br2(NOx). — ^These  compounds  are  all  crystalline,  and  melt  at  the  tem- 
peratures shown  in  the  following  table  : — 
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C,H,C1,(N0,) 

1  :  2  :  4»  .  .  32.20  c.  (  90.0©  F.) 

1:2:5    .  .  65.00  c.  (131.00  F.) 

1:3:5    .  .  65.40  C.  (149.70  F.) 

1:3:4.  .  43.0O  C.  (109.4O  F.) 


C.H,Br,(NO,) 

1:2:4    .  .    61.60  C.  (142.90  F.) 

1:2:5    .  .     85.40  C.  (185.70  F.) 

1:3:6    .  .  104.6O  C.  (220.1©  F.) 

1:3:4.  .    68.60  C.  (137.50  F.) 

1:2:6    .  .     82.60  C.  (180.70  F.) 


Dtnt^rocA/oro&tfnartfne^Cg.Cl.NOj.H.NOg.H,,  formed  by  treating  either 
(1  :  2)  or  (1  :  4)  cklorobenzene  with  a  mixture  of  nitrio  and  sulphuric 
acids,  and  from  the  corresponding  dinitrophenol|  CfH,(N02)2.0H,  by  the 
action  of  PCI5,  crystallizes  in  prisms  melting  at  53.40  C.  (128.10  F.). 
C«C1.H.N0,.N0,.U,,  formed  in  like  manner  from  (1  :  3)  nitrochlorobeu- 
zene,  exhibits  dimorphous  modifications  having  diiferent  melting  points — 
36.30-38.80  C.  (97.3O-101.8O  F.). 

Dinitrohromohenzene,  CJcLfiri^O^^^  is  known  in  two  modifications 
analogous  to  the  chlorine-compounds  just  described,  and  obtained  in  like 
manner.  Both  are  crystalline;  (1:2:4)  melts  at  76. 30  C.  (167.50  F.); 
(1  :  3  :  4)  at  69.4P  C.  (138.90  F.). 

Dinitroiodohtnzeney  C7.I.N0,.H.N0,.H,,  from  para-  and  ortho-iodo- 
nitrobenzene  with  nitrosulphurio  acid,  forms  large  yellow,  transparent 
plates  or  prisms,  melting  at  88.50  C.  (190.90  F.). 

'  Another  modification,  Cq.I.NO^.U.U.H.NOj,  formed  simultaneously  with 
tlie  last,  crystallizes  in  transparent  orange-colored  rhombic  tables,  melting 
at  113.70  c.  (236.70F.). 

Trinitrochlorobe nzene,  Cj.Cl.NO,.H.NO,H.N02(Hcry/cA/onrf6),  from 
picric  acid,  CeH^(N03)3.0H,  with  PCI5,  forms  needles  melting  at  830  C. 
(I8I.40  F.7,  and,  like  piorio  acid,  forms  crystalline  compounds  with  many 
hydrocarbons. 

Nitrotolnenev.— /lira-  and  orthonitrotolueney  C«H4(N0,).CH„  aro 
formed  by  treating  toluene  with  fuming  nitric  acid,  and  may  be  separated 
by  fractional  distillation.  The  former  crystallizes  in  nearly  colorless 
prisms,  melts  at  54P  C.  (129.20  F.),  and  boils  at  2360  C.  (456.80  F.).  The 
latter  is  a  yellowish  liquid  boiling  at  2220-2230  C.  (437.60-433.40  F.). 

Metanitf'otolueney  obtained  by  the  action  of  nitrous  acid  and  alcohol  on 
metanitroparatoluidine,  C..Cil3.H.N02.NH2.H„  is  crystalline,  melts  at 
160  C.  (60.80  F.),  and  boils  at  2300-2310  C.  (446CL447.80  F.). 

Diultrotoluene,  C^.CHs.NO^.H.NOj.Hj,  formed  by  treating  toluene, 
or  ortho-or  para-nitrotoluene  with  nitro-sulphuric  acid,  crystallizes  in  long 
colorless  needles,  melting  at  70. 50  C.  (159. 70  F.).  Another  modification, 
obtained  in  like  manner  from  metanitrotoluene,  melts  at  6OO  C.  (140O  F.). 

Trinitrotoluene,  C0Hj(NO3)3.CHj,  obtained  by  prolonged  heating 
of  a  solution  of  toluene  in  nitrosulphurio  acid,  forms  nearly  colorless 
needles,  slightly  soluble  in  alcohol,  melting  at  820  C.  (179.60  F.). 

Nitro-etbyl-benxenes,  CfH4(N0,) — C^H^  (or/Ao-  and  para-),  are  formed 
simultaneously  by  the  action  of  fuming  nitric  acid  on  ethyl-benzene.  Both 
are  liquid,  the  former  boiling  at  2270-2280  C.  (440.6O-442.40  F.),  the  lat- 
ter at  245Q-2460  C.  (4730-474.SO  F.).  With  tin  and  hydrochloric  acid, 
they  yield  liquid  bases,  one  of  which,  viz.,  paramido-eihylbenzene,  Qfi^p^^^. 
C,n„  is  also  produced  by  heating  the  hydrochloride  of  ethylaniline  to  300O- 
3300  C.  (572O-620O  F.). 


*  NOi  in  the  position  1,  in  all  the  formula. 
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Nltroparascylene,  C^Hi,(NO,)(CH3)2,  is  a  pale  yellow  liquid  which 
boils  at  2340-2370  C.  (453.20-458.00  F.),  and  does  not  solidify  in  a  freez- 
ing mixture. — Dinitroimraxylene,  C^H2(NH^)2(CHj)2.  Two  modiiications  of 
this  compound  are  formed  simultaneously  by  the  action  of  fuming  nitric 
acid  on  paraxyleue,  the  less  soluble  in  alcohol  of  the  two  forming  long 
thin  needles  melting  at  123.50  C,  (254.30  F.),  while  the  other,  which  is 
more  soluble  in  alcohol,  forms  large  monoclinic  crystals  melting  at  930  C. 
(I99.40  F.). 

Trinitro/yaraxylene^  C5H(NOj)3(CIl3)2,  forms  long,  colorless  needles,  melt- 
ing at  1370  C.  (278. 60  F.),  moderately  soluble  in  hot,  sparingly  in  cold 
alcohol. 

Nitromesitylene,  CgH2(N02)(CH3)3,  forms  nearly  colorless  prisms, 
easily  soluble  in  alcohol,  melts  at  420  c.  (107.60  F.),  boils  at  2550  C. 
(4910  F,),^DinUromesitf/l€ne,  CeH(NOa)2(CH3)3.  Slender,  colorless,  brilliant 
needles,  melting  at  860 C.  (186.90  F.).  Trinitromesiiylene,  Ce(N02)3(CH,)3. 
Needles  very  slightly  soluble  in  alcohol,  melting  at  2320  C.  (449. 6O  F.). 

Nltropsendocnmene,  C9H,i(N02),  forms  long  needles,  easily  soluble 
in  hot  alcohol,  melts  at  710  C.  (159.80  F.),  boils  at  2t>50  C.  (509O  F.). — 
Trinitropaeadocumene,  CgEi9(N02)3.  Colorless,  quadratic  prisms,  melting  at 
1850  C.  (3650). 
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The  replacement  of  hydrogen  by  NH,  in  the  hydrocarbons  homologous 
with  benzene,  gives  rise  to  two  series  of  motameric  compounds,  analogous 
to  the  haloid  and  nitro-derivatives  above  described :  thus,  from  toluenes, 
CgHj.CHj,  are  derived : 

C«H,(XH,).CH,  CeH5.CH2(Niy; 

Toluidine.  Benzylamlne. 

and  from  xylene,  CeH4(CH3), : 

C3H3(NH2).(CH3)3  C«^i<^H2(NH ) 

Xylidlne.  Xylylamine.   * 

These  compounds  are  all  of  basic  character  ;  but  those  in  which  the  NH, 
is  situated  in  the  lateral  chains  are  stronger  bases  than  their  metamerides 
containing  this  group  in  the  principal  chain,  and  are  analogous  in  their 
properties  and  their  mode  of  formation  to  the  amines  of  the  fatty  group  ; 
thus  benzylamine,  which  may  be  represented  by  the  formula  NH.(aH7), 
derived  from  ammonia  by  substitution  of  benzvl,  C7H7,  for  hydrogen,  is 
formed,  together  with  dibenzylamine,  ^n{0^%)^^  and  tribenzvlaraine, 
N(C,H7)s,  by  heating  benzyl  chloride  with  ammonia,  just  as  ethylamine  is 
formed  from  the  chloride,  bromide,  or  iodide  of  ethyl.  Tolnidine  and  its 
homologues,  on  the  other  hand,  are  produced  chiefly  by  the  action  of  re- 
ducing agents  on  the  nitro-derivatives ;  and  amidobenzene,  aniline,  or 
phenylamme,  C.Hj— Nil,,  which  may  be  regarded  as  the  first  term  of  either 
series,  is  formed  for  the  most  part  in  the  same  manner. 
The  reduction  of  the  nitro-derivatives  is  effected  : 
1.  By  the  action  of  ammonium  sulphide  in  alcoholic  solution : 

C3H3.NO2    +     3H2S    =    CeH^.NH,    +     2H2O    +     as. 
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In  the  application  of  this  method  to  di-  and  tri-nltro-componnds,  only  one 

nitro-group  is  reduced  in  the  first  instance,  so  that  nitro-amido  com- 

NO 
pounds  are  obtained ,  such  Aa  ^%^4'<^^^  • 

2.  B7  the  action  of  zinc  or  tin  and  hydrochloric  acid,  or  of  iion  filings 
and  acetic  acid.  In  these  cases,  the  reduction  may  be  supposed  to  be 
effected  by  nascent  hydrogen  : 

CeH5.NO,    +     3H,    s=    CeHj.NH,    +    2H,0 : 

in  the  case  of  iron  and  acetic  acid,  also  through  the  intervention  of  the 
ferrous  salt  formed  in  the  first  instance  : 

CeH5.NO,    +     6Fe0    4-    HjO    =    CjHj.NH,    +     3Fe,0j, 

and  in  that  of  tin  and  hydrochloric  acid,  through  the  intervention  of  stan- 
nous chloride : 

C0H5.NO,    -f-     3Sn    +     6HCI    =    CeHj.NH,    +     3SnCl,    +     2Kfl 
and 
CeHj.NO,    4-    SSnCl,    +     GHQ    =    C.Hj.NH,    +    SSnCl^   -f-    2H,0. 

To  effect  this  last  reaction,  the  nitro-compound  is  drenched  with  fuming 
hydrochloric  acid,  and  the  calculated  quantity  of  granulated  tin  is  gradu- 
ally added.  The  action  usually  begins  after  a  while,  without  application 
of  heat,  the  tin  and  the  nitro-compound  dissolving.  From  the  warm  solu- 
tion, which  contains  a  double  salt,  consisting  of  the  hydrochloride  of  the 
resulting  base  combined  with  stannic  chloride,  e.  g.  (CgHj.NHj.HCOj.SnCl^, 
the  tin  is  precipitated  by  hydrogen  sulphide,  and  the  stannic  sulphide  is 
separated  by  filtration,  leaving  the  hydrochloride  of  the  amido-compound 
in  solution. 

When  a  di-  or  a  tri-nitro-compound  is  thus  treated,  all  the  nitro-groups 
are  usually  reduced  at  once :  hence  this  process  is  especially  applicable  to 
the  preparation  of  di-  and  tri-amido-derivatives.  If,  however,  only  half 
the  calculated  quantity  of  tin  be  added,  a  partial  reduction  may  be  effected, 
and  nitro-amido-oompounds  obtained. 


Amidohenzenea , 


Aniline,  CeH,N==  CjHs.NH^— /^icny/amiW.— This  base,  which  is  now 
prepared  in  enormous  quantities  for  the  manufacture  of  coloring  matters 
was  discovered  in  1826  by  Unverdorben,  who  obtained  it  by  the  dry  dis- 
tillation of  indigo.  Fritzsche,  in  1 841,  found  that  it  might  be  obtained  bv 
boiling  indigo  with  potash-lye ;  and  Zinin,  about  the  same  time,  introduced 
the  method  of  preparing  it  by  reduction  of  nitrobenzene  with  ammonium 
sulphide — a  process  which,  as  already  observed,  is  very  generally  applicable 
to  the  preparation  of  organic  bases. 

To  prepare  aniline  in  this  way,  an  alcoholic  solution  of  nitrobenzene  is 
mixed  with  ammonia,  and  gaseous  hydrogen  sulphide  is  passed  into  the 
Iiqum  as  long  as  sulphur  continues  to  be  precipitated :  the  reaction  is 
greatly  accelerated  by  warming  the  liquid.  The  solntion  is  then  mixed 
with  excess  of  acid,  filtered  to  separate  the  sulphur,  boiled  to  expel  alco- 
hol and  excess  of  nitrobenzene,  and  then  distillcMi  with  excess  of  potash. 

On  the  large  scale,  aniline  is  prepared  by  reducing  nitrobenzene  with 
ferrous  acetate.  Nitrobenzene  (1  part)  is  heated  with  iron  filings  (U  part), 
and  glacial  acetic  acid  (1  part),  and  the  solid  product  of  the  reaction  is 
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mixed  with  lime,  and  distilled  with  superheated  steam.  On  the  small 
scale,  the  best  results  are  obtained  bj  redaction  with  tin  and  hydrochloric 
acid.  The  product  obtained  bj  either  process  may  be  puriHed  by  convert- 
ing it  into  oxalate,  crystalli2ing  this  salt  several  times  from  alcohol,  and 
decomposing  it  with  potash. 

Aniline  is  also  produced  by  heating  phenol  with  ammonium  chloride  and 
fuming  hydrochloric  acid  in  sealed  tubes  to  315^  C.  (5990  F.;  for  about 
thirty  hours : 

CeH^.OH    +    NH,    =    C.H^.NH,    +     H,0: 

and  lastly,  it  is  formed  by  the  destrnctire  distillation  of  nitrogenous  or- 
ganic matters,  and  is  one  of  the  constituents  of  coal-tar  oil. 

Aniline  is  a  colorless  oily  liquid,  having  a  faint  peculiar  odor,  a  density 
of  1.036  at  (P,  and  boiling  at  184.50  C.  (364.10  F.).  When  quite  pure  it 
solidifies  at  low  temi)eratures,  and  melts  at  — 80  C.  (17.60  F.).  It  dis- 
solves but  sparingly  in  water — 31  parts  at  12^  C.  (53.6^  F.),  easily  in 
alcohol  and  ether.  When  exposed  to  the  air  it  turns  brown  and  gradu- 
ally resinizes.  Its  aqueous  solution,  mixed  with  chloride  of  lime,  assumes 
a  purple-violet  color.  Its  solution  in  strong  sulphuric  acid  acquires,  on 
addition  of  a  few  drops  of  aqueous  potassium  dichromate,  first  a  red,  Qien 
a  deep-blue  color.     A  deal  shaving  dipped  in  aniline  is  colored  yellow. 

Aniline  is  a  strong  base,  uniting  directly  with  acids  and  with  certain 
salts,  forming,  for  example,  the  comi)Ounds  (CfH,N)2.SnCl2  and  (C^H-N),. 
CuSO^. — Tlie  hydrocfdoride,  CjII^N.HCl,  forms  needles  very  soluble  in  water 
and  in  alcohol,  subliming  without  decomposition.  Its  alcoholic  solution, 
mixed  with  platinic  chloride,  de}>osit8  the  platinochloride,  (CfHfN.HCl),. 
PtCl4,  in  yellow  needles.  The  nitrate,  C^U^lS.^Ofi,  crystallizes  in  large 
rhombic  tables  ;  the  oxalate,  {CfB.jl!i)2'^2^4^it  separates  from  a  mixture  of 
the  alcoholic  solutions  of  aniline  and  oxalic  acid,  in  rhombic  prisms. 


SUBBTITUTION-PBODITCTS  OF  AITILINB. 

1.   Fa/o^cn-7)criraMr€«.  — These  compounds  are  formed: 

(1)  By  the  action  of  halogen-elements  on  aniline,  bromine,  and  chlorine, 
forming  di-  or  tri-derivatives,  iodine  giving  rise  to  para-iodaniline.  The 
monochlor-  and  monobromanilines  (para)  are  obtained  by  the  action  of 
chlorine  and  bromine,  in  vapor  or  in  aqueous  solution,  on  acetanilide^ 
CeH,.NH(CJIs<^),  suspended  in  water. 

(2)  By  reduction  of  the  nitrochloro-,  nitrobromo-,  or  nitroiodo-benzenea 
with  ammonium  sulphide,  or  with  tin  and  hydr«;hloric  acid,  GeH^Cl(NO,), 
for  example,  bein^  thus  converted  into  CfiH^ClCIjH,).  /♦u,^„„i. 

(3)  Fmm  the  nitranilines  by  substitution  of  CI,  Br,  or  I  for  NH,  (through 
the  medium  of  the  diazo-r/^mpounds),  and  of  NH,  for  NO^by  the  action  of 

reducing  agents,  C,H,<3^*  for  example  from  (^6^*<.j!iE^' 

Bv  the  entrance  of  haloj^en-elements  (also  of  the  5^^^~°P>^*^  .^^^^ 
moloculp,  the  basic  properties  of  aniline  are  weakened.  1  ne  mono^lenya- 
tivps  are  weak  bases  ;  the  di-derivatives  form,  for  the  most  P*"» J.^^^ " 
stable  salts  which  are  decomposed  even  by  water ;  and  the  ^;*;^^"^*";';^ 
are  mostlv  destitute  of  basic  properties,  though  the  <>"^°J?*j^°.^^*'^ 
substituted  radicles  has  some  influence  in  this  respect.  In  tne  mojwh^ 
rivatives,  the  ortho-compounds  are  less  basic  than  the  meta-  ana  para-oom- 

^The  f^llowinjr  tnhle  exhibits  the  modes  of  formation  and  the  chief  physi- 
cal properties  of  the  halogen-derivatives  of  aniline: 


HALOGEN-DERIVATIVES   OP    ANILIN 
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2.   Nitro-derivatives, 

Mononitranilinefl,  CgII^(N0,).NH2. — The  three  isomeric  derivatives 
are  formed  by  imperiuct  reductiou  of  the  diuitrobeuzenes  (p.  831),  best  by 
passing  hydrogen  sulphide  into  the  alcoholic  solution  of  the  nitro- com- 
pound, mixed  with  a  little  concentrated  ammonia  : 

^•^♦<^\o|    +     ^^^    •=    ^'"^N^     +    2H,0    +    3S. 

The  ortho-  and  para-derivatives  are  also  formed  by  the  action  of  alkalies 
on  the  corresponding  nitro-acetanilides,  CjHj.NHCCjHjO),  and  by  prolonged 
heating  of  ortho-  and  para-nitrobromobenzene,  or  of  the  methylic  ether  of 
ortho-  or  paranitrophenol,  with  aqueous  or  alcoholic  ammonia  to  1 80-2000 
C.  (356-3920  F.). 

qjH,(NO,)Br     H-     NH3    =        HBr  -f     CeH,(NO.)(NH„). 

C;eH.(NO,)(OCll,)     -f    NH,    »     HOCH,  +     C«H,(NO;)(NH,). 
NltranlBOl.                                         Methyl  NitranlUne. 

alcohol. 

Ortho-nitranUine  forms  long,  dark  yellow  needles,  melting  at  71. 50  C. 
(I6O.70  F.),  more  soluble  in  water  and  in  alcohol  than  the  other  two  modi- 
fications. Meta. — Long  yellow  prisms,  melting  at  109O  C.  (2280  p.), 
slightly  soluble  in  water,  freely  in  alcohol.  Ihra, — Orange-colored  needles 
or  tables,  melting  at  14GO  C.  (294.80  F.),  nearly  insoluble  in  water,  easily 
soluble  in  alcohol. 

Dinitranilliies,  C0H3(NO2)3NH,.  —  Tlie  unsymmetrical  modification 
1:2:4  (NH^  in  1),  is  formed  by  heating  the  corresponding  dinitro-, 
chloro-,  bromo-,  or  iodo-benzene,  or  the  methylic  ether  of  (1  :  2  :  4)  dini- 
trophenol  with  alcoholic  ammonia,  or  dinitro-aoetanilide  with  potash-lye. 
It  crystallizes  in  light  yellow  prisms,  melting  at  1820^1830  C.  (359.tiO- 
361. 40  F.);  does  not  combine  with  acids.  By  exchange  of  NH,  for  H  it  is 
converted  into  meta-dinitrobenzene. 

Consecutive  DinUraniline  (1:2:6),  from  the  corresponding  dinitro-iodo- 
beuzene  or  methyl-dinitrophenol,  forms  long,  dark  yellow  needles,  melting 
at  1380  C.  (280.20  F.),  sparingly  soluble  even  in  hot  alcohol. 

Trlnitranillne,  C,H,(N02)3.NHa  (1  :  2  :  4  :  6)  (Picramide),  is  formed  by 
the  action  of  alcoholic  ammonia  on  trinitrochlorobenzene,  Cg.Cl.NO^.H. 
NOjH.NOj  (p.  831),  or  on  the  ethylic  or  methylic  ether  of  picric  acid.  It 
crystallizes  from  alcohol  in  orange-red  needles  ;  from  glacial  acetic  acid  in 
large  monocllnic  tables  ;  melts  at  I860  C.  (366. SO  F.).  By  heating  with 
alkalies  it  is  converted  into  a  salt  of  picric  acid  : 

CeH,(N03)3.NHa    +     KOH    «    NH,    +     Cfi^O^O^^fiK. 

Chloro-  and  Bromo-nitranilines,  of  which  numerous  modifica- 
tions are  known,  are  obtained  by  heating  nitrodichloro-  and  nitrodibromo- 
benzenes  with  alcoholic  ammonia  ;  by  treating  chlor-  and  brom-acetanilides 
with  nitric  acid,  and  decomposing  the  resulting  nitro-compounds  with  al- 
kalies ;  and  by  passing  chlorine  gas  or  bromine  vapor  into  the  solution  of 
the  three  nitranilines  in  hydrochloric  acid. 

DlamldobenBoneB,  or  PhenylenedlamlneB,  CgH4(NH,)3. 
— ^These  bases  are  formed  by  reduction  of  the  three  dinitrobenzenes  or  the 
three  nitranilines  with  tin  and  hydrochloric  acid  ;  also  by  dry  distillation 
of  the  corresponding  diamidobenzoic  acids.  They  are  bi-acid  bases,  forming 
well-defined  crystalline  salts  ;  e,  g,,  C^H^(NH3),.2HC1. 
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Or^Ao— CJolorless  or  slightly  reddish  four-sided  tables  ;  melts  at  102O  C. 
(215.60  F.);  boils  at  2520  C.  (485. 60  F.);  dissolves  in  water,  especially 
when  hot.  Its  solution  in  hydjochlorio  acid  is  colored  dark-red  by  ferric 
chloride  or  potassium  dichromate.  Meta — Crystalline  mass,  easily  soluble 
in  water ;  melts  at  630  C.  (146.4P  F.),  boils  at  2870  C.  (548.60  F.).  Ihra 
— Colorless,  or  faintly  reddish  scales,  easily  soluble  in  water ;  melts  at 
1470  C.  (296.60  p.),  boils  at  267©  C.  (512.GO  F.). 

TriamldobenBene,  CjH,(NH^3  (1:2:  4),  is  produced  by  dry 
distillation  of  triamidobenzoio  acid  mixed  with  pounded  glass,  and  by 
reduction  of  (1  :  2  :  4)  dinitraniiine  with  tin  and  hydrochloric  acid.  It 
forms  a  dark-red  radio-crystalline  mass,  melting  at  103O  C.  (217.4P  F.), 
boiling  at  330O  C.  (6260  F.);  easily  soluble  in  water,  alcohol  and  ether; 
separated  from  its  aqueous  solution  by  caustic  soda.  By  ferric  chloride 
and  by  strong  snlphoric  acid  containing  a  little  nitric  acid,  its  solution  ia 
colored  deep  blue.     It  forms  well-defined  salts  with  acids. 


ALCOHOLIC   DEBiyATIYBS   OF   AVILINB. 

The  partial  or  total  replacement  of  the  hydrogen  in  the  amidogen  gronp 
of  aniline  by  alcohol-radicles,  gives  rise  to  compounds  analogous  to  the 
secondary  and  tertiary  amines  of  the  fatty  group,  and  formed  in  like 
manner  by  heating  aniline  with  the  iodides  and  bromides  of  the  alcohol- 
radicles  ;  e,  g.f 

CeH.NH,     -f     CHgBr    =    HBr    +    C-Hg.NH.CH, . 
Auiline.  Methyl-aniline. 

They  may  also  be  produced  by  heating  aniline  hydrochloride  with  alcohols 
in  closed  vessels,  a  chloride  of  the  alcohol-radicle  being  first  formed,  which 
then  acts  as  above  on  the  aniline.  The  tertiary  derivatives,  such  as 
dieihylaniline,  C(H5N(C2ng)2,  can  also  unite  with  alcoholic  iodides, 
forming  ammonium-compounds,  like  methyl-diethyl-phenylammonium, 
(CH3)(CgIl5)2(CgH5)NI,  which,  when  treated  with  moist  silver  oxide,  yield 
the  corresponding  hydroxides,  such  as  (CII,)(C2H5)2(CgHj)N.OII.  These 
hydroxides  are  very  soluble  in  water,  strongly  alkaline,  and  have  a  bitter 
taste. 

The  secondary  and  tertiary  derivatives  are  liquid  at  ordinary  tempera- 
tures, and  exhibit  the  following  physical  properties  : — 


Boiling 
Point. 

Speoiflo 
QrAvity. 

Methylaniline, 

Dimethylaniline, 

Ethylaniline, 

Diethylaniline, 

Amylaniline, 

Amyl-ethylaniline 

CeH5NH(CH,)               i 
CeH,N(CH,),                1 
CeH5NH(CA)              1 
C.H,N(C,H5),               { 
CeH,NH(C5H„)            | 
i,(CeH,)N(C,H,)(C,H„)  1 

190OL.191O  C. 
(374-3760  P.) 

1920  C. 
(377.60  P.) 

204O  C. 

(399.20  P.) 

213.50  C. 

(416.30  p.) 

2580  C. 
(496.40  P.) 

2620  c. 
(503.60  p.) 

0.976    atl50C. 

(60.80  P.) 
0.9653  at  150  C. 

(60.80  p.) 

0.964    atlSOC. 
(64.40  p.) 

0.939    at  ISO  c. 
(64.40  P.) 
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Dimethylaniline  Bolidifiea  at  +  0.5O  C.  (32.90  F.).  Amylethyl-aniline 
unites  with  methyl  iodide,  forming  the  iodide  of  methylethylamylphcnyi- 
ammonium,  (CeH5)N(CH5)(C,H5)(C5Hi,). 

Many  other  alcoholic  derivatives  of  aniline  have  been  prepared  aud 
examined. 

Diphenylamine,  NH(C,H,)„  is  formed  by  heating  aniline  hydro- 
chloride with  aniline  to  24(P  C.  (464^  F.),  and  by  the  dry  distillation  of 
triphenyl-rosaniline  (aniline  blue).  It  is  a  crystalline  body,  having  a 
pleasant  odor,  melting  at  54P  C.  (129.20  F.),  and  boiling  at  310©  C.  (5900 
F.);  slightly  soluble  in  water,  easily  in  alcohol  and  ether;  colored  deep- 
blue  by  nitric  acid.  It  is  a  weak  base,  its  salts  being  decomposed  by 
water. 

Triphenylamine,  N(CeH5)j,  is  produced,  together  with  diphenyl- 
amine, by  heating  a  solution  of  potassium  in  aniline  with  monobromo- 
benzene. 

Derivatives  containing  diatomic  alcohol-radicles  are  formed  by  heat- 
ing aniline  wltli  the  iodides  or  bromides  of  methene  and  ethene.  Metltene- 
diphcnyldiaminey  (CgH5.NH),.CH„  is  viscid  and  uncrystallizable.  Ethene- 
diphenyldiamiM,  (CeUg.NH^j.CjH^,  is  crystalline,  and  melts  at  570C.(134.b*0 
F.).  The  isomeric  ethidene-diphenyldiamine^  (C,H5.NU),.CH — CH,,  formed 
by  the  action  of  aldehyde  on  aniline,  separates  from  alcoholic  solution  in 
yellowish  nodules. 

Derivatives  containing  tri-atomic  alcohol-radicles  are  obtained  by 
heating  aniline  with  the  chlorides  of  such  radicles,  or  with  substances 

C  H  — NH\ 
capable  of  forming  them.  Methenyl-diphenyldiamine,  p*u* j^  \  CH,  pro- 
duced by  heating  aniline  with  chloroform  to  180O-190O  C.  (356-3740  p.) 
or  by  the  action  of  phosphorus  trichloride  on  a  mixture  of  aniline  and 
formanilide,  crystallizes  in  long  colorless  needles,  melting  at  135Q-1360 
C.  (275Q-276.80  F.),  and  boiling,  with  partial  decomposition,  above  250O 

C.  (4820  F.).   Ethenyl-dipkenyldiaminej  «'•„*    t,    \  C — CHj,    produced    by 

the  action  of  PCI3  on  a  mixture  of  aniline  and  acetic  acid,  forms  small 
colorless  needles  melting  at  131Q-1320  C.  (267.8Q-269.eo  F.). 


nEBIVATIYES   CONTAUrilTO   ACID-RADICLES  :— A  N I L  I D  E  8  . 

These  compounds,  which  may  be  regarded  as  amides  having  their  hydro- 
gen more  or  less  replaced  by  phenyl,  are  formed :  1.  By  the  action  of  acid 
chlorides  or  chloranhydrides  on  aniline ;  thus  : 

aH..NH,    +    CylljO.Cl    =    HCl    +     CeH^.NHj.CHjO . 
Aniline.  Acctio  Acetauilide. 

ehloride. 

2.  By  heating  aniline  salts  with  organic  acids : 

CeHj.NH,    +     CjHjO.OH    =    H,0    -f     CeHj.NH.C^HjO . 

By  heating  with  alkalies,  or  with  hydrochloric  acid,  they  are  resolved  into 
their  components ;  e.g., 

C.H^.NH.CjH.O    -f     KOH    =    C.H^O.OK    +     C^UyVU^. 
Formanilide,    CgH5.NH.CHO  —  Phenyl/ormamide,  —  Produced    by 
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heating  aniline  with  ethyl  formate,  or,  together  with  other  products,  by 
quickly  heating  it  with  oxalic  acid : 

CeH^.NH,    +     CjO^H,    =    CeH,.NH.CHO    +     CO,    +     K,0. 

It  forma  prisms,  melting  at  460  C.  (114.80  p.),  easily  soluble  in  water, 
alcohol,  and  ether.  iStrong  soda-lye  added  to  its  aqueous  solution  throws 
down  sodium  formanilide,  C0U..NNa— €110,  which  is  resolved  by 
water  into  formanilide  and  sodium  hydroxide.  By  distillation  with  strong 
hydrochloric  acid,  it  yields  a  small  quantity  of  benzonitril :  C.H..NH.CHO 
=  C^Hg.CiS^ +H,0.  •   * 

Acetanllide,  C^Hj. NH . CjH^O,  Phenylacetamidej  produced  by  heating 
aniline  and  glacial  acetic  acid  (1  mol.  of  each)  for  several  hours,  or  by  the 
action  of  acetyl  chloride  or  acetic  anhydride  on  aniline,  forms  colorless, 
shining  laminar  crystals,  melting  at  1120-1130  C.  (233. 6^-235.40  F.), 
volatilizing  without  decomposition  at  2950  C.  (563^  F.),  sparingly  soluble 
in  cold  water,  more  easily  in  hot  water  and  in  alcohol.  Treated  with  bro- 
mine, chlorine,  or  nitric  acid,  it  yields  mono-  and  di-substitution  products, 
the  substitution  always  taking  place  in  the  benzene-ring,  and  these  when 
heated  with  alkalies  yield  alcoholic  anilines.  Alonobromacetanilide, 
GgH^Br— NHCCyHaO)  (1:4),  melts  at  165©  C.  (329©  F.)  ;  dibromacetanilide 
at  1460  C.  (294.80  F.)  ;  paranitracetanUide  melts  at  207©  C.  (404.60  p.) ; 
ortho'  at  780  C.  (172.40  F.).  Dinitraceianilide,  CeH5(N0,),.NH(CjH,0), 
formed  by  dissolving  acetanilide  in  a  mixture  of  nitric  and  sulphuric  acids, 
melts  at  120O  C.  (248©  F.). 

CO— NH— CeHj 
Ozanilamide,    I  »  Phmyloxamide,  formed,   together 

CO— NHj 
with  oxanilide,  by  evaporating  cyananiline  with  hydrochloric  add,  crys- 
tallizes in  laminae,  soluble  in  hot  water,  and  subliming  without  decompo- 
sition. 

CO— NH— CgHj 
Ozanllide,  »  Diphenyloxcanide^  obtained  by  heating 

CO— NH— CgHg 
aniline  oxalate  to  160O-180O  C.  (32O-350O  p.),  and  together  with  oxanil- 
amide,  by  evaporating  a  solution  of  cyananiline  in  hydrochloric  acid,  forms 
shining  sublimable  crystals,  melting  at  2450  C.  (473©  F.). 

CO— NH— C^Hj 
Ozanlllo  Acid,   I  i   produced   by  heating    aniline 

fcO— OH 
with  excess  of  oxalic  acid,  forms  crystalline  scales  slightly  soluble  in  cold, 
easily  in  hot  water,  and  having  a  strong  acid  reaction.     It  is  monobasic. 

Carbanllamlde,    C0<^^-^»^*   ,  Ffienyl-carbamide,  Pkenyl^urea, 

is  formed,  like  ethyl-carbamide  (p.  791),  by  passing  cyanic  acid  vapor  into 
aniline,  and  by  the  action  of  anmionia  on  phenyl  isocyanate  (carbanil)  : 

CO-HN-CeHs    +     NH3    =    CO<S.^~^*°'^  . 

The  easiest  method  of  preparing  it  is  to  evaporate  an  aqneons  ^J^^^^^jf^  ?J 
potassium  cyanide  and  aniline  sulphate.  It  forms  colorless,  ^le^^^^^JV^P?^ 
crystals,  melting  at  1440-1450  C.  (291.20-293©  F.),  sparingly  ^olnWe  m 
cold  water,  easily  in  hot  water,  and  in  alcohol  and  ether.  Deoomposea  oy 
heat  into  ammonia,  cyanuric  acid  and  carbanilide.  »    _i      -j 

Alcoholic  derivatives  of  phenylcarbamide,  «.  g.,  eAyl-phenylcarbamuu, 
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CO^^u'^'jj*  ,  are  formed  by  the  action  of  aniline  on  isocjanic  ethers 
(carbimides,  p.  542). 

CarbaniUde,  ^^\nh  C*H*  »  Diphenyl-carbamide^  Diphenyl-urea  (sym- 
metrical), is  produced  by  the  action  of  carbonyl  chloride  (phosgene)  on 
aniline : 

COCl,    +    2(C,H5.NH2)    =»    2HC1    +     ^(NH.CaHj),; 

by  combination  of  phenyl  isocyanate  (carbanil)  with  aniline : 
COZIN-Cellj    +    NH,.C,H5    =    C0(NH.C,H6), ; 

by  heating  1  part  of  urea  with  3  parts  of  aniline  to  150O-170O  C.  (302Q- 
33bO  F.) : 

CO(NH,),    +    2(C,H5.NH,)     =-    2NH3    +     CO(NH.C.H,), ; 

also  by  heating  1  mol.  aniline  with  1  mol.  carbanilamide ;  and,  together 
with  formanilide,  by  the  action  of  heat  on  oxanilamide.  It  forms  silky 
needles,  slightly  soluble  in  water,  moderately  soluble  in  alcohol,  melts  at 
2350  C.  (455^  F.))  and  volatilizes  without  decomposition. 

Chlorocarhanilidey  COCl — ^N(CgH5)2,  is  formed  by  passing  phosgene  gas 
into  a  solution  of  diphenylamine  in  chloroform : 

COClg    +     NH(CJIj),    =.    HCl    +     COCl— N(C,H5),. 

It  crystallizes  in  colorless  laminae.  With  alcoholic  ammonia  it  forms  nn- 
symmetrical  diphenyl-carbamide : 

co<S'(c.n,),  +    NH.  -  Ha  +   co<|;7^^jj^j^ ; 

which  crystallizes  in  long  needles,  melting  at  1890  C.  (372.20  F.).    Heated 

with    aniline,     it    yields     triphenyl-carbamide,     C0<^^^^^^^« 

(needles  melting  at  136©  C.  (276.80  F.)  ;  and  with  diphenylamine  at  200<^ 
2200  C.  (3920-4280  F.)  it  forms  tetraphenyl  carbamide,  CO[N 
(C^Hji),],,  light  yellow  crystals,  melting  at  1830  C.  (361.4P  F.). 

Carbanllio,  or  Phenyl- carbamlo  A6id,  CO<[qjj'  «  »,  is  not  known 

in  the  free  state.     Its  ethers,  the  pheny  lurethanes  ,  are  formed  by 

NH  C  H 
the  action  of  alcohols  on  carbanil.     The  ethylic  ether,  CO<^q^  'jj*   »  ,  pro- 

duced  also  by  the  action  of  ethyl  chloi»carbonate,  COCl.OC^Hg,  on  aniline, 
forms  colorless  needles  melting  at  520  C.  (125.6©  F.).  It  boils  at  2370- 
2380  C.  (458.60-460.40  F.),  with  partial  decomposition  into  alcohol  and 
carbanil,  and  is  converted,  by  heating  with  strong  potash-lye,  or  with 
aniline,  into  diphenylcarbamide. 

Carbanil,  Phenyl  leooyanate,  or  Phenyl  carblmlde,  CO~N^ 
C^Hj,  formed  by  distilling  oxanilide,  or  better,  ethylic  carbanilate,  with 
phosphoric  anhydride,  is  a  mobile  liquid,  boiling  at  1630  C.  (325.40  F.), 
and  having  a  pungent,  tear-exoiting  odor.  Its  reactions  are  exactly  like 
those  of  the  isocyanio  ethers  already  described  (p.  646).  With  water  it 
forms  carbanilide : 

2(C0=N— CeHg)    +    H,0    «    CO,    +     CO(NH.CgHj), . 
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By  ammonia  it  is  converted  into  carbanilamide,  and  bj  amines  into 
alcoholic  derivatives  of  that  compound.  It  unites  with  flJcohols  to  form 
the  carbanilio  ethers. 

Thiooarbanll,  or  Phenyl-thiocarbimide,  CS^=N — CfH^,  also 
called  Phcni^lic  Mustard-oil^  is  formed  from  thiocarbanilide  by  distillation 
with  phosphoric  anhydride,  by  prolonged  boiling  with  hydrochloric  acid, 
and,  together  with  triphenylguanidine,  by  the  action  of  iodine  in  alcoholic 
solution : 

2CS<^  +  Ij  =  CS:=N— CeHj  +  Cl=N.CgH.     +  2HI  +  S  . 

^^NH.CeHj  \NH.CeH5 

It  is  also  produced  by  the  action  of  phosgene  on  aniline.  It  is  a  colorless 
liquid,  smelling  like  mustard-oil,  boiling  at  2220  C.  (431.60  P.).  By 
heating  with  reduced  copper,  it  is  converted  into  phenyl  cyanide  benzo- 
nitril: 

CS=N— CeHft    -h     Cu    =    CuS    +    CN.CjHj . 

Hydrogen  sulphide  passed  into  phenyl-thiocarbimide  decomposes  it,  even 
at  ordinary  temperatures,  into  thiocarbanilide  and  carbon  bisulphide : 

2(CS.rN.C,H6)    +     SH,    =    CS,    +    CSCNH.C^Hs), . 

It  unites  with  ammonia  to  form  phenylthiocarbamide ;  with  aniline,  to 
form  diphenylcarbamide ;  and  with  anhydrous  alcohol  at  120O  C.  (2480 
F.),  to  form  phenyllc  thiocarbamates  or  tliiourethanes  : 

CSHNC^Hb    +    CaHj.OH     s      CS<5'^-^«^*. 

Normal  Phenyl  Thiooyanate,  CN.S.CgH^,  isomeric  with  thiooarbanil, 
is  obtained  by  the  action  of  cyanogen  chloride  on  the  lead-salt  of  phenyl- 
mercaptau : 

(CeHjS),Pb    4.    2CNC1    =    PbCl,    +    2(CN.S.CeH5)  . 

It  is  a  colorless  liquid  which  boils  at  2310  c.  (447.80  F.),  and  reacts  like 
the  normal  thiocyanic  ethers  of  the  fatty  series. 

Thiocarbanilamide,  or  Phenyltbiooarbamide,   CS<[^^'^<^s  , 

formed  by  the  combination  of  ammonia  with  thiooarbanil,  crystallizes  in 
needles,  melting  at  1640  C.  (309.2O  F.),  slightly  soluble  in  cold,  more 
easily  in  boiling  water  and  in  alcohol.  When  boiled  with  silver  nitrate, 
it  exchanges  its  sulphur  for  oxygen,  and  is  converted  into  phenyl- 
carbamide. 

Thlooarbanlliae,  or  Diphenylthiooarbamlde,  CS(NH.CcH^t»  ^ 
formed  by  the  action  of  carbon  disulphide  on  aniline  : 

2NHjCeH5    +     CS    «    SH,    +    CSCNH.CgHj), . 

Aniline  and  potassium  hydroxide,  In  equal  numbers  of  molecules,  are 
heated  for  an  hour  in  alcoholic  solution  with  excess  of  carbon  sulphide  ; 
the  resulting  liquid  is  poured  into  dilute  hydrochloric  acid,  the  alcohoi 
evaporated,  and  the  mass  crystallized  from  alcohol. 

Thiocarbanilide  forms  colorless  lamin©  melting  at  144©  C.  (291,20  P.), 
insoluble  in  water,  easily  soluble  in  alcohol  and  ether.  The  mode  of  its 
conversion  into  phenylthiocarbimide  and  triphenyl-guanidlne  has  been 
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already  explained  (p.  842).     B7  treating  it  with  alcoholic  ammonia  and 
lead  oxide,  the  S  is  replaced  by  NH,  and  diphenyl-guanidine  is  produced. 

Dlphenyl-guanldinOp    ^^—-^"^Cnh'c'h*  iMelaniiine),  is  also 


6**5 


formed  by  the  action  of  gaseous  cyanogen  chloride  on  dry  aniline,  and  by 
boiling  cyananilide  with  aniline  hydrochloride  : 

CA.NH.CN    +     CeHj.NH,     »      H^^C<NH;c'h*  ' 

O      0 

It  forms  long  flattened  needles,  melting  at  1470  C.  (296. 60  F.),  soluble  in 
10  parts  of  alcohol  at  ordinary  temperatures,  slightly  soluble  in  water. 
It  is  a  mono-acid  base,  and  forms  well-crystallized  salts.  When  heated 
above  its  melting  point,  it  is  resolved  into  ammonia,  aniline,  and  tetra- 
phenyl-melaminey  G^^f}i^(^C^H.^)^,  By  carbon  disulphide  it  is  converted  into 
thiocarbanilide  and  thiocyanic  acid : 

HNZlCCNH.CeHj),    +     CS,    =    CSCNH-C^H^),    +     CNSH . 

Triphenyl-gnanldine   («),  CeHs—Nz:C<^{|-^«^*  ,  is  formed 

by  the  action  of  heat  on  diphenyl-carbamide  ;  by  heating  diphenyl-thio- 
oarbamide  either  alone  or  with  copper  to  150O-160O  C.  (302CL-320O  F.),  or 
with  aniline  to  the  boiling  point  of  the  latter.  It  is  most  easily  prepared 
by  heating  an  alcoholic  solution  of  diphenyl-thiocarbamide  and  aniline 
with  lead  oxide  or  mercuric  oxide,  or  with  an  alcoholic  solution  of  aniline 
to  the  boiling  point : 

CS(NH.C,Hj),    +    C,H..NH,    »    SH,     +     C.Hj— N=C(NH.C,H5), . 

Triphenyl-guanidine  crystallizes  in  shining  rhombic  prisms,  melting  at 
1430  C.  (289.4^  F.),  nearly  insoluble  in  water  even  at  tbe  boiling  heat, 
easily  soluble  in  hot  alcohol.  It  is  a  mono-acid  base,  forming  well-crys- 
tallized salts.  By  distillation  it  is  resolved  into  aniline  and  diphenyl-cy- 
anamide  or  carbodiphenylimide,  which  recombine  in  the  receiver : 

C.H.-N-C<NH;C.H,    ^    C.H.NH.    +  cf^Z^^: 

and  by  heating  to  1600-1700  C.  (320-338O  F.)  with  carbon  disulphide,  into 
phenyl-thiocarbamide  and  dipbenyl-thiocarbamide : 

C«H^N=C(NH.C,H5),    +     CS,    =    CSHN.C.Hj    +     CSCNH.CeH^), . 

An  isomeric  triphenyl-guanidine  (5),  irNZ:C<^^^^|^»  ,  is  formed  by 
heating  cyananilide  with  diphenylamine  hydrochloride  : 

C.H5.NH.CN    +     NHCCeHj),    <=    HN=C<^^J;«^|>« . 

It  crystallizes  in  large  tables  melting  at  131©  C.  (267.80  F.)*.  * 

Tetraphenyl-guanidine,  HN^CCNCCgHs),],.— The  hydrochlo- 
ride is  formed  by  passing  gaseous  cvanogen  chloride  into  fused  dipbenyl- 
amlne  heated  to  160Q-170O  C.  (3200-3380  F.).  The  free  base  separatcHi 
therefrom  by  an  alkali  forms  colorless  rhombic  prisms,  meltine  at  130Q- 
1310  c.  (2660-267.80  F.). 

Phenyl-oyanamlde,  or  Cyananilide,  rN.NH.CgH,^,  formed 

by  paHsiug  gaseous  cyanogen  chloride  into  an  ethereal  solution  of  dry  ani- 
line, or  by  digesting  an  alcoholic  solution  of  phenyl-tliiocarbamide  with  lead 
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oxide,  crystallizes  in  long  needles,  melting  at  36^^37^  C.  (96.8Cl4)8.60F.)i 
sparingly  soluble  in  water,  easily  in  alcohol  and  ether.  It  has  no  basic 
properties,  but  unites  with  hydrogen  sulphide  to  form  phenylthiocar* 
bamide,  NU2.CS.NiI(C,H5),  and  is  converted  spontaneously,  even  at 
ordinary  temperatures,  into  the  polymeric  compound  triphenyl-me- 
I  a  m  i  n  o ,  CjN^ H,(CeHg)g,  which  crystallizes  in  prisms  melting  at  162P- 
1630  C.  (323.6^-326.40  b\). 

Diphenyloyanamlde   or   Carbo-diphenylimide, 

C^HioNi  =  C^  ,  is  formed  by  adding  mercuric  oxide  to  a  solution 

of  diphenylthiocarbamide  in  hot  benzene,  and,  together  with  aniline,  by 
distillation  of  a-triphenyl-guanidine.  It  is  a  syrupy  liquid,  boiling  at 
330Q-331O  C.  (6260-627.80  F.),  and  changing,  when  kept  in  an  exsiccator, 
into  a  solid  polymeric  compound.  Hydrochloric  acid  gas  passed  into  its 
solution  in  hot  benzene  converts  it  into  a  crystalline  hydrochloride,  CuH,^,. 
HCl.  By  boiling  with  aqueous  alcohol  it  is  converted  into  diphenyl- 
'carbamide.  It  unites  with  SH,,  to  form  diphenylthiocarba- 
mide, and  with  CS,  at  1400^.1500  c.  (284Ol-302O  F.)  to  form  pheny  1- 
thiocarbimide,  C(N.CeH5)j  +  CS,  =  2(CS:ZN— C^Hj). 

C(NH)— NH.CeHj 
Cyananiline,  (CgHe.NH2),(CN)2  s=  I  ,  separates  on 

C(NH)— NH.CeHj 
passing  cyanogen  gas  into  an  alcoholic  solution  of  aniline,  in  shining  lami- 
nas,  melting  at  210O  C.  (410O  F.).     It  is  a  biacid  base,  and  is  resolved  by 
boiling  with  acids  into  oxamide  and  ox&nilide. 
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P ho B phenyl  Chloride,  CgHs.PCl,,  formed  by  repeatedly 
passing  a  mixture  of  the  vapors  of  benzene  and  phosphorus  trichloride 
through  a  red-hot  tube  filled  with  fragments  of  pumice,  and  in  small 
quantity  by  heating  mercury-diphenyl  with  phosphorus  trichloride,  is  a 
fuming,  strongly  refracting  liquid,  having  a  density  of  1.319  at  20O  C. 
(680F.),  and  boiling  at  2220  C.  (431.60  F.)  ;  decomposed  by  water  into 
hydrochloric  and  phosphenylous  acids.  It  unites  with  chlorine^  forming 
the  tetrachloride,  CgHg.PCl^,  which  melts  at  730  C.  (163.40  F.)  ; 
with  bromine  to  form  Cglls-PCljEr^,  melting  at  208O  C.  (406.40  F.)  ;  with 
oxygen  to  form  the  oxychloride,  CjHj.PCljO,  which  is  a  liquid  boil- 
ing, with  partial  decomposition,  at  260O  C.  (500O  F.)  ;  and  with  sulphur  to 
form  CeH^.PClgS,  a  liquid  boiling,  also  with  partial  decomposition,  at  270O 
C.  (51bO  F.). 

FhosphenylotiB  Acid,  C.H5.PHO.OH,  formed,  as  above  men- 
tioned, by  the  action  of  water  on  the  dichloride,  crystallizes  in  colorless 
laminsB,  melting  at  70©  C.  (1580  F.),  and  acts  as  a  powerful  reducing  agent. 
Phosphenylicacid,  C«H5.P0(0H)j„  formed  in  like  manner  from  the 
tetrachloride,  crystallizes  in  lamin»,  melting  at  1580  C.  (316.4P  F.). 

Phenyl-phosphine,  CgHj.PH^. — ^Dry  hydriodic  acid  gas  passed 
into  pho3]>henyl  chloride  unites  with  it,  forming  the  compound  C^Hj.PIj.HI, 
which  is  decomposed  by  alcohol,  with  formation  of  phenylphosphine.  The 
latter  is  a  liquid  having  a  pungent  and  offensive  odor,  heavier  than  water, 
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boiling  at  1 GO^  C.  (320O  F. ) .  It  oxidizes  in  the  air,  forming  phosphenyl 
oxide,  CgHj-PHjO,  a  crystalline  mass  easily  soluble  in  water.  Phenyl- 
phosphine  does  not  dissolve  in  aqueous  acids,  but  unites  with  dry  hydrogen 
iodide^  forming  phenylphosphonium  iodide,  CflUj.Piy,  from 
which  the  phcnylphosphine  may  be  separated  by  water. 

Diethyl-phenylphoiphine,  CgHj.FCCjHj),  formed  by  the  action  of  zinc-ethyl 
on  phosphenyl  chloride,  and  treatment  of  the  product  with  caustic  soda, 
is  a  colorless  strong-smelling  liquid,  having  a  specific  gravity  of  0.9571  at 
130  C.  (57.20  F.),  boiling  at  2220  C.  (431.60  F.),  insoluble  in  water, 
soluble  in  acid,  but  not  forming  crystallizable  salts.  With  ethyl  iodide 
it  forms  the  compound  CgUg.PCCjH^),!,  which  is  crystalline,  and  easily 
soluble  in  water. 


Arsenic  ComponndB . — Arseniophenyl chloride,  CqHqAsCI,,  formed 
by  the  action  of  arsenious  chloride  on  mercury-diphenyl,  is  a  heavy  color- 
less liquid,  boiling  at  2620-2550  C.  (485.60-4910  F.),  not  decomposed  by 
water,  soluble  in  alkalies.  It  unites  with  chlorine,  forming  a  reddish- 
yellow  liquid  tetrcuMoride,  C^H^AsCl^,  which  is  decomposed  by  water  into 
hydrochloric  and  phenylarsinic  acids,  CgH^AsOCOII),,  crystallizing 
in  long  needles  which  melt  at  1680  C.  (334.40  F.). 

Arsenio-diphenyl  chloride^  or  Phenylcacodyl  chloride,  (CqHj)2AsC1,  formed  in 
small  quantity,  together  with  the  preceding  compound,  is  a  thick  oil, 
boiling  above  360O  C.  (690O  F.),  not  decomposed  by  water.  It  unites 
with  chlorine,  forming  the  trichloride,  (C0H5)2AsCl3,  which  melts  at 
1740  C.  (345.20  F.),  and  is  decomposed  by  warm  water  into  hydrochloric 
acid  and  phenyloaoodylio  acid,  (C,H5),AsO.OH,  which  crystallizes 
in  needles,  slightly  soluble  in  water,  melting  at  174P  C.  (345.20  F.). 

Sllico-phenyl  Componnds. — ^The  chloride,  CeHgSiOl,, obtained 
by  heating  mercury-diphenyl  with  silicic  chloride,  SiCl^,  to  300O  C.  (5720 
F.),  is  a  liquid  which  fumes  in  the  air,  and  boils  at  1970  C.  (386.60  F.). 
It  is  decomjwsed  by  water,  with  formation  of  silico-benzolc  acid, 
GfHg.SiO.OH,  }. «.,  benzoic  acid  in  which  the  C  of  the  group  COOH  is 
replaced  by  Si.  With  alcohol,  the  triethylic  ether,  C^H5.Si(OCjH5)3,  is 
formed,  as  a  liquid  boiling  at  2370  C.  (458. 60  F.). 

Mercury-diphenyl,  (CeH5)jHg,  is  formed  by  heating  a  solution 
of  bromobenzene  in  benzene  for  a  considerable  time  with  liquid  sodium- 
amalgam,  the  reaction  being  facilitated  by  addition  of  a  little  acetic  ether. 
It  crystallizes  in  colorless  rhombic  prisms,  melts  at  120O  C.  (2480  F.),  and 
may  be  sublimed ;  turns  yellow  on  exposure  to  the  air ;  dissolves  easily 
in  benzene  and  carbon  sulphide  ;  less  easily  in  ether  and  in  alcohol ;  not 
at  all  in  water.  When  distilled  it  is,  for  the  most  part,  decomposed  into 
diphenyl,  benzene,  and  mercury.  Acids  decompose  it,  with  formation  of 
benzene  and  mercury  salts.  When  treated  with  two  molecules  of  chlo- 
rine, bromine,  or  iodine,  it  is  decomposed  into  monochlorobenzene,  etc., 
and  a  halogen-compound  of  mercury  ;  e,  g, : 

(CeH,),Hg    -f     2C1,    ==    2C^B^Cl    +    HgCl,  . 

With  one  molecule  of  the  halogen  element,  haloid-compounds  are  formed, 
like  C^Hj.Hgl,  from  which,  by  the  action  of  moist  silver  oxide,  the  hy- 
droxide, CgHj.Hg.OH,  is  formed,  a  crystalline,  strongly  alkaline  compound 
which  expels  ammonia  from  ammonium  salts. 
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Amido-toluenea, 

These,  like  other  toluene  derivatives,  admit  of  metamerio  modifications, 
acoording  as  the  NH,  group  is  situated  in  the  principal  or  the  lateral  chain 
(p.  813). 

Tolnidlne,  C^HyN  =s  CeH/NHp.CHj.— This  base,  homologous  with 
aniline,  exhibits  the  three  modifications,  ortho-,  meta-,  and  para-,  which 
are  obtained  by  reduction  of  the  three  corresponding  uitrotoluenes, 
CeH4(N0,),CH,. 

Para-toluidine  (ordinary  toluidine),Ce.CH3.n.H.NH,.H2,  forms  large 
colorless  tabular  crystals,  heavier  than  water,  very  sparingly  soluble  in 
water,  easily  in  alcohol  and  ether.  It  melts  at  450  C.  (113^  F.),  boils  at 
1980  C.  (288.4^  F.);  has  an  aromatic  taste  and  odor,  a  very  feeble  alka- 
line reaction  ;  does  not  give  any  colored  reaction  with  chloride  of  lime. 
It  forms  crystalline  salts,  but  is  a  weak  base,  incapable  of  neutralizing 
sulphuric  acid.  With  acetyl  chloride  it  forms  acetoparatoluidin'e, 
CeU4(NH.C,HjO).CHj,  a  crystalUne  compound  melting  at  1450  C.  (293© 
F.). 

Ortho-toluidine,  also  called  F^eudo-toluidiney  Is  a  colorless,  neutral 
liquid,  becoming  roso-colored  on  exposure  to  the  air.  It  has  a  density  of 
1.00  at  IGO  C.  (60.80  F.),  boils  at  199.50  C.  (390.2©  F.),  and  does  not 
solidify  at  — 20O  C.  (— 4PF.).  Its  acetyl-derivative  melts  at  107©  C. 
(224. 60F.). 

Meta-toluidine,  from  metanitrotoluene,  is  a  colorless  liquid,  of 
specific  gravity  0.998  at  15©  C.  (59©  F.),  boiling  at  1970  C.  (386.60  F.), 
not  solidifying  at  — 13©  C.  (8.60  F.),  Its  acetyl-derivative  melts  at  65,50 
C.  (149.90  F.). 

Commercial  tolnidlne,  from  aniline  works,  is  a  mixture  of  ortho-  and 
para-toluidine,  the  latter  of  which  partly  crystallizes  out  on  cooling  to  a 
low  temperature.  To  separate  the  ortho-toluidine  from  the  still  dissolved 
para-modification,  the  liquid  is  heated  with  glacial  acetic  acid,  whereby 
the  two  bases  are  converted  into  acetotoluides  ;  these  are  dissolved  in  strong 
acetic  acid,  and  the  solution  is  diluted  with  80  parts  of  water,  whereby 
the  acetoparatoluide  is  precipitated,  while  the  aoetorthotoluide  remains  in 
solution ;  or  the  mixture  of  the  two  bases  is  heated  successively  with 
oxalic  acid  and  ether,  whereby  an  oxalate  of  paratoluidine  is  first  sepa- 
rated, the  ortho-salt  remaining  dissolved, 

Bensylamlne,  CgH5.CHj(NHj),  or  NHj(C^H,)— This  compound, 
metamerio  with  toluidine,  is  obtained,  together  with  dihenzylcmine, 
NH(CjH7)2,  and  tribemylaminey  N(C7H«)3,  by  the  action  of  alcoholic  ammonia 
on  benzyl  chloride,  C^H^.CHaCl  (p.  826). 

Benzylamine  is  a  colorless  liquid,  boiling  at  185©  C.  (365©  F.).  It 
mixes  in  all  proportions  with  water,  and  is  separated  therefirom  by  potash. 
It  is  a  much  stronger  base  than  toluidine  ;  absorbs  carbon  dioxide  rapidly, 
forming  a  crystalline  carbonate  ;  unites  readily  with  acids,  producing  rise 
of  temperature ;  and  fumes  with  hydrochloric  acid.  The  hydrochloride 
crystallizes  in  striated  tables  ;  the  platinochloride,  2NHf(C|H^)Cl,PtCl4,  in 
orange-colored  laminae. 

Dibtnzylaminey  (Q^YLf^^Jl^  is  a  colorless  viscid  liquid,  insoluble  In  water, 
easily  soluble  in  alcohol  and  ether  ;  having  a  specific  gravity  of  1.033  ai 
14©  C.  (57.2©  F.). 
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Trihemylamine^  {C^B.^^^^  forms  colorless  needles  or  lamins,  melting  at 
910  C.  (195. 80  F.)i  insoluble  in  water,  slightly  soluble  in  cold  alcohol, 
easily  in  hot  alcohol  and  in  ether.  Its  hydrochloride,  heated  in  a  stream 
of  dry  hydrogen  chloride,  is  resolved  into  benzyl  chloride  and  the  hydro- 
chloride of  dibenzylamine. 

Diamidotolnenes  or  Tolylene-diamlnes,  CgHsCNHg)^. 
CH3. — ^The  modification  1:2:4  (CH,  in  1),  obtained  by  reduction  of  dini- 
trotoluene  melting  at  70.50  C.  (158.90  F.),  with  tin  and  hydrochloric  acid, 
crystalliates  in  long  needles,  melts  at  990  C.  (210.20  F.),  and  boils  at  280O 
C.  (5360  F.).  1:3:4,  obtained  by  reduction  of  metanitro-paratoluidine, 
forms  colorless  scales,  melting  at  88.50  C.  (191.30  F.),  boiling  at  2650  C. 
(509O  F.). 


Metaxylldlno,  CgHnN  =  CeH3(NHj).(CH3)„  Cumldine,  CjHuN,  or 
probably  CeH/NHj).C3H,,  and  Cymidine,  CjoHijN,  or  C,oH,s(NH,),  ho- 
mologous with  toluidine,  are  obtained  in  like  manner  by  reduction  of  the 
corresponding  nitro-derivatives.  Xylidine  boils  at  2140-2160  C.  (417.20- 
420.80  F.)  ;  cumidine  at  2250  C.  (4370  F.)  ;  cymidine  at  250O  C.  (4820  p.). 
Xylidine  and  cumidine  form  well-crystallized  salts. 

MesidineorAmidomesitylene,  CjH,(CHp,.NHj  (the  three  CHj- 
groups  symmetrical,  1 :  3  :  5),  is  liquid.  Nitromesidinej  CgHjo(N02)(NH,), 
melts  at  lOOO  ;  diamidomesUylene,  CjHio(NH,)2,  at  90O  C.  (194P  F.). 

Zylylamlne,  CgHuN  =  NHaCgH^ss  CeH/CHj)  .CH,NH„  homologous  with 
benzylamine,  is  obtained,  together  with  dixylylamine^  NII(CgHg)„  and  irixy- 
lylandne,  N(C,Hg)8,  by  heating  xylyl  chloride,  CgH^(CH3).CH,.Cl,  with  alco- 
holic ammonia  in  sealed  tubes.  These  three  bases  are  oily  liquids,  smelling 
like  herring-pickle,  lighter  than  water,  insoluble  therein,  easily  soluble  in 
alcohol  and  ether.  Xylylamine  boils  at  196©  C.  (384.8©  F.)  ;  dixylylamine 
decomposes  at  210O  C.  (410©  F.). 

Cumylandney  the  9-carbon  base  metamerio  with  cumidine  and  homologous 
with  benzylamine,  has  not  been  obtained. 

Oymylamine,  C,oH,,N  =  NH,(C,oH„)  =  CgH,(CH3).C8He(NH,),  is  ob- 
t<ainod,  together  with  di-  and  tri-cymytaminey  by  heating  cymyl  chloride 
with  alcoholic  ammonia  in  sealed  tub^.  Cymylamine  and  dicymylamine 
are  oily  liquids,  boiling  with  decomposition,  the  former  at  280O  C.  (5360  F.), 
the  latter  above  300O  C.  (57*20  p.).  Tricymylamine  crystallizes  in  rhom- 
boidal  lamina,  melting  at  81O-820  C.  (177.80-179.60  F.). 
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Aniline  has  during  the  last  few  years  found  an  extensive  application  in 
the  arts,  a  long  series  of  coloring  matters  unequalled  in  brilliancy  and 
beauty  having,  by  the  action  of  different,  oxidizing  agents,  been  pro- 
duced from  it.  It  was  Mr.  W.  H.  Perkin  who  first  conceived  the  happy 
idea  of  applying  practically  the  well-known  property  possessed  by  aniline, 
of  forming  violet  and  blue  solutions  when  treated  with  a  solution  of  chlo- 
ride of  lime  or  chromic  acid.  He  succeeded  in  fixing  these  colors,  and 
bringing  them  into  a  form  adapted  for  the  dyer. 
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Anillne-pnrple  or  Mauve,  the  first  discovered  of  the  aniline- 
dyes  (185()),  is  prepared  bj  mixing  solutions  of  aniline  sulphate  and  potas- 
sium bichromate  in  equivalent  proportions,  and  allowing  the  mixture  to 
stand  for  several  hours.  The  black  precipitate  formed  is  filtercnl  off  and 
purified  from  admixed  potassium  sulphate  by  washing  with  water ;  it  is 
then  dried  and  freed  from  resinous  matter  by  repeated  digestion  with  coal- 
tar  naphtha,  and  finally  dissolved  in  boiling  alcohol.  For  its  further  puri- 
fication, the  alcoholic  solution  is  evaporated  to  dryness,  the  substance  is 
dissolved  in  a  large  quantity  of  boiling  water,  reprecipitated  with  caustic 
soda,  washed  with  water,  and  dissolved  in  alcohol ;  and  the  filtered  solu- 
tion is  evaporated  to  dryness.  Mauve  thus  prepared  forms  a  brittle  sub- 
stance, having  a  beautiful  bronze-colored  surface :  it  is  diflicuUly  soluble 
in  cold  water,  although  it  imparts  a  deep  purple  color  to  that  liquid :  it  is 
more  soluble  in  hot  water,  very  soluble  in  alcohol,  nearly  insoluble  in  ether 
and  hydrocarbons :  it  dissolves  in  concentrated  acetic  acid,  from  which  it 
crystallizes.  Mauve  is  the  sulphate  of  a  base  called  m  a  u  v  el  n  e ,  having 
the  composition  C^fH^^N^,  and  capable  of  forming  crystalline  salts  with 
acids. 

Aniline-red,  Roeaniline,  Os^HiyN,  (or  G|oH,,N,). — Salts  of  this 
base  occur  more  or  less  pure  in  commerce  under  the  names  roneine,  fvchsine^ 
magentaf  azaleiney  etc.  A  red  color  had  bnen  observed  at  different  times  in 
experimenting  with  aniline,  more  especially  when  that  substance  was  di- 
gested with  Dutch  liquid.  The  red  coloring  matter,  though  still  impure, 
was  first  obtained  in  a  separate  state  from  the  product  formed  by  digesting 
aniline  with  carbon  tetrachloride  at  150O  C.  (302O  p.),  in  which  reaction 
it  is  formed,  together  with  triphcnylguanidine.  Verguin  (1858)  first  pre- 
pared it  on  a  large  scale  by  the  action  of  stannic  chloride  upon  aniline ; 
and  it  has  since  been  produced  by  the  action  of  mercuric  salts,  arsenic  acid, 
and  many  other  oxidizing  agents,  upon  aniline.  The  most  advantageous 
mode  of  preparation  is  the  following :  A  mixture  of  12  parts  of  the  dry 
arsenic  acid  which  occurs  in  commerce,  and  10  parts  of  aniline,  is  heated 
to  120O  or  140O  C.  (2500-2840  F.),  with  addition  of  water,  for  about  six 
hours.  The  product,  which  is  a  hard  mass  having  the  lustre  of  bronze,  is 
dissolved  in  hot  water  and  precipitated  by  a  slight  excess  of  soda ;  the 
precipitate  when  washed  with  water,  and  dissolved  in  acetic  acid,  forms 
the  roseine  of  commerce.  In  order  to  purify  this  still  crude  substance,  it 
is  boiled  with  an  excess  of  soda,  to  separate  any  aniline  that  it  may  con- 
tain ;  and  the  washed  precipitate  is  dissolved  in  very  dilute  mineral  acid, 
filtered  from  undissolved  tarry  matter,  and  reprecipitated  with  alkali. 
The  compounds  of  rosaniline  with  one  molecule  of  acid  are  beautifully 
crystallized  substances,  which  in  the  dry  state  have  a  green  color  with 
golden  lustre ;  with  water  they  yield  a  very  intensely  colored  red  solution. 
The  free  base,  first  obtained  by  Nicholson,  presents  itself  in  colorless  crys- 
talline plates,  insoluble  in  water,  soluble  in  alcohol  and  ether,  with  a  red 
color,  which  it  also  acquires  on  exposure  to  the  air. 

Rosaniline  in  the  anhydrous  state  is  represented  by  the  formula, 
CjoHj^Ng,  and  in  the  hydratod  state,  such  as  it  assumes  when  isolated 
from  its  compounds,  by  the  formula  CjpHigNs.HjO.  It  is  a  triamine  capable 
of  forming  monoacid,  biaoid,  and  triacid  salts.  The  aniline-rods  of  com- 
merce are  monoacid  salts  of  rosaniline,  more  or  less  pure.  The  acetate, 
which  is  chiefly  found  in  commerce  in  England,  has  been  prepared  by 
Nicholson  in  splendid  crystals  of  very  considerable  dimensions,  having 
the  composition  CjoHnN^.C^H^Oj.  In  Prance  the  hydrochloride,  C,oH,,N,. 
HCl,  is  chiefly  employed.  The  action  of  ammonium  sulphide  upon  rosani- 
line gives  rise  to  leucaniline,  C„H,,N„  a  base  containing  two  additional 
atoms  of  hydrogen.    This  base  is  itself  colorless,  and  forms  colorless  tri- 
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acid  salts,  sncli  as  C2oH2iN,.3HCl.    Oxidizing  agents  reoonyert  it  into 
FOB  aniline. 

The  molecular  constitution  of  rosaniline  has  not  been  distinctly  made 
out,  and  there  is  even  some  doubt  (as  above  indicated)  with  respect  to  its 
empirical  formula.  Its  mode  of  formation,  also,  is  not  thoroughly  under- 
stood ;  but  one  very  important  fact  has  been  brought  to  light  by  the 
researches  of  Uofmann,  and  confirmed  by  the  experience  of  manufacturers 
— ^namely,  that  pure  aniline,  from  whatever  source  it  may  be  obtained,  is 
incapable  of  furnishing  aniline-red.  Commercial  aniline  prepared  from 
coal-tar  always,  in  fact,  contains  toluidine  as  well  as  aniline ;  and  Uof- 
mann has  shown  that  the  presence  of  this  base,  together  with  aniline,  is 
essential  to  the  formation  of  the  red  dye.  Toluidine  by  itself  is  just  as 
incapable  of  yielding  the  red  as  pure  aniline,  but  when  a  mixture  of  pure 
aniline  and  pure  toluidine  is  treated  with  stannic  or  mercuric  chloride,  or 
with  arsenic  acid,  the  red  coloring  matter  is  immediately  produced.  If 
the  formula  CjoHjgN,  be  correct,  the  formation  of  rosaniline  may  perhaps 
be  represented  by  the  equation  : 

C.H,N    +     2C,H,N    =    C,oH„N,    +     3H, ; 
Anltlne.         Toluidine.  RoftaaUiae. 


and  its  structure  by  the  formula : 
^NH.CeH,<cH, 


CH^.C«H4.NH- 


o,  C.H,(NHJ<^U.-.--/-> 


But  rosaniline  is  converted  by  nitrous  acid  into  aurin  or  rosolic  acid, 
which,  according  to  the  recent  experiments  of  Dale  and  Schorlemmer,* 
has  the  composition  CjqMi^Oj,  and  is  reconverted  into  rosaniline  by  heating 
with  alcoholic  ammonia.  According  to  this,  rosaniline  should  have  the 
formula  C^Hi^N,,  the  two  reactions  just  mentioned  being  represented  by 
the  equations : 

C«H„N,    4.     3N0,H    »    CaoHi,0,    4-     3H,0    +    3N3 , 

and 

C^Hj^O,    +    3NH,    =    C«H„N,    +     3H,0. 

Aniline  Bine  and  Aniline  Violet. — Oirard  and  De  Laire  obtained 
aniline  blue  by  digesting  rosaniline  with  an  excess  of  aniline  at  150Q-160C 
C.  (302O-320O  F.).  Together  with  aniline  blue,  which  is  the  principal 
product  of  the  reaction,  several  other  coloring  matters  (violet  and  green), 
and  indifferent  substances,  are  formed,  considerable  quantities  of  ammonia 
being  invariably  evolved.  The  crude  blue  is  purified  by  treating  it  suc- 
cessively with  boiling  water  acidified  with  hydrochloric  acid,  and  with 
pure  water.  The  blue  coloring  matter  is  said  to  be  obtained  from  its  boil- 
ing alcoholic  solution  in  brilliant  needles.  It  consists  of  the  hydrochlo- 
ride of  triphenyl-roMniline,  C„H,a(CjHj),.  By  heating  rosaniline  with 
ethyl  iodide,  Hofmann  has  obtained  an  aniline  violet,  having  the  compo- 
sition of  hydriodide  of  triethyl-rosaniline,  C2oH„(C,H5),N8.  Another  aniline 
violet  is  produced  by  heating  rosaniline  with  a  quantity  of  aniline  less 
than  sufficient  to  form  aniline  blue. 

Other  aniline  violets  are  produced  by  the  action  of  stannic  chloride, 
mercuric  chloride,  or  iodine  chloride  on  methyl-aniline  and  dimethyl* 
(iniline. 

»  Ohem.  Soo.  Journnl,  1877,  vol.  11.  p.  ISl. 
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Aniline  Greens. — ^The  most  important  of  these  colon  are  those  known 
as  '*  aldehyde  green"  and  **  iodine  green."  The  former  is  produced  by 
adding  1^  parts  aldehyde  to  a  cold  solution  of  magenta  in  a  mixture  of  3 
parts  strong  sulphuric  acid  and  1  part  water.  The  mixture  is  then  heated 
in  a  water-bath  till  a  drop  of  the  product  diffused  in  water  produces  a 
fine  blue  color,  and  then  poured  into  a  boiling  solutiou  of  sodium  thiosnl- 
phate.  The  liquid  is  then  boiled  for  a  short  time  and  filtered.  The  fil- 
trate contains  the  green,  which  may  be  precipitated  by  tannin  or  by 
sodium-acetate.  Aldehyde  green  is  principally  used  in  silk-dyeing.  It 
is  a  salt  of  an  organic  base  which  may  be  separated  by  means  of  soda  or 
ammonia. 

Iodine  green  is  produced  by  heating  the  violets  of  triethyl-  or  trimethyl- 
rosaniline  (Hofmann's  violets)  or  the  methyl-aniline  violets,  with  iodide 
of  methyl,  ethyl,  or  amyl.  The  green  thus  obtained  with  methyl  iodide 
has  a  very  fine  color,  bluer  than  that  of  aldehyde  green,  and,  like  the 
latter,  preserves  its  color  by  artificial  light.  It  is  much  used  for  cotton 
and  silk  dyeing. 

A  third  kind  of  aniline  green,  known  commercially  as  **  Perkin*s  green," 
resembles  the  iodine  green,  and  is  much  used  for  calico-printing. 

Chrysanlline,  C^HifN,  (or  C^qHi^N,  ?),  is  formed  as  a  secondary  pro- 
duct in  the  preparation  of  aniline  red.  It  is  a  well-defined  base,  forming 
two  series  of  salts,  most  of  which  are  well  crystallized.  The  two  hydro- 
chlorides of  chrysaniline  are  C„H,fN,.HCl,  and  Cs)H„N,.2HCl.  The 
nitrate,  C2oH,fN,.NO,H,  is  so  little  soluble  in  water  that  nitric  acid  may  be 
precipitated  even  from  a  dilute  solution  of  nitrates  by  means  of  the  more 
soluble  hydrochloride  or  acetate  of  chrysaniline. 

Aniline  Bro^^n  is  obtained  by  heating  4  parts  of  aniline  hydrochlo- 
ride to  240O  C.  (4(>4P  F.)  with  1  part  of  aniline  violet  or  aniline  blue. 

Aniline  Blaok. — Blacks  of  great  intensity  are  produced  on  calico  by 
printing  with  a  mixture  of  aniline,  potassium  chlorate,  and  a  metallic 
compound— the  one  most  generally  used  being  cupric  sulphide.  The  com- 
position of  aniline  blaok  is  not  known,  neither  is  its  mode  of  formation 
well  understood  ;  but  it  appears  to  depend  upon  oxidation  of  the  aniline 
by  the  chlorate  and  the  cupric  sulphide,  these  compounds  being  thereby 
reduced,  and  afterwards  reoxidized  by  the  oxygen  of  the  air,  so  that  they 
act  as  carriers  of  oxygen.  The  finest  black  is  obtained  with  vanadium 
salts,  which  easily  undergo  oxidation  and  reduction. 

Aniline  also  forms  coloring  matters  with  xylidine.  Xylidine-rosanUine, 
produced  according  to  the  equation  CgUfN  -|-  2CgH|jN  ^  CgH^N,  +  3H,y 
forms  salts  of  a  fine  crimson  color. 


AZO-  AND  DIAZO-COMPOUNDS. 

These  compounds  are  derived  from  the  aromatic  hydrocarbons  by  substi- 
tution of  2  atoms  of  nitrogen  for  2  atoms  of  hydrogen,  the  nitrogen  appa^ 
rently  acting  as  a  univalent  radicle.  In  the  azo-compounds  the  two 
nitrogen-atoms  are  united  to  one  another  by  a  part  of  tlieir  combining 
capacities,  and  each  is  directly  combined  with  the  carbon  of  a  benzene- 
residue  ;  thus : 
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N-CA  ^^N-CeH»  HN— CeHj 

Azobenzene.  Azoxybenzene.  Hydrazobenzene. 

In  the  diazo-compounds,  only  one  of  the  nitrogen-atoms  is  directlj 
linked  to  the  carbon  of  a  benzene-residue,  while  the  free  combining  unit 
of  the  other  is  satisfied  either  bj  a  halogen-element  or  by  an  acid  residue, 
or  generally  in  some  way  different  from  the  first ;  thus  : 

N— C.Hj  N— CeH^  N— CeH^ 


N— Br                          N— NOj  N— NHCC.H^). 

DiAzobenzene                  Diazobenzene  Dlazobenzene- 

bromide.                           nitrate.  amidobenzene. 

The  azo-comx>ounds  are  formed :  1.  By  the  action  of  certain  reducing 
agents  on  the  nitro-derivatives  of  the  aromatic  hydrocarbons  ;  2.  By  oxi- 
dation of  aniline.    They  may,  indeed,  be  regarded  fas  stepping-stones 

from  the  nitro-  to  the  amido-derivatives,  as  shown  by  the    following 

formulae : — 

Equivalent  Moleoular 

formulte.  formuls. 

Nitrobenzene        •        •    CeU^NO, 
Azoxybenzene      •        •    C^H^NO^ 
Azobenzene  .        •     C^H^N 

Hydrazobenzene  •        .     CqHqN 
Amidobenzene     .        .    C^H^N 


CeH^NO, 
C„HioN,0 

cf{f' 


Tlie  hydrogen  of  the  benzene-nucleus  in  these  bodies  may  be  partly  re- 
placed by  the  halogen-elements  and  the  groups  NO,,  NH,,  SO,H,  etc. 

Azoxybenzene,  Ci^HjoNjO,  or  Azoxyhenzide^  is  formed  by  the 
action  of  potash  or  soda,  or  of  sodium-amalgam  on  nitrobenzene  in  alco- 
holic solution.  Nitrobenzene  (1  vol.)  is  dissolved  in  strong  alcohol  (8-10 
vol.)  and  a  quantity  of  dry  potassium  hydroxide,  equal  in  weight  to  the 
nitrobenzene,  is  added ;  the  liquid,  which  becomes  heated  spontaneously, 
is  boiled  for  some  time ;  the  alcohol  is  then  distilled  off  till  the  residual 
liquid  separates  into  two  layers  ;  and  the  upper  brown  layer,  which  con- 
tains the  azoxybenzene,  is  washed  with  water,  whereupon  it  solidifies  to 
a  crystalline  mass,  which  is  recrystallized  from  alcohol. 

Azoxybenzene  forms  long,  yellow  needles,  insoluble  in  water,  easily 
soluble  in  alcohol  and  ether.  It  melts  at  360  C.  (96. 8^  F.),  and  is  decom- 
posed by  distillation  into  aniline  and  azobenzene.  By  reducing  agents  it  is 
converted  into  azobenzene  and  hydrazobenzene.  It  yields  two  mononitro- 
derivatives,  one  melting  at  1430  C.  (289.4P  F.),  the  other  at  490  C. 
(120.20  F.). 

Azobenzene,  CigHipNg,  Azchenzide^  Is  formed  by  the  action  of  iron 
and  acetic  acid,  or  better,  of  sodium-amalgam,  on  nitrobenzene.  On  heat- 
ing the  products,  the  azobenzene  distils  over  as  a  yellow  oil,  which  solidifies 
in  the  receiver,  while  azoxybenzene  remains  behind. 

Azobenzene  crystallizes  in  large  yellowish-red  lamins,  sparingly  soluble 
in  water,  easily  in  alcohol  and  ether.  It  melts  at  66.50  C.  (151.7°  F.) 
and  distils  at  2930  C.  (559.4P  F.).  By  the  action  of  ammonium  sulphide 
and  other  reducing  agents,  it  is  converted  into  hydrazobenzene  and 
the  isomeric  compound  benzidine.  With  bromine  it  forms  the  com- 
pound C,2H,oBr,Nj,  or  QHj— BrN— NBr— CeHj,  and  with  nitric  acid  a 
mono-  and  a  dinitro-derivative. 
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AmidaxobenBene,    or    Amldodiphenylimide,    G|,H0(NH,)N,    ss 

CgHs — N N — CjH^CNH,). — ^This  compound,  which  forms  the  chief  con- 

Btituent  of  commercial  aniline  yellow,  is  produced  by  the  action  of  am- 
monium sulphide  on  nitro-azobenzene,  and  by  a  molecular  transformation  of 
the  isomeric  compound  diazo-amidobenzeneyC^H^ — ^NIZN — ^NH(C0H}), which 
takes  place  when  the  latter  is  left  in  contact  with  alcohol  and  aniline 
hydrochloride  ;  also  by  the  action  of  sodium  stannate  and  other  oxidizing 
agents  on  aniline. 

Amidazobenzene  crystallizes  from  hot  alcohol  in  yellow  rhombic  needles 
or  prisms,  sparingly  soluble  in  hot  water,  melting  at  127.4P  C.  (261. 30 
F.),  and  sublimable.  It  forms  crystalline  salts  containing  1  equivalent 
of  acid,  yellow  or  violet  in  the  solid  state,  decomposed  by  water.  By  dis- 
tillation with  sulphuric  acid  and  manganese  dioxide,  it  is  oxidized  to  qui- 
none,  CgH^O,.  By  the  action  of  tin  and  hydrochloric  acid,  it  is  resolved 
into  aniline  and  diamidobenzene. 

Diamid-azobensene,  or  Dlphenine,  C„Hg(NH,),N„  formed  by  reduc- 
tion of  dinitro-azobenzeue  with  ammonium  sulphide,  is  a  yellow  crystal- 
line base,  dissolving  with  red  color  in  acids,  resolved  by  reducing  agents 
into  two  molecules  of  diamidobenzene : 

CuH,(NH,),N,    -I-    2H,    «    2C,H,(NH^, . 

Hydrazobenaene,  CuH^N,,  formed  by  the  action  of  ammonium  sul- 
phide or  sodium-amalgam  on  azobenzene  or  azoxybenzene,  crystallizes  in 
large  plates,  having  a  peculiar  camphorous  odor.  It  dissolves  easily  in 
alcohol  and  ether,  but  is  insoluble  in  water  ;  melts  at  131o  C.  (267.80  F0« 
In  contact  with  dilute  mineral  acids,  it  is  easily  converted  into  the  iso- 
meric compound,  benzidine  or  diamidodiphenyl,  NHj.CgHf—- C^H^.NH, 
(see  DiPHBNYL  Compounds).  By  the  action  of  oxidizing  agents,  or  by  con- 
tact of  its  alcoholic  solution  with  the  air,  it  is  converted  into  azobenzene. 
By  distillation  it  is  resolved  into  aniline  and  azobenzene. 

Diamidhydrazchenzene,  C,,H,o(NH5)2Nj,  produced  by  the  action  of  podium- 
amalgam  on  metanitranUine,  forms  yellow  needles  melting  at  140^  C. 
(2840  P.). 


Azotolnene,  Ci4H,4Nj,  formed  by  treating  an  alcoholic  solution  of 
nitrotoluene  with  sodium-amalgam,  with  occasional  addition  of  acetic  acid, 
crystallizes  in  orange-red  shining  needles,  which  melt  at  13TO  C.  (278. 6^ 
F.),  and  sublime  without  decomposition.  It  is  insoluble  in  water,  dilute 
acids  and  alkalies,  but  dissolves  easily  in  alcohol  and  ether.  Treated  in 
alcoholic  solution  with  sodium-amalgam  or  ammonium  sulphide,  it  is  con- 
verted into  hydrazotoluene,  C mH^N,.  With  bromine  it  yields  a 
crystalline  addition-product,  Ci^Hj^Br^N,. 


Diazo  CompoTmda. 


These  compounds,  the  structure  of  which  has  been  already  explained, 
are  formed  by  the  action  of  nitrous  acid  on  the  salts  of  the  amido-deriva- 
tives  of  the  aromatic  hydrocarbons  ;  thus : 

C6H.NH,.N0,H    -f    NO.OH    =    aHj.Nj.NO,    -f    2H,0 . 
Aniline  nitrate.  DIazobenzene 

nitrate. 
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They  are,  however,  somewhat  unstable,  and  are  apt  to  be  decomjwsed  by 
the  water  resulting  from  the  reaction,  especially  if  the  liquid  is  hot,  with 
evolution  of  nitrogen,  and  formation  of  hydroxyl-derivatives,  i.  e.,  phenols : 

aHj-N,.NO,    +     H,0    =    aHg.OH    +     N,    +    NO,H , 
DUzobenzene  PhenoL 

nitrate. 

the  final  result  being  the  same  as  if  the  nitrous  acid  acted  on  the  aromatie 
amido-compound  in  the  same  way  that  it  acts  ux)on  the  amines  and  amides 
of  the  fatty  series  (p.  640): 

CjHj.NH,    +    NO.OH    =    CeHj.OH    +    H,0    +    N, . 

A  better  mode  of  preparing  the  diazo-oompound  is  to  add  solution  of  potas- 
sium nitrite  to  a  solution  of  the  amido-compound  in  nitric  acid : 

C.HsCNHO.NOjH    +    NO,K    +     NO,H 

=    C.H5.N,.N0,    +    NOjK    +    2HjO. 

Amido-oompounds  in  which  the  hydrogen  of  the  NH,  group  is  partly  or 
wholly  replaced  by  alcohol-radicles,  generally  yield  the  same  diazo-com- 
pounds  as  the  original  amido-derivatives,  the  alcohol-radicles  being  sepa- 
rated in  the  form  of  alcohols  : 

C.H5.NH(C,H5).NO,H  +  NO,H  «  C^Hj.Nj.NO,  +  CjH^OH  +  H,0 

Ethyl.aniline  nltrftte.  Diazobenzene 


nitrate. 


CeH5.N(C„H5),.NO,H    +    NO,H    =    CeHj.Nj.NO,    +    2C,H50H . 
Diethyl-aniline  nitrate. 

Those,  on  the  contrary,  in  which  the  hydrogen  of  the  benzene-nucleus  is 
partly  replaced  by  CI,  Br,  NO,,  etc.,  yield  substituted  diazo-compounds, 
such  as  CjH^Cl.Nj.NOj,  CgH4(N02).N2.N05,  etc. 

When  nitrous  acid  acts  upon  an  amido-compound  in  tha  free  state  in 
alcoholic  or  ethereal  solution,  the  product  is  a  diazo-amido-com- 
pound  ;   thus: 

N— CeH, 
2(CeH4.NH,)    +    NO,H    s     ||  4.     2H,0 . 

N— NHCCeHj) 
Aniline.  Diazo-amidobenzene. 

These  compounds  are  also  formed  by  the  action  of  amines  or  their  salts 
on  the  salts  of  diazo-compounds  : 

CeH,.Nj.NO,  +  2(C,H5.NH,)  =»  C.Hs.Na.NHCC^Hs)  +  CeH.N.NO.H 

C,H,.N,.OK  +  CeH5.(NH,).HCl  =  C.H^.Nj.NHCCeH,)  +  KCl  -|-  H,0. 

By  this  reaction,  also,  mixed  diazo-amido-compounds  may  be  obtained :  for 
example,  diazotoluene-amidobenzene,  C^H^.Nj.NH.C.H.,  from  toluidine  and 
a  salt  of  diazobenzene.  •    •     *  0   »» 

In  like  manner,  diazo-amido-compounds  may  be  formed  with  the  primary 
and  secondary  aimnes  of  the  fatty  series ;  e.  ^., 

nitrSt^"^  Dlethyiaiine.  *  rfazibenVne-  '  ^  "^   blethylaminl 

'*"'^*^^  dlethylamine*  nitrate. 

The  diazo-oompounds   are  mostly  colorless   crystalline  bodies,  which 

quickly  turn  brown  on  exposure  to  the  air.    They  dissolve  easily  in  water, 

sparingly  in  alcohol,  and  are  precipitated  from  the  alcoholic  solutions  by 

ether.     Most  of  them  are  very  unstable,  and  decompose  with  explosion 
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when  heated  or  struok.  They  suffer  deoomposition  also  under  the  influence 
of  the  most  various  reagents,  generally  in  such  a  manner  that  both  the 
nitrogen-atoms  are  eliminated  in  the  gaseous  form,  and  the  diazo-group  ia 
replaced  bj  halogen  elements,  hydrogen,  hydroxyl,  etc. 

1.  When  boiled  with  toater,  they  yield  phenols : 

CeHft.N,.Br    +    H,0    =    C«Hj.OH    +     N,    +     HBr. 

With  hydrogen  sulphide  in  Uke  manner  they  yield  mercaptans. 

2.  On  boiling  them  with  strong  alcohol^  the  N,-group  is  replaced  by  hy- 
drogen, producing  benzene  or  a  homologous  hydrocarlx>n,  while  the  alcohol 
Is  oxidized  to  aldehyde : 

C,Hj.Nj.NO,  +  CjHjOH  =  C^U^  +  N,  +  NO,H  +  C^H^O . 

3.  The  pkuinochlorides,  formed  by  combination  of  the  diazo-ohlorides  with. 
PtCl^,  are  decomposed  when  heated  alone,  or  better  with  dry  sodium  car- 
bonate and  common  salt,  producing  chlorinated  hydrocarbons, 
which  distil  over : 

(C.H5.N,.a),.PtCl4    «as    2CeH5a    +    2N,    +    2C1,    +    Pt . 

4.  The  diazohromidee  take  up  two  atoms  of  bromine,  forming  perbro- 

BrN— CeHj 
mides,    such  as  CgHgNjBr,  or         I  ,  which  are  likewise  decom- 

BrN— Br 
posed  by  dry  distillation,  or  more  readily  by  boiling  with  strong  alcohol, 
yielding  monobromo-derivatives  of  the  hydrocarbons : 

CeHj.Nj.Br,    =s    C^H^Br    +    Br,    +     N,. 

5.  The  sulphates  and  other  oxy-salts  of  the  diazo-compounds,  boiled 
with  hydriodic  acidj  yield  iod i n e-d e r i va  t i  ves : 

C.H5.N,.S04H    +     HI    =    CeHjI    +     N,    +     SO^- 

Diazo-compounds  containing  chlorous  radicles  (CI,  Br,  NO,,  etc.)  in  the 
benzene-nucleus  undergo  exactly  similar  decomposition  ;  e.g,, 

C.H^Br.N-.NOj    4-     HjO    =    C,H,.Br.OH    +    N,    -|-     NOjH . 
Diazo-bromot»eazene  Bromophenol. 

nitrate. 

CeH,a,.N-.Br,    =    CeHgCl,Br    +     Br,    +     N, . 
Diazo-dichlorobenzene      Bromodichlo- 
perbromlde.  robenzene. 

The  reactions  1,  3,  4,  and  5  afford  the  means  of  converting  an  aromatio 
amido-derivative  (and  therefore  also  a  nitro-derivative),  through  the 
medium  of  the  diazo-compound,  into  the  corresponding  halogen-  and  hy- 
droxy l-derivatiyes ;  and  this  mode  of  transformation,  known  as  the 
'*  diazo-reaction"  serves,  as  already  shown  in  several  instances,  to  deter- 
mine the  relative  positions  of  the  substituted  radicles  in  these  derivativefl 
(p.  823). 

The  diazo-amido-compounda,  which  may  be  regarded  as  formed  by  the 
union  of  diazo-  and  amido-derivatives,  undergo  similar  transformations. 
They  are  first  resolved,  under  the  influence  of  hydrobromio  or  hydrochloric 
acid,  etc.,  into  their  components,  a  diazo-  and  an  amido-derivative ;  the 
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latter  then  separatee  out  either  in  the  free  state,  or  as  a  salt,  and  the  diazo- 
compound  is  transformed  in  the  manner  above  described  ;  thus  : 

CsH5.N,.NH(C,Ha)  +  2HBr  ^  C^H^Br  +  N,  +  QHjCNEy.HBr 

(iH5.N,.NH(C,Hj)  +    H,0  =  (^H^OH  +  N,  +  CbH,.NH,  . 

DiasobenBene-oomponnds. — ^The  nitrate,  CeHj.Nj.NOg,  is 
prepared  by  passing  nitrous  acid  vapor  into  a  flask  containing  aniline  ni- 
trate moistened  with  a  small  quantity  of  water  and  cooled  with  ice,  till 
the  whole  is  dissolved,  and  the  solution  no  longer  yields  aniline  when 
mixed  with  potash.  On  filtering  the  liquid,  and  adding  alcohol  and  ether, 
the  diazobenzene  nitrate  separates  as  a  crystalline  mass,  which  may  be 
purified  by  redissolution  in  a  small  quantity  of  cold  water,  and  precipita- 
tion by  alcohol  and  ether. 

Diazobenzene  nitrate  forms  long  colorless  needles,  extremely  soluble  in 
water,  slightly  soluble  in  alcohol,  insoluble  in  ether  and  in  benzene.  It 
is  tolerably  permanent  when  dry,  but  gradually  turns  brown  on  exposure 
to  moist  air.     It  explodes  violently  when  heated. 

The  sulphate,  C^H^.Nji.SOfH,  is  prepared  by  passing  nitVous  acid  into  ani- 
line sulphate  dissolved  in  water  containing  sulphuric  acid,  or  better,  by 
decomposing  the  nitrate  with  sulphuric  acid.  It  forms  colorless  needles 
or  prisms  easily  soluble  in  water,  exploding  at  10(P. 

The  bromide,  C^H^.N^.Bt,  separates  in  white  laminie  on  gradually  adding 
bromine  dissolved  in  ether  to  an  ethereal  solution  of  diazo-amidoben- 
zene  while  tribromaniline,  which  is  formed  at  the  same  time,  remains  in 
solution. 

The  perbromide,  CfH^.N^.Brj,  is  formed  by  mixing  an  aqueous  solution 
of  the  nitrate  with  a  solution  of  bromine  in  hydrobromic  acid  or  sodium 
bromide,  and  separates  as  a  dark-brown  oil,  which  soon  solidifies  to  a 
crystalline  mass.  When  recrystallized  by  solution  in  cold  alcohol,  and 
rapid  evaporation  in  a  vacuum,  it  may  be  obtained  in  large  yellow  laminse, 
insoluble  in  water  and  ether,  moderately  soluble  in  cold  alcohol.  By  pro- 
longed washing  with  ether,  it  is  converted  into  the  monobromide. 

The  chloride,  C^Hylffil,  is  obtained  in  solution  by  agitating  a  solution 
of  the  bromide  with  moist  silver  chloride. 

The  platinochloride,  (CgH5NjCl)2PtCl4,  is  precipitated  in  yellow  prisms 
on  adding  a  solution  of  platinic  chloride  to  a  solution  of  the  nitrate  or 
sulphate. 

Diazohemene-j^oBsium,  CqH^.Nj.OK,  separates  on  adding  caustic  potash 
to  a  solution  of  the  nitrate,  as  a  yellow  liquid,  which,  when  evaporated 
over  the  water-bath,  crystallizes  in  white  nacreous  laminse,  easily  soluble 
in  water  and  in  alcohol.  The  aqueous  solution  quickly  decomposes,  and, 
when  mixed  with  silver  nitrate,  yields  a  gray  precipitate  of  CjHjNj.OAg, 
and  similar  precipitates  with  mercury,  lead,  zinc,  and  other  metals.  On 
adding  acetic  acid  to  a  solution  of  the  potassium-compound,  a  heavy  oil 
is  precipitated,  probably  consisting  of  diazobenzene  hydroxide, 
C«H5.N,.0H. 

DUzo-amidobenzene,  CgHj.N^.NH.C^Hs,  is  formed  by  the  action  of 
nitrous  acid  on  aniline  dissolved  in  alcohol ;  also  by  mixing  a  solution  of 
diazobenzene  nitrate  with  aniline ;  and  by  gradually  pouring  a  cooled, 
slightly  alkaline  solution  of  sodium  nitrite  on  aniline  hydrochloride.  It 
crystallizes  in  golden-yellow  shining  laminse,  melts  at  91^  C.  (195. 80  F.), 
and  detonates  at  a  higher  temperature.  It  is  insoluble  in  water,  easily 
solablo  in  ether,  benzene,  and  hot  alcohol.  By  nitric  acid  containing 
nitrons  acid,  it  is  convert«jd  into  diazobenzene  nitrate  ;  by  strong  hydro- 
chloric acid,  into  aniline  hydrochloride,  phenol,  and  nitrogen. — ^The  aloo- 
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holic  solution  mixed  with  silver  nitrate  deposits  the  compound  CgH^.N,. 
NAg.CgHg,  in  reddish  needles. 

Diazo-amidobeiizene  does  not  unite  with  acids,  but  its  alcoholic  solution 
mixed  with  a  solution  of  platinio  chloride  in  hydrochloric  acid,  yields  the 
platinochloride,  (Ci2H|iN8.HCl),.PtCl4,  in  reddish  needles. 

Diazo-amidobenzene  in  alcoholic  solution,  especially  if  in  contact  with 
a  small  quantity  of  aniline  hydrochloride,  gradually  changes  into  the 
isomeric  compound,  amidazobenzene,  CeU5.N3rN.CgH4.NH,  (p.  852). 

Diazobenzene-dimethylamide,  CqH^.Ns.NCCH,),,  formed  by  mixing  the  aque- 
ous solutions  of  diazobenzene  nitrate  and  dimethylamine,  is  a  yellow,  oily 
liquid,  having  weak  basic  properties,  and  forming  unstable  salts,  which 
in  aqueous  solution  are  easily  resolved  into  phenol,  nitrogen,  and  salts  of 
dimethylamine. 

Diazobenzene-eihylamidet  Cgll^,^2'^^(S^t^5)i  resembles  the  dimethyl  com- 
pound, and  is  formed  in  a  similar  manner. 

Diazobenzenimide,  CgHgN,,  probably  C^H j ^N ^N   is  formed  by 

the  action  of  aqueous  ammonia  on  diazobenzene  perbromide  : 
CgHjNjBrj    +    4NH,    =    SNH^Br    +     CgH^Nj . 

It  is  a  yellow  oil,  insoluble  in  water,  distilling  without  decomposition  in 
rarefied  air  and  in  vapor  of  water,  dissolving  without  alteration  in  nitric 
and  sulphuric  acid.  Treated  in  alcoholic  solution  with  zinc  and  hydro- 
chloric acid,  it  is  resolved  into  ammonia  and  aniline : 

CgHfiN,    +    4n,    =    2NH,    -f    CgHj.NH, . 

The  diazo-oompounds  of  higher  orders,  e.  ^.,  diazotoluene  nitrate,  C^Hf. 
N2.NO3,  diazo-amidotolueney  C^Hf.Nj.NH.C^H,,  etc.,  are  analogous  to  the 
diazo-benzene  compounds  ;  but  they  have  not  been  much  examined. 


HTDRAZIir-COHFOUirDS. 


Phenyl-hydrazin,  C^HgN,  =  CgHij—NH— NH,.— When  diazo- 
benzene nitrate  is  added  to  a  cold  solution  of  acid  potassium  sulphite,  the 
liquid  solidifies  to  yellow  crystals  of  potassium  diazobenzene  sulphonate, 
CftHgNjSOjjK,  or  CgH^— N^IN— -SOjK  ;  this  salt,  heated  on  the  water-bath 
with  excess  of  acid  potassium  sulphite,  is  converted  into  colorless  phenyl 
hydrazinsulphonate,  C^Hg — ^NH — ^NH — SO3K,  which  is  also  formed 
by  heating  the  former  salt  with  zinc-dust  and  hydrochloric  acid  ;  and  this 
colorless  salt  heated  with  hydrochloric  acid  yields  the  hydrochloride 
of  phenyl-hydrazin,  according  to  the  equation  : 

CjHj.NjHj.SOjK  +  HCl  -f-  H^O  =  CaH5.N2H5.HCl  -f  SO4KH  . 

It  is  more  easily  obtained  (together  with  aniline  or  diethylamine),  by 
treating  an  alcoholic  solution  of  diazo-amidobenzene  or  diazobenzene- 
diethylamine  with  zinc-dust  and  acetic  acid. 

Phenyl-hydrazin  is  a  yellow  oil,  which  solidifies  at  low  temperatures  to 
a  crystalline  mass,  meltinff  at  23©  C.  (73.40  F.),  and  boiling  at  233Q-2340 
C.  (451.40-453.20  F.).  It  dissolves  sparingly  in  cold  water,  more  readily 
in  hot  water,  very  easily  in  alcohol  and  other.  It  possesses  strong  reduc- 
ing properties,  and  is  a  mono-acid  base,  forming  well-crystalliz^  salts. 
Its  hydrochloride,  treated  with  potassium  nitrite,  yields  the  nitroso- 
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oomponnd,  CeH5.N(N0).NHj,  which,  when  heated  with  water,  is  converted 
into  diazobenzenimide,  CfUgN,.  The  nitroso-compound,  treated  with 
phenol  and  strong  sulphuric  acid,  yields  a  brown  solution  changing  to 
green  and  blue  (Liebermann's  reaction,  p.  863). 


SULPHO-DERIVATIVES. 


The  snlpho-acids  of  the  aromatic  hydrocarbons  are  easily  formed  by 
the  direct  action  of  sulphuric  acid,  concentrated  or  fuming,  on  these  hydro- 
carbons ;  thus : 

CeH.    +    BOA    =    C,Hj.SO.H    +    H,0 ; 

Benzenesalphonio 
aoid. 

CA    +  2SO4H,    =  CeH^CSO-H),  +  2n,0 . 

Benzene-dlsulphonio 
aoid. 

•In  this  respect  they  differ  from  the  snlpho-acids  of  the  fatty  group,  which 
can  be  formed  only  from  sulphites  or  from  thio-alcohols  (p.  554). 

The  aromatic  hydrocarbons  treated  with  sulphuric  anhydride  yield 
Bulphoxides : 

2CeH,    +    SO,    =    (C«H5),S0,    +    H,0 . 

Benzene 
Bulphoxide. 

The  sulpho-acids  treated  with  phosphorus  pentachloride,  or  their  salts 
treated  with  the  oxychloride,  yield  the  sulphochlorides  or  chlor- 
anhydrides  of  the  sulphonic  acids ;  e,g,f 

CeH5.SO2.OH    +    Pa^  =    C,H5.S0j.Cl    +    POClj    +    HCl; 

SCCjHj.SOj.OK)   +  POa,  =    SCCgHj.SOj.Cl)     4-     PO^K, ; 

and  the  sulphochlorides  treated  with  sodium-amalgam  in  ethereal  solution, 
are  converted  into  sulphinic  acids  (p.  555)  : 

C,H5.S0,.C1    +     H,    =    C,H6.S0,H    +    HCl. 

The  sulphinic  acids,  or  rather  their  zinc-salts,  are  also  formed  by  the 
action  of  the  zinc-compounds  of  the  alcohol- radicles  on  the  sulpho-chlo- 
rides ;  e.  g.f 

2(CgHj.S0,.a)     +    Zn(C,H5),    =    2CJH5CI    +     (CeH5S0.,)aZn . 

By  zinc  and  hydrochloric  aoid,  on  the  other  hand,  the  sulpho-chlorides 
are  reduced  to  hydrosulphides  or  thiophenols: 

CeHj.SOja    +     3H,    =    CeHj.SH    +     2HjO    +     HQ . 

The  aromatic  sulpho-acids,  like  those  of  the  fatty  group,  are  very  stable 
compounds,  not  decomposed  by  boiling  with  alkalies.  By  fusion  with 
caustic  alkalies  they  yield  phenols: 

CjH^.SOsK    +     KHO    =    C^Hj.OH    +     SOjK, . 

By  distillation  with  potcusium  cyanide  (or  the  dry  ferrocyanide),  they  yield 
nitrils: 

C.Hj.SOjK    -f     CNK    =    CjHjj.CN    +     SO,K, . 

72* 
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The  free  acids  subjected  to  dry  distillation  yield  hydrocarbons;  ben- 
zene-Bulphoxide,  or  its  homologues,  being  formed  at  the  same  time ;  thus : 

C,H5.S0,H    =    C,H«    +     SO,, 
and 

2C,H,    +    SO,    =    (CeH5),S0,    +     H,0 . 

The  sulphonic  acids  of  the  substituted  hydrocarbons  are  obtained  by  the 
action  of  sulphuric  acid  on  these  bodies,  or  by  the  action  of  halogens,  or 
of  nitric  acid,  on  the  sulpho-acids  of  the  primary  hydrocarbons ;  in  the 
latter  case  the  sulpho-group  is  also  frequently  replaced.  The  sulpho-group 
may  also  be  replaced  by  chlorine,  by  heating  a  sulpho-acid  or  sulphochlo- 
ride  with  phosphorus  peutachloride : 

CeH^CLSOjCl    +    PCI5    =»    CeH^Cl,    +    POCl,    +    SOCl,. 

Benzenesnlphonlo  Aoid,  CgHj.SOgH,  is  produced  by  heating 
benzene  with  an  equal  weight  of  ordinary  sulphuric  acid.  On  diluting 
the  resulting  solution  with  water,  neutralizing  with  barium  or  lead  carbo- 
nate, decomposing  the  resulting  barium  or  lead-salt  with  sulphuric  acid, 
or  hydrogen  sulphide,  and  evaporating  the  filtrate  to  the  crystallizing 
point,  benzenesulphonio  acid  is  obtained  in  small  deliquescent  tabular 
crystals,  containing  CgHj.SO,!!  -|-  1^H,0,  easily  soluble  in  water  and  in 
alcohol.  By  dry  distillation  it  yields  benzene ;  by  fusion  with  potash, 
phenol.  Its  barium  salt^  (fi^^O^fi^  -\-  H,0,  forms  nacreous  plates,  easily 
soluble  in  water.  The  zinc-scUt,  (CQH.S0,)2^n  -)*  6H,0,  crystallizes  in  six- 
sided  tables.  The  ethylic  ether,  CqHjSOs.CjIIj,  obtained  by  heating  the  lead 
salt  to  1000  with  ethyl  iodide,  forms  slender  needles,  decomposed  by  boil- 
ing with  water. 

Benzene-sulphochloride,  C^Hj.SOjCl,  separates,  on  gently  wanning 
an  intimate  mixture  of  sodium  benzenesulphonate  and  phosphorus  peuta- 
chloride, and  then  shaking  it  up  with  water,  as  a  colorless  oil  having  a 
specific  gravity  of  1.378  at  230  C.  (73.40  P.),  boiling  with  partial  decom- 
position at  24()0-2470  C.  (474.80-476.b'0  P.),  and  solidifying  below  (P  in 
large  rhombic  crystals.  Boiling  water  slowly  decomposes  it  into  benzene- 
sulphonio and  hydrochloric  acids. 

Benzenesnlphamlde,  C^Hj.SOj.NHg,  formed  by  treating  the  snlpho- 
chloride  with  ammonia  or  ammonium  carbonate,  crystallizes  from  alcohol 
in  nacreous  laminsB  melting  at  14d^^  C.  (300.20  p.).  Silver  nitrate  added 
to  its  alcoholic  solution  throws  down  the  compound  C^II^SO^.NHAg. 

Benzeneanlphlnio,  or  BanzeDeBulphnrons  Aoid,  CeH^.SO^.OH, 
formed  by  the  action  of  sodium-amalgam  on  the  ethereal  solution  of  ben- 
zenes ulphonic  acid,  crystallizes  from  hot  water  in  large  shining  prisma, 
easily  soluble  in  alcohol  and  ether,  melting  at  69©  C.  (156.20  p.),  and 
decomposing  at  lOOO.  With  chlorine  or  bromine  it  forms  benzene  sulpho- 
chloride  or  bromide,  and  is  converted  slowly  by  exposure  to  the  air, 
quickly  by  oxidizing  agents,  into  benzenesulphonio  acid.  The  sUver  saitf 
C,H,.S02.Ag,  is  slightly  soluble  in  water. 

Phenyl  Sulphoxlde,  or  Salphobenside,  (O0H5),S4O„  is  formed  by 
dry  distillation  of  benzenesulphonio  acid,  by  oxidation  of  phenyl  snlphide, 
(Cjiy^jS,  and  by  the  action  of  fuming  sulphuric  acid  or  sulphuric  anhy- 
dride on  benzene.  It  is  very  slightly  soluble  in  water,  crystallizes  from 
alcohol  in  plates,  melts  at  1280.129O  C.  (262.40^264.20  P.),  and  distils 
without  decomposition.     By  heating  with  strong  sulphuric  acid,  it  is  oon- 
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Terted  into  benzenesulphonic  acid,  (CeH5)2SO,  +  SO^H,  =  2(C,Hj.S0gH); 
and  when  heated  with  phosphorus  pentachloride  or  in  a  stream  of  chlo- 
rinoi  it  is  decomposed,  with  formation  of  chlorobenzene  and  benzenesulpho- 
chloride  :— 

(CeH^):^©,    +    CI,    =    CeHjCl    +    C,Hj.SO,Cl. 

The  action  of  chlorine  in  sunshine  also  converts  it  into  chlorobenzene  and 
its  products  of  addition. 

Phenyldisulphozide,  iC^^^)^2^iy  produced,  together  with  ben- 
zenesulphonic acid,  by  heating  benzenesulphinic  acid  with  water  to  13(P 
C.  (26UO  F.)i  crystallizes  in  long  shining  needles,  melting  at  lOOO,  in- 
soluble in  water,  easily  soluble  in  alcohol  and  ether. 

Chloro-,  Bromo-,  lodo-,  Nitro-,  and  Amido-benzeneBulphonlo 
Acids,  CeH^Cl.SOsH,  etc.— The  sulpho-acids  formed  by  dissolv  ing  Cq^s^^ 
CfHjBr,  CgHJ,  and  C^H^NH,,  in  slightly  fuming  sulphuric  acid,  belong 
chiefly  to  the  para-series  (1  :  4),  e.  g.^  C^.SOgH.H.H.Br.U, ;  nitrobenzene, 
on  the  other  hand,  yields  by  similar  treatment  a  product  consisting  also 
wholly  of  me^o-nitrobenzenesulphonic  acid,  C^.SOg.H.NO,.!!,.  The  action 
of  bromine  or  nitric  acid  on  benzenesulphonic  acid  yields  likewise  a  pro- 
duct consisting  chiefly  of  the  meta-acid.  All  these  bodies  are  strong  mono- 
basic acids,  which  mostly  crystallize  well,  dissolve  easily  in  water,  and 
yield  well-crystallized  salts,  chlorides,  and  amides. 

Para-amidchenzenetulphonic  add,  long  known  by  the  name  of  sulpha- 
nilic  acid,  is  produced  by  the  action  of  sulphuric  acid  on  aniline,  also 
by  distillation  of  phenolsulphate  or  of  ethylsulphate  of  aniline  : 

It  ciystallizes  from  water  in  rhombic  tables  containing  one  mol.  H,0  ; 
yields,  by  oxidation  with  chromic  acid  or  with  manganese  dioxide  and 
sulphuric  acid,  a  large  quantity  of  quinone,  C^H^O, ;  and  is  con- 
verted   by    nitrous    acid    into    diazobenzene -sulphonic    acid, 

CjH^-^SpjLj-^  ,  which  crystallizes  from  hot  water  in  colorless  needles  ; 

detonates  with  great  violence,  and  is  converted  into  benzenesulphonic 
acid  by  heating  with  absolute  alcohol,  and  into  sulphanilic  acid  by  the 
action  of  hydrogen  sulphide. 

Benzenedisiilphonio  Acids,  CeH4<^Q'jj  . — ^The  meia-  and  para- 

modiflcations  of  this  acid  are  obtained  by  heating  benzenesulphonic  acid 
with  fuming  sulphuric  acid,  or  more  readily  by  passing  benzene  vapor 
into  ordinary  sulphuric  acid  heated  to  240O  C.  (4640  F.).  They  are  both 
yery  soluble  in  water,  but  may  be  separated  by  fractional  crystallization 
of  their  potassium  salts.  The  m«/a-acid,  which  is  the  principal  product, 
yields  a  chloride,  CeH^CSOjCl),,  melting  at  630  C.  (146.4P  F.),  and  an 
amide,  C,H4(S0.,.NHj)y  melting  at  2290  C.  (444.20  F.).  By  distillation 
with  potassium  cyanide,  it  yields  a  dicyanide,  C<,H4(CN)„  melting  at  1560 
C.  (312.80  F.),  and  convertible  by  the  action  of  alkalies  into  metaphthalio 
or  isophthalic  acid,  CqH^CCOjH),. 

Ihra-benzenediitfilphonic  acid  forms  a  chloride  melting  at  1310  c.  (267.80 
F.),  and  an  amide  melting  at  2880  C.  (550.4P  F.).    By  distillation  with 
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potassium  cyanide  it  yields  a  dicyanide,  melting  at  2220  C.  (431. GO  F.)i 
and  convertible  into  terephthalio  acid,  CgH^(C0jU)2  (1:4). 

Bensenetrlsolphonio  Aoid,  CfH,(S03H),. — ^The  only  known  modifi. 
cation  of  this  acid  is  obtained  by  heating  a  miicture  of  10  partb  benzene, 
70  fuming  sulphuric  acid,  and  40  phosphoric  anhydride  in  sealed  tubes 
to  280O-290O  C.  (5360-5540  p.).  Separated  from  its  lead  salt  by  hydro- 
gen  sulphidci  it  crystallizes  in  long  flat  needles  containing  3  mol.  H^O.* 

Tolaenesulphonio  Acids,  ^6^i<Cso'H  '  —  '^^^  /Nznz-  and 
orMo-modifications  are  produned  simultaneously  by  dissolving  toluene  in 
slightly  fuming  sulphuric  acid,  and  may  be  approximately  separated  by 
fractional  crystallization  of  their  potassium  salts,  the  para-salt  separating 
out  first,  and  crystallizing  easily  in  large  transparent  six-sided  tables  or 
prisms  containing  1  mol.  H,0.  The  ortho-ealt  separates  from  the  mother- 
liquor  mixed  with  para-salt,  from  which  it  is  not  easily  purified.  The 
para-Acid    crystallizes   in  deliquescent    scales    containing  1    mol.   H,0.  i 

Its  chloride,  CtH,(S02C1)„    melts    at    690  C.  (156.20  p.).     The    amide,  ' 

C,H,(SO,NH,)j,  at  137©  C.  (278.60  P.).  Pused  with  potash  it  yields 
paracresol,  CgH4(CH3).OH,  and  a  small  quantity  of  paraoxybenioio 
acid. — ^The  orMo-acid,  which  may  be  obtained  pure  by  decomposing  its 
amide  with  nitrons  acid,  is  liquid.  Its  amide  crystallizes  from  hot  alcohol 
in  shining  octohedrons,  melting  at  1530-154P  C.  (307. 40-309.20  p.).  The 
acid  fused  with  potash  yields  ortho-cresol  and  ortho-oxybenzoic  (salioylic} 
acid. 

Metatoluenesulphonic  acid,  Cg.CHj.H.SOgH.Hj,  is  obtained  by  the  action  of 
sodium-amalgam  on  the  orthochloro-  (or  bromo-)  toluene-sulphonic  acid, 
Cg.CHj.Br.SOjH.H,,  which  is  formed  by  dissolving  orthochloro-  (or  bromo-) 
toluene  in  sulphuric  acid.  It  is  crystalline.  Its  chloride  Is  a  liquid  not 
solidifying  at  — lOO  C.  (140  p.)  ;  the  amide  is  crystalline,  and  melts  at  91Q- 
920  C.  (195.80-197.00  p.). 

A  large  number  of  substituted  toluencsulphonio  acids  have  been  ob- 
tained by  dissolving  chlorotoluene,  bromotoluene,  etc.,  in  sulphuric  acid. 
Para-  and  ortho-toluenesulphonic  acid  heated  with  fuming  sulphuric  acid 
yield  two  modifications  of  toluenedisulphonic  acid,  CeU,(SO,H),. 
CHj. 

Benzylsnlphonio  Acid,  CcHg.CH,(SOsH). — The  potassium-salt  of 
this  acid  is  formed  by  heating  benzyl  chloride  with  a  strong  solution  of 
potassium  sulphite. 


AROMATIC  ALCOHOLS. 


The  substitution  of  OH  for  H  in  benzene  gives  rise  to  mono-,  di-,  and 
tri-atomic  derivatives  of  alcoholic  character,  viz. : 

C.H,(OH)  CeH,(OH),  CeH,(OH), . 

In  toluene  and  the  higher  homologues  of  benzene  the  substitution  may- 
take  place  either  in  the  principal  or  in  the  lateral  chains,  giving  rise  to 
metameric  compounds  :  thus  from  toluene,  C^Uj.CH,,  are  derived 

•Koerner  e  Monselise,  Qazetta  chimloa  italUoa,  1878,  p.  133. 
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CaH.  (OH)  .CHj  CeHj.CHjOH , 

OrefloL  Benzyl  aieohoL 

and  firom  xylene,  CsH^CCH,), : 

C,H.(OH)<CH.  C.H.<C^Og 

Xylenol.        ^  Xylyl  alcohol. 

Those  compounds  in  which  the  suhstitntion  takes  plac<^  in  the  lateral 
chainSi  are  primary  alcohols,  containing  the  group  CUjOU,  and,  like  the 
corresponding  alcohols  of  the  fatty  series,  are  convertible  by  oxidation  into 
aldehydes  and  acids  containing  the  same  number  of  carbon-atoms,  and 
readily  exchange  their  OU  group  for  CI,  Br,  NH,,  etc.,  giving  rise  to  haloid 
derivatives  and  amines.  Those,  on  the  other  hand,  in  which  the  Oil  is 
situated  in  the  principal  chain,  are  not  convertible  by  oxidation  into  alde- 
hydes, ketones,  or  acids,  in  which  respect  they  are  analogous  to  the  ter- 
tiary alcohols. 

These  latter  compounds,  including  the  hydroxyl-derivatives  of  benzene, 
are  called  Phenols.  They  are  susceptible  of  isomeric  modifications,  ac- 
cording to  the  orientation  of  the  substituted  radicles  in  the  benzene-nucleus. 


Monatomio  Phenols. 


These  compounds  are  produced :  1.  By  the  action  of  nitrous  acid  on 
aniline  and  its  homologues  in  aqueous  solution  : 

C^Hs.NH,    +     NO.OH    =    CeHj.OH    +    Bfi    +    N,. 

2.  By  decomposing  the  diazo-compounds  with  water,  the  sulphates  being 
the  best  adapted  for  the  purpose  (p.  854). 

3.  By  fusing  the  aromatic  sulphonic  acids  with  caustic  alkalies : 

Toluene-sulphonate.  Oresol. 

4.  By  distilling  the  salts  of  aromatic  oxy-acids  with  lime. 

CeH^(OH).CO,H     =    CO,    +     C-H5.OH . 
Oxy benzoic  add.  rtaenoL 

5.  By  the  dry  distillation  of  complex  organic  substances,  such  as  wood 
and  coal. 

The  phenols  exhibit  acid  as  well  as  alcoholic  characters.  When  treated 
with  metallic  oxides,  especially  those  of  the  alkali-metals,  they  readily 
exchange  their  hydroxylic  hydrogen  for  metals,  forming  metallic  salts,  and 
these,  when  acted  upon  by  alcoholic  iodides  are  converted  into  phenolic 
ethers ;  e.  g., 

C.H5.OK    -(-     CH,I    =    KI    +    C.H^.O.CH,. 

Potassium  Methyl-phenoL 

pheaate. 

Phenolic  ethers  containing  acid-radicles,  such  as  CjHj.O.OCjHgO,  are 
formed  by  the  action  of  the  chlorides  of  such  radicles  on  the  phenols  and 
their  metallic  derivatives. 

By  the  action  of  the  halogen-compounds  of  phosphorus,  the  phenols  are 
converted,  by  exchange  of  their  OH-group  for  CI,  Br,  etc.,  into  halogen- 
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derivatives  of  hjdrooarbons,  such  as  CQH5CI.      By  phosphorus  penta- 
salphide,  they  are  converted  into  thiophenols: 

SCeHjCOH)    +     PA    «    PA    +    6CeH^(SH). 

By  heating  with  zino-dust  the/  are  reduced  to  hydrocarbons. 

By  treatment  with  chlorine,  bromine,  iodine,  nitric  acid,  and  sulphuric 
acid,  the  phenols  are  converted  into  halogen-,  nitro-,  and  sulpho-deriva- 
tives,  by  exchange  of  one  or  more  atoms  of  hydrogen  in  the  benzene-nucleus 
for  CI,  Br,  I,  NO,,  or  SO,H ;  thus : 

CjHj.OH    +        CI,      =     HCl    +     CeH^a.OH. 

Ohlorophenol. 

CeHj.OH    +     SO.H,    =    H,0    +    C,H4<^^^h  ' 

PheaolBulphonic 
aold. 

Phenols  treated  with  metallic  sodium  and  carbon  dioxide  are  converted 
into  salts  of  aromatic  oxy-acids  : 

CjH;.OH    +    CO,    =    C«H4(0H),C0,H  . 
Phenol.  Oxy benzoic  acid. 

The  monatomic  phenols  at  present  known  contain  (>,  7,  8,  and  10  atoms 
of  carbon. 

Slz-carbon  Phenol,  pr  simply  Phenol,  CgH^O  =  CgHjOH. 
— Pkenyl  alcohol j  Pkenic  acid^  Carbolic  acidf  Coal-tar  cre<wo/c.-— This  com- 
pound is  produced  :   1.  By  the  action  of  nitrous  acid  on  aniline. 

2.  By  the  dry  distillation  of  salicylic  (ortho-oxybenzoic)  acid.  It  may 
be  conveniently  prepared  by  heating  crystallized  salicylic  acid  strongly 
and  quickly  in  a  glass  retort,  either  alone  or  mixed  with  pounded  glass  or 
quicklime.  Phenol  then  passes  over  into  the  receiver,  and  crystallises 
almost  to  the  last  drop. 

3.  Phenol  is  produced  in  the  dry  distillation  of  coal,  and  forms  the 
chief  constituent  of  the  acid  portion  of  coal-tar  oil ;  this  is  the  source 
from  which  it  is  most  frequently  obtained.  Crude  coal-tar  oil  is  agilated 
with  a  mixture  of  slaked  lime  and  water,  the  whole  being  left  for  a  con- 
siderable time ;  the  aqueous  liquid  separated  from  the  undissolved  oil  is 
decomposed  by  hydrochloric  acid,  and  the  oily  product  thus  obtained  is 
purified  by  cautious  distillation,  the  first  third  only  being  collected.  Or 
the  coal-tar  oil  is  subjected  to  distillation  in  a  retort  furnished  with  a 
thermometer,  and  the  portion  which  passes  over  between  the  temperature 
of  150O  and  200O  C.  (3020-3920  F.)  is  collected  apart.  This  product  is 
then  mixed  with  a  hot,  strong  solution  of  caustic  potash,  and  left  to  stand, 
whereby  a  whitish,  somewhat  crystalline,  pasty  mass  is  obtained,  which, 
by  the  action  of  water,  is  resolved  into  a  light  oily  liquid,  and  a  dense 
alkaline  solution.  The  latter  is  withdrawn  by  a  siphon,  decomposed  by 
hydrochloric  acid,  and  the  separated  oil  purified  by  contact  with  calcium 
chloride,  and  redistillation.  Lastly,  it  is  exposed  to  a  low  temperature, 
and  the  crystals  formed  are  drained  from  the  mother-liquid,  and  carefully 
preserved  from  the  air. 


mass,  which  turns  reddish  in  a  short  time,  and  in  contact  with  moist  air 
deliquesces  to  a  brown  liquid.  Phenol  has  a  penetrating  odor,  a  strong 
burning  taste,  and  attacks  the  skin  of  the  lips.  It  is  poisonous,  exerts  an 
antiseptic  action,  and  has  been  successfully  used  by  Mr.  Crookes  for 
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destroying  the  infection  of  cattle-plague.  It  dissolves  in  about  15  parts 
of  water  at  ordinary  temperatures,  very  easily  in  alcohol  and  ether. 
Sulphur  and  iodine  dissolve  in  it ;  nitric  acid,  chlorine,  and  bromine 
attack  it  with  energy,  forming  substitution-products,  all  of  which  are  of 
acid  character.  With  strong  sulphuric  acid,  it  forms  phenolsulphonic 
acid,  C,H4(0H).S0,H.  The  aqueous  solution  is  colored  violet  by  ferric 
chloride,  and  stains  a  deal  shaving  of  a  fine  blue  color.  With  bromine- 
water,  even  when  very  dilute,  it  forms  a  white  precipitate  of  tribromo- 
phenol. 

On  adding'phenol  to  nitric  acid  containing  nitrous  acid,  or  to  a  solution 
of  potassium  nitrite  (6  per  cent.)  in  strong  sulphuric  acid,  a  brown  color 
is  produced,  changing  to  green,  and  ultimately  to  a  fine  blue  (Lieber- 
mann's  reaction),  fi^ne  colors  are  produced  in  like  manner  with  other 
phenols,  mono-  and  poly-atomic :  also  by  phenols  in  presence  of  sulphuric 
acid  with  diazo-  and  nitroso-compounds. 

Phbnatbs. — Phenol  dissolves  in  alkalies,  forming  salts  which  are  diffi- 
cult to  obtain  in  definite  form.  Potassium  phetiatey  CgU^KO,  obtained  by 
heating  phenol  with  potassium,  or  with  solid  potassium  hydroxide,  crys- 
tallizes in  slender  white  needles.  On  heating  this  potassium-compound 
with  iodide  of  methyl,  ethyl,  or  amyl,  ethers  are  producer! — viz.,  methyl 
phenate  or  anisol,  CjHjOCHj  ;  ethyl  phenate  or  phenetol,  CgHjOCjHj,  and 
amyl  phenate  or  phenamylol,  CeHjOCgHu.  These  bodies  resemble  the 
mixed  ethers  of  the  ordinary  alcohols  (p.  552)  in  composition  and  mode 
of  formation,  but  differ  greatly  from  them  in  their  behavior  with  sulphuric 
and  nitric  acids,  with  which,  in  fact,  they  behave  just  like  phenol  itself, 
forming  substitution-products  possessing  acid  properties. 

Methyl  Phenate  or  Anisol,  C,H,0  =s  CgH^.O.CHj,  is  also  pro- 
duced, with  evolution  of  carbon  dioxide,  by  distilling  methyl-salicylic 
acid  or  anisic  (methyl-paraoxy benzoic)  acid  with  baryta : 

C,H/OCH,).COj,H    =    CO,    +     CeHj.O.CH,. 

Anisol  is  a  colorless,  very  mobile  liquid,  having  a  pleasant  aromatic 
odor,  a  density  of  0.991  at  150  C.  (590  F.),  and  boiling  without  decompo- 
sition at  1520  C.  (305.60  P.).  It  dissolves  completely  in  strong  sul- 
phuric   acid,   forming    methyl-phenol-sulphonio  or  sulphanisolic    acid, 

CfiHsCCBs)  '^tfQ   u  • — With  bromine  it  forms  three  substitution-products 

—viz.,  CeH^Br.o'.CHj,  a  liquid  boiling  at  223©  C.  (433.40  p.);  CJIgBr^.O. 
CH3,  which  crvstallizes  in  rhombic  tables,  melts  at  590  C.  (138.20  P.),  and 
boils  at  2720^C.  (521. 6O  P.);  and  C.HjBrj.O.CHg,  which  melts  at  87©  C. 
(188.6^  P.),  and  is  subllmable.  By  the  further  action  of  bromine,  tetra- 
bromoquinone  or  bromanil,  CgBr^O,,  is  produced.  Puming  nitric 
acid  acts  strongly  on  anisol,  forming  the  three  nitranisols,  C,H,(N02)0, 
C7H£(N02),0,  and  C7H5(N02)sO,  which  when  treated  with  reducing  agents 
yield  the  corresponding   nitranisidines,  C7H5(NH3)0,  etc. 

Ethyl  Phenate  or  Phenetol,  CgHj.O.CjHj,  obtained  from  phenol, 
and  from  ethylsalicylio  acid,  is  an  aromatic  liquid,  boiling  at  1720  C. 
(341.60  P.).— Amyl  Phenate,  or  Phenamylol  boils  at  2250  C. 
(4370  P.). 

Ethene  Phenate,  CjHXOCgHj)^,  produced  by  the  action  of  ethene 
bromide  on  potassium  phenate,  crystallizes  in  lamins  melting  at  950  C. 
(203O  P,). 

Phenyl  Phenate,  Phenyl  Oxide,  or  Phenolic  Ether, 
C12H10O  ss  (C|H5),0,  formed,  together  with  phenyl  benzoate,  by  the  dry 
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heavy  metals  added  to  this  solution  throw  down  amorphous  dark-colored 
precipitates. 

Nitrosophenol  melts  when  heated,  and  decomposes  with  a  slight  explosion 
at  1200-13000.  (:il8Q-2d60  F.).  By  strong  nitric  acid  it  is  converted  into 
paranitrophenol ;  by  tin  and  hydrochloric  acid  into  paramidophenol  •  by 
riitrous  acid  into  diazobenzene  nitrate : 

CeH,(NO).Ofl  +  3x\0,H  =  C8H,<^.^^,^    +  NO5K  +  11,0. 

3*      s 

With  aniline  acetate  it  yields  diazoxybenzcne,  CgH^(0H).Nj.CjH5. 

On  adding  strong  sulphuric  acid  to  nitrosophenol  dissolved  in  phenol, 
the  solution  assumes  a  dark-red  color,  changing,  on  addition  of  potash,  to 
a  fine  blue. 


Nitrophenola. 


These  componnds,  which  are  all  of  acid  character,  are  easily  formed  by 
direct  nitration  of  phenol. 

Mononitrophenols,  CjH^CNOg)  .OH,  (1 :  2)  and  (1:4),  are  obtained 
by  gradually  adding  1  part  of  phenol  to  2  parts  of  nitrio  acid  (sp.  gr.  1.34), 
dissolved  in  4  parts  of  water.  They  may  bo  separated  by  distillation  with 
water,  as  only  the  ortho-compound  volatilizes  with  the  steam.  The  same 
compounds  are  produced  by  heating  (1  :  2)  and  (1  :  4)  nitrobromobenzene 
in  sealed  tubes  with  alcoholic  ammonia.  The  (1  :  4)  and  (1 : 3)  compounds 
may  be  prepared  by  boiling  the  diazonitrobenzene  nitrates  from  (1:4)  and 
(1:3)  nitroaniline  with  water  ;  the  (1 : 4)  compound  also  by  boiling  para- 
nitraniline  with  very  strong  solution  of  caustic  soda. 

(1  :  2),  commonly  called  volatile  nitroplicndl,  crystallizes  in  large  yellow 
prisms ;  dissolves  sparingly  in  water,  easily  in  alcohol,  and  volatilizes 
easily  with  vapor  of  water  ;  melts  at  450  C.  (1130  F.),  and  boils  at  2140 
C.  (417.20  F.) ;  converted  by  PCI5  into  (1  :  2)  chloronitrobenzene.  Its 
sodium  salt,  CgH4(N02).ONa,  crystallizes  in  dark  red  anhydrous  prisms, 
and  the  methylio  ether,  C,H4(N02).OCll3,  formed  from  it  by  the  action  of 
methyl  iodide,  melts  at  9©  C.  (48.20  p.),  and  boils  at  2650  C.  (509O  F.). 

(1:3)  Nitrophonol  forms  colorless  neeidles,  moderately  soluble  in  water, 
melting  at  9GO  C.  (204.8O  F.). 

(1  :  4)  Nitrophenol  forms  long,  colorless  needles,  melting  at  1150  C. 
(2390  F.)j  converted  by  PCI,  into  (1 :  4)  chloronitrobenzene.  Its  methylio 
ether  melts  at  48^  C.  (II8.40  F.),  boils  at  260O  C.  (500O  F.),  and  is  con- 
verted by  heating  with  anmionia  into  (1  :  4)  nitraniline. 

Dinitrophenol,  CeH3(N0,)j.01I  (1:2:  4— OH  in  1),  is  formed  by 
the  action  of  strong  nitric  acid  on  phenol  and  on  0-  and  />-nitrophenol ; 
also  by  boiling  tlie  corresponding  dinitrochloro-  or  dinitro-bromobt»nzene 
(p.  831)  with  alkalies.     Colorless  plates,  melting  at  1140  C.  (237.20  F.). 

The  consecutive  modification  (1:2:  6— OH  in  1),  formed,  together  with 
the  preceding  from  (1  :  2)  nitrophenol,  crystallizes  in  needles  melting  &t 
630-640  G.  (145.40-147.20  P.). 

Both  these  compounds  are  converted  by  further  nitration  into  picric 
acid. 

Two  other  dinltrophenols,  formed  fk>m  (1  :  3)  nitrophenol,  the  one  melt- 
ing at  1040  C.  (219.20  p.),  the  other  at  141©  C.  (285.80  F.),  are  converted 
by  further  nitration  into  isopicric  acid. 

Trinitrophenols,  CgH3(N02)3.0H. — Two  of  these  compounds  are 
known.  (1)  Picric  acid,  1:2:4:6  (OH  in  1),  also  called  Carbazotic 
arid,  is  formed  by  nitration  of  phenol  and  of  1  :  2  :  4  and  1:2:6  dini- 
trophenol.    It  is  also  one  of  the  ultimate  products  of  the  action  of  xiitrio 
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acid  upon  indigo  and  numerous  other  substances,  as  silk,  wool,  several 
resins,  especially  that  of  Xanthorrhiva  hastilis  (yellow  gum  of  Botany  Bay), 
salicin  and  some  of  its  derivatives,  coumarin,  etc.  It  is  most  economically 
prepared  from  phenol.  One  part  of  that  substance  is  gradually  added  to 
strong  nitric  acid  slightly  warmed,  and  when  the  first  violent  reaction  has 
subsided,  three  parts  of  fuming  nitric  acid  are  added,  and  the  liquid  is 
boiled  till  nitrous  fumes  are  no  longer  evolved.  The  resinous  mass  thus 
produced  is  boiled  with  water ;  the  resulting  picric  acid  is  converted  into 
sodium-salt ;  and  the  solution  mixed  with  sodium  carbonate,  which  throws 
down  the  sodium  picrate  in  crystals. 

Picric  acid  crystallizes  in  yellow  shining  prisms  or  laminae,  having  an 
intensely  bitter  taste.  It  melts  at  122.50  C.  (252.50  p.),  sublimes  when 
cautiously  heated.  It  dissolves  sparingly  in  cold  water,  more  easily  in 
hot  water,  still  more  in  alcohol.  It  stains  the  skin  deep  yellow,  and  is 
used  as  a  yellow  dye  for  wool  and  silk.  It  is  a  strong  acid,  forming  well- 
crystallized  yellow  salts,  which  detonate  violently  when  heated,  some  of 
them  also  by  percussion.  The  potassium  salt,  CgH2(N0j)j,.0K,  crystallizes 
in  long  needles  very  slightly  soluble  in  water.  The  sodium^  ammojiium,  an(J 
barium  salts  are  easily  soluble  in  water. 

Methyl  picrate^  C^\l^(^0,^^,OC\\^y  formed  by  nitration  of  anisol  (p.  863), 
crystallizt^j  in  tables,  which  melt  at  6tP  C.  (14(lO  F.)  and  sublime.  Ethyl 
picrate  forms  colorless  needles,  which  turn  brown  in  the  air,  and  melt  at 
78.5  o  c.  (173.30  F.). 

Iterates  of  Hydrocarbons. — Picric  acid  affords  characteristic  reactions  for 
the  detection  of  certain  hydrocarbons.  For  this  purpose,  it  is  convenient 
to  use  an  alcoholic  solution  of  the  acid  saturated  at  20O-30O  C.  (G80-8()0 
F.),  and  either — (1)  add  the  hydrocarbon  to  the  cold-saturated  alcoholic 
solution  ;  or  (2)  mix  the  picric  acid  solution  with  a  hot  alcoholic  solution 
of  the  hydrocarbon ;  or  (3)  dissolve  the  hydrocarbon,  with  aid  of  heat, 
in  the  picric  acid  solution.  The  following  combine  under  these  circum- 
stances with  picric  acid:  Naphthalene  is  the  only  solid  hydrocarbon  whose  cold- 
saturated  alcoholic  solution  is  precipitated  by  picric  acid.  The  compound 
forms  delicate  stellate  groups  of  yellow  needles,  easily  soluble  in  alcohol. 
Rctency  treated  by  method  2  or  3,  forms  similar  needles  of  an  orange-yellow 
color.  Anthracene  also  forms  ruby -colored  needles  still  more  soluble  than 
the  preceding ;  the  red  alcoholic  solution  is  decolorized  by  addition  of  a 
little  more  alcohol.  Other  liydrocarlwns  contained  in  crude  anthracene 
exhibit  the  same  reaction,  which  appears  to  be  peculiar  to  anthracene  and 
its  homologuos.  They  may  be  distinguished  from  one  another  by  the 
appearance  of  the  precipitates  under  the  microscope. 

Picric  acid  is  converted  by  PtClj  into  trinitrochlorobenzene, 
C«H2(N02):,C1,  which  is  reconverted  into  picric  acid  by  boiling  with  water. 
Picric  acid  distilled  with  calcium  hypochlorite,  or  a  mixture  of  potassium 
chlorate  and  hydrochloric  acid,  yields  chloropicr  in,  C(N02)Cl3  ;  and 
with  calcium  hypobromite,  bromopiorin,  C(N02)Br,  (p.  527). 

Isopicric  acid,  C^Ti^{^0^\.OT{ ,  formed  by  the  action  of  fuming 
nitric  acid  on  metanitrophenol,  crystallizes  from  hot  water  or  from  nitric 
acid  in  light  yellow  prisms,  melting  at  1740  C.  (345.20  p.).  It  stains  the 
Bkin  yellow. 

Picrocyamic,  or  Taopurpuric  acid,  CfP^'^fif^,  not  known  in  the 
free  state,  is  formed,  as  a  potassium  salt,  CgH^NjOgK,  by  dropping  a  hot 
solution  of  picric  acid  (1  part  in  9  of  water)  into  a  solution  of  potassium 
cyanide  (2  parts  CNK  in  4  of  water)  heated  to  6()0  C.  (140^  F.).  This 
salt  crvstallizes  in  brown-red  scales,  having  a  green  metallic  lustre,  spar- 
ingly soluble  in  cold  water,  dissolving  in  hot  water  and  in  alcohol  with 
deep-red  color  (test  for  hydrocyanic  acid  and  metallic  cyanides) .  Detonates 
strongly  when  heated. 
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The    dinitrophenols    treated  with    potassium    cyanide    jield    similar 
derivatives. 

Nitrohalofd  derivatives  of  phenol^    C,HjCl(NO,).OH,  etc.,  are 
produced  by  the  action  of  halogen  elements  on  the  nitrophenols. 


Amidophenols. 


These  compounds  are  formed  by  the  action  of  reducing  agents  on  the 
nitrophenols,  the  di-  and  tri-nitrophenols  being  partially  reduced  by  alco- 
holic ammonium  sulphide,  completely  by  tin  and  hydrochloric  acid.  The 
entrance  of  the  NH,  group  into  the  molecule  considerably  weakens  the 
acid  character  of  the  compound,  and  when  it  replaces  the  whole  of  the 
nitro-groups,  the  compound  becomes  basic. 

Monoamidophenols,  C5H4(NH2).OH. — The  ortho-  and  para-oom- 
pounds  are  formed  by  reduction  of  the  corresponding  nitro-  or  uitroso- 
componnds,  best  with  tin  and  hydrochloric  acid  :  the  /^-compound  also  by 
distillation  of  amidosalicylic  acid. — (1  :  2)  amidophenol  forms  colorless 
rhombic  scales ;  (1  :  4)  colorless  needles,  which  soon  turn  brown.  Both, 
are  slightly  soluble  in  cold  water,  more  easily  in  alcohol,  and  form  well 
crystallized  salts  with  acids  ;  o-  melts  at  17(P  C.(3380  F.),  />-,  with  decom- 
position, at  1840  C.  (363.20  F.).  "  \ 

Amidonitrophenol  or  Picramlc  acid,  C,Hj(NH,)(NO,),.OIT.— 
The  ammonium  salt  of  this  acid,  formed  by  passing  hydrogen  sulphide  into 
an  alcoholic  solution  of  ammonium  picrate,  crystallizes  in  red  needles, 
and  is  decomposed  by  acetic  acid,  yielding  the  free  acid,  which  also  forms 
red  needles  melting  at  1G50  C.  (3290  p.). 

Tri- amidophenol,  CqH,(NH2)s.0H,  is  a  triacid  base  not  known  in 
the  free  state.  Its  hydriodide^  C^NjCN  112)3011. 3111,  obtained  by  the  action 
of  iodine  and  phosphorus  on  a  hot  saturated  solution  of  picric  acid,  forms 
easily  soluble  colorless  needles. — The  hydrochloride^  CgHj(NH,)j011.3HCl, 
obtained  by  decomposing  picric  acid  with  tin  and  hydrochloric  acid,  and 
treating  tlie  resulting  staunochloride,  which  separates  on  oooling,  with 
hydrogen  sulphide,  crystallizes  in  needles  easily  soluble  in  water,  spar- 
ingly in  strong  hydrochloric  acid.  From  these  salts  the  base  cannot  be 
separated  without  decomposition.  The  solution  of  the  hydrochloride 
mixed  with  ferric  chloride  acquires  a  deep-blue  color,  and  if  concentrated 
deposits  the  hydrochloride  of  amido-diimidophenol, 
/NH, 

•   *^      ''\j^,,^  ,  in  yellow-brown  needles,  having  a  blue  shimmer  in 

reflected  light,  and  dissolving  in  water  with  a  fine  blue  color. 

Diazophenol  (/xira).— -The  mVra/«,  CjH^-^^ — v_\o  '  ^  formed, 

together  with  o-  and  p-nitrophf*nol,  by  passing  nitrous  acid  into  an  ethe- 
real solution  of  plienol  or  nitrosophenol  cooled  with  ice.  It  crystallizes 
in  light- brown  needles.  The  other  salts  of  this  base,  which  also  crystal- 
lize well,  are  obtained  by  passing  nitrous  acid  into  the  solutions  of  the 
corresponding  salts  of  p-amidophenol.  The  salts  of  ortho-diazophenol 
are  obtained  in  like  manner.  All  these  salts  are  analogous  in  their  reac- 
tions to  the  diazobuuzune  salts. 
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Phenol -8 ul phonic  acids. 

Phenol  dissolves  easily  in  strong  sulphuric  acid,  forming  ortho-  and 
^ara-pheuolsulphonic  acid,  C8H^(OH).SOsU.  At  ordinary  temperatures, 
the  or^Ao-acid  is  almost  the  only  product,  but  it  easily  changes  into  tue 
j9ara-acid  when  heated.  The  two  acids  may  be  separated  by  fractional 
crystallization  of  their  potassium  salts,  the  /)-6alt  separating  out  first  in 
elongated,  hexagonal  tables,  which  are  anhydrous.  The  mother-liquors 
yield  the  o-salt  in  long  colorless  spicules,  containing  2Wfi,  Most  of  the 
other  salts  of  the  p-acid  are  less  soluble  than  the  corresponding  o-salts. 
The  two  acids  are  not  known  in  the  free  state.  The  sodium  salt  of  the 
p-acid,  heated  with  MnO,  and  sulphuric  acid,  yields  q  u  i  n  o  n  e .  Treated 
with  PCI5,  it  yields  /j-chlorophenol  and  ;>-dichlorobenzene.  The  o-acid 
fused  with  potash  yields  pyrocatechin ;  the  />-acid,  by  molecular  trans- 
formation, yields  resorcin  (see  Diatomic  Phenols). 

Metaphenolsulpkonic  acid  is  formed  as  a  X)otassium  salt  by  heating  potas- 
sium benzene-metadisulphonate  dissolved  in  the  smiUest  possible  quantity 
of  water,  with  two  or  three  timi^s  its  weight  of  potLSsium  hydroxide  for  a 
considerable  time  to  17(A-180O  C.  (338Q-3560  p.).  The  greater  part  of 
the  potassium  sulphate  formed  at  the  same  time  having  been  removed  by 
crystallization,  the  metaphenolsulphonate  may  be  extracted  from  the 
mother-liquor  by  alcohol.  This  salt  crystallizes  from  water  in  groups  of 
easily  soluble  efflorescent  scales  containing  1  mol.  H^O.  The  free  acid 
forms  concentric  groups  of  very  soluble  needles.  Ferric  chloride  colors 
the  solutions  of  the  three  acids  violet. 

Phenoldisulphonic  acidj  CjHj(OH)  (80311)2,  is  formed  by  heating  phenol  or 
o-  or  p-phenolsulphonic  acid  with  excess  of  strong  sulphuric  acid,  whence 
it  has  the  structure  1:2:4  (OH  in  1);  also  by  the  action  of  sulphuric 
SiA'Ad  on  diazobenzene  sulphate.  The  solutions  of  the  acid  and  its  salts  are 
colored  dark  red  by  ferric  chloride. 

Phenoltrisulpkonic  acid,  CjHa(0II)(S03H)j  (1:3:5,  OH),  formed  by  the 
action  of  strong  sulphuric  acid  or  phosphoric  anhydride  on  phenol,  crys- 
tallizes in  thick  prisms  containing  S^HgO. 


CH 
CresolB,  C-IIgO  =  CgH^^^Q..*  . — Tolf/l  alcohols. — Para-  and  orfAo-cresol 

occur  in  coal-  and  wood-tar,  together  with  phenol,  and  may  be  separated 
from  the  latter  by  fractional  distillation  ;  but  they  cannot  easily  be  sepa- 
rated one  from  the  other.  They  are  obtained  in  the  pure  state  by  fusing 
the  potassium  salts  of  the  corresponding  tolucnesulphonic  acids, 
CjH4(CHj)(b03H),  with  potash,  or  from  the  corresponding  toluidines  by 
the  diazo-reaction  (p.  854).  They  are  converted  into  toluene  by  heating 
with  zinc-dust,  and  into  the  corresponding  oxytoluio  or  cresotic  acids, 
0^113(0 ll3)(0H)(C0jH),  by  the  action  of  sodium  and  carbon  dioxide. 

Orthocresol  is  likewise  obtained,  together  with  propene,  by  heating  car- 
yacrol  (cymophenol),  Q^Jil^fi,  with  phosphoric  anhydride  : 

CioHhO    =    C^IIgO    +     C^He. 

It  is  a  colorless  crystalline  mass,  melting  at  310-31.50  C.  (87.80-88.70 
F.),  boiling  at  1850-18(;o  C.  (3U5Q-3G().80  F.);  colorcni  blue  by  ferric  chlo- 
ride. By  prolonged  heating  with  potassium  hydroxide  it  is  converted  into 
salicylic  acid. 

AfrtacTPJioly  prepared  from  thymol,  CjqHj^O,  in  the  same  manner  as  o-cre- 
sol  from  carvacrol,  is  a  colorless  liquid  which  smt^lls  like  phenol,  \)o\\s  at 

73* 
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201O  C.  (393.80  F.),  remains  liquid  at  the  temperature  of  a  mixture  of 
solid  carbon  dioxide  and  ether,  and  is  converted  by  fusion  with  potash 
into  oxybeuzoic  acid.  Its  ethylic  ether  is  an  oil  boiling  at  19(P  C. 
(3740  F.). 

Paracresol  forms  oolorless  prisms  smelling  like  phenol,  melting  at  360  C. 
(96.&0  F.),  and  boiling  at  198©  C.  (388.40  F.).  It  dissolves  sparingly  in 
water,  forming  a  solution  which  is  colored  blue  by  ferric  chloride.  By  &aion 
with  potash,  paracresol  is  converted  into  paraoxybenzoic  acid.  Its 
ethylic  ether  is  an  aromatic  liquid  boiling  at  1880  C.  (374.40  F.).  The  me- 
thylic  ether  boils  at  1740  C.  (345.2P  F.),  and  is  oxidized  by  chromic  acid  to 
me  thy  1-paraoxy  benzoic  (anisic)  acid,  C^H^COCHj)  (COjH).  The  acetic  ether, 
CtH^.O.CjIIjO,  is  a  liquid  boUing  at  20bQ-211o  C.  (406.4^-411.80  F.). 

Nitro-cresols  . — Several  of  these  compounds  are  obtained  by  nitra- 
tion of  paracresol. — C,H5(NO,)jO  crystallizes  in  yellow  needles  like  picric 
acid. — C7H^(N02)0,  obtained  also  by  the  action  of  nitrous  acid  on  parato- 
luidine,  is  a  dye-stuff,  known  as  Victoria  yellow ;  it  forms  yellow  crystals, 
melting  at  840  C.  (183.2^  F.),  less  soluble  in  water  than  picric  acid. 

Thiooresolu,  or  Tolyl  Hydresulphides,  C0H^<^gTj*  ,  are  pro- 
duced from  the  three  toluenesulphonio  acids  by  reducing  the  correspond- 
ing chlorides,  C,H4(CHj)(S0Cl),  with  zinc  and  hydrochloric  acid.  Ortho-^ 
shining  lamina,  melting  at  150  C.  (590  F.),  boiling  at  188©  C.  (370.40 
F.).  Afeta-,  liquid,  not  solidifying  at  — lOO  C.  (14©  F.).  Ihra-,  large 
laminffi,  melting  at  430  C.  (109.40  F.),  boiling  at  18bO  c.  (370.40  F.). 

Bight-oarbon  PhenolB,  CglX^oO. — ^This  formula  includes  two 
metamuric  phenols,  viz.  : 

Dimethyl-phenol C,Hg(CH,),OH 

Ethyl-phenol CeH4(C,Hj)0H. 

Two  Dimethyl-phenols  or  Xylenols  are  produced  by  fusing 
the  potassium-salt  of  xylenes ulphonio  acid,  Cgll^O^K,  with  potassium 
hydroxide.  On  decomposing  the  resulting  mass  with  hydrochloric  acid, 
digesting  with  ether,  and  distilling,  a  liquid  passes  over  at  210O  C.  (41QO 
F.),  which,  when  exposed  to  a  winter  temperature,  separates  into  two  iso- 
meric modifications,  one  crystalline,  the  other  liquid.  The  solid  modifica- 
tion is  likewise  obtained  by  fusing  the  potassium-salt  of  ozymesltylenio 
acid  with  potash : 

C.IlJ(CH,).    +     H,0    =.    CO3K,    +     C,H,j<™'>« 

Solid  xylenol  melts  at  750  c.  (1670  F.)  and  boils  at  21 60  C.  (420.80  p.) ; 
the  liquid  modiflcation  boils  at  20G.5O-208.5O  C.  (403.70-407.1-^  F.). 

A  xylylio  phenol  is  mentioned  by  Dr.  Hugo  Mliller  as  occurring  in  coal- 
tar  ;  this  is  probably  also  a  dimethyl -phenol,  inasmuch  as  products  of 
destructive  distillation  have  hitherto  been  found  to  yield  only  methyl-de- 
rivatives of  benzene.  The  portion  of  alolsol  (a  product  obtained  by  dis- 
tilling aloes  with  lime)  which  is  soluble  in  potash,  has  the  composition  of 
a  xylylic  phenol,  and  is  perhaps  identical  with  the  preceding.  Creosote, 
from  beech-tar,  is  a  mixture  of  several  phenols  and  their  ethers,  and  usu- 
ally consists  of  phenol,  cresol,  xylenol,  guaiacol,  C,H.(OH)(OCHj),  and 
oreosol,  CeH^(CH,)(OH)(OCHj). 

Ethyl-phenol,  obtained  from  ethvl-bonzene sulphonic  acid, melta  at 
470  C.  (II6.6O  p.),  boils  at  2110  c.  (411.80  F.),  and  volatilizes  even  at 
ordinary  temporal nn«. 
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P  h  1  o  r  o  I ,  an  oily  liquid  obtained  by  the  dry  distillation  of  the  barium 
salt  of  phloretic  or  oxethyl-benzoic  acid,  C^HjqOj  or  CgH^(OC.2H5).COOU,  is 
also  an  etliyl  phenol,  its  formation  being  represented  by  the  equation : 

CeH,(OC2n5).COOH    =    CO,    +     C^HMCfi^ . 
Phloretic  acid.  Pniorol. 

Phlorol  is  a  colorless,  strongly-refracting  oil,  having  a  specific  gravity  of 
1.0374  at  120  C.  (53.60  F.),  and  boiling  at  220O  C.  (428^  F.).  It  dissolves 
in  strong  sulphuric  acid,  forming  a  sulpho-acid  which  yields  a  soluble 
barium  salt.  With  chlorine  it  forms  a  substitution-product.  It  reacts 
violently  with  strong  nitric  acid,  forming  the  compound  CgH7(N02)jO.  By 
sodium  and  carbon  dioxide  it  is  converted  into  phloretic  acid. 

Ten-Carbon  Phenols,  C,qH|3.0H.-^Two  compounds  represented 
by  this  formula  are  known,  viz. :  thymol  and  carvacrol.  Both  are 
methyl-propyl-phenols,  CqH3(CH8)(C3H7)(OH),  and  have  the  methyl-group 
in  the  para-position  relatively  to  the  propyl-group ;  but  in  thymol  the 
CII<|-group  stands  to  the  OH  in  the  meta-position ;  in  carvacrol  in  the 
ortho-position,  thus : 

CHj  CH, 

/\  /\0H 

CjH^  CjH^ 

Thymol.  Carvacrol. 

Both  are  resolved  by  heating  with  phosphoric  anhydride  into  propene, 
CjH„  and  cresol,  thymol  yielding  meta-,  and  carvacrol  yielding  ortho-cresol 
(p.  869). 

Thymol  exists,  together  with  cymene,  CioH,^,  and  thymene,  C,oHig,  in 
the  volatile  oils  of  thyme  (  Thymus  serpyllvan)^  horse-mint  (^Mentha  sylvestris), 
PtychotU  Ajowariy  an  East  Indian  plant,  and  Monarda  punctata^  or  Oswego 
tea,  a  native  of  North  America.  It  crystallizes  in  large  transparent  plates, 
has  a  mild  odor,  a  peppery  taste,  melts  at  440  C.  (111.2^  F.),  and  boils  at 
230O  C.  (4460  F.).  Its  methylic  ether  boils  at  205O  C.  (401O  F.),  the  ethylic 
ether  at  22(P  C.  (4280  F.). 

Thymol  treated  with  bromine  in  sunshine  yields  pentabromothy- 
mol ,  CipHjBrjO,  and  with  chlorine,  C,oH,iCl,0  or  CioH^CljO,  accordingly  as 
the  reaction  takes  place  in  the  shade  or  in  sunshine ;  both  of  these,  as 
well  as  the  bromine-compound,  are  crystalline. 

There  are  two  n  i  trothy  mols  ,  C^QYl^^(}^0,)fi  and  C,oH,,(N02).,0,  ob- 
tained by  the  action  of  nitric  acid  on  thymol sulphonic  acid.  Both  form 
potassium  salts,  which  crystallize  in  yellow  or  orange-yellow  needles. 
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one- 
contained  in  oil  of  caraway  (Camm  Carni),  by  heating  with  phosphoric 
acid.  It  is  a  thick  oil,  not  solidifying  at  — 25©  C.  (—130  F.),  boiling  at 
2330-2350C.  (451.4Q-4550F.).  >"  b 

Thymol  and  carvacrol  distilled  with  phosphoric  anhvdride  yield  two 
isomeric  thiophenols,  C,nn„.SH,  both  of  which  are  non-solidifying  liquids. 
Thiothymol  boils  at  230CL-231O  C.  (446Q-447.80  F.)  ;  thiocymenol  at  2350 
C.  (4560  F.). 


I 
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Diatomic  Phenols,  CJ{^^(OU)^. 

There  are  seven  known  oompounds  included  in  this  formulai  viz. : 

Pyrocatechin — Resorcin — Hydroquinone        .     €4114(011), 
Orcin — Uomo-pyrocatechin    ....     C6ll,(CH3)(0H), 
Beta-orciu — Hydrophlorono  ....    C4Hj(Cll,)j(0U), . 

These  compounds  are  formed  by  the  action  of  melting  potash  on  the 
monohalo'id  derivatives  of  the  monatomic  phenols,  and  on  the  phenolsul* 
phonic  acids : 

CjH^Cl.OH  +     KOH    =    KCl        +     CeH^COH), 

C«H4(0H).S0,K  +     KOH    a    SO3K,    +     C^H^COH),; 

also  on  resins ;  and  by  the  dry  distillation  of  aromatic  dioxyacids— fiucli 
as  oxysalicylic  acid,  C8H3(OU)2.C02U,  with  lime  or  baryta : 

CjH3(OU)2.CO,H    =    CO,    +     C«H^(OH),. 

Pyrooatechin,  CgH^COH),  (1  :  2),  also  called  Oxyphenic  add,  is 
formed  :  1.  By  fusing  orthochlor-  or  orth-iodopheuol  with  potash.  2.  By 
the  dry  distillation  of  oxysalicylic  or  of  protooatechuic  acid,  C7H^04.  3, 
By  dry  distillation  of  catechin  (the  juice  of  Mimosa  cafedtu),  from  which 
it  was  first  obtained ;  also  from  morintannic  acid  (the  yellow  coloring 
matter  of  Moras  tinctorid);  and  of  wood,  whence  it  is  found  in  wood-vinegar. 
4.  By  heating  its  methylic  ether  (guaiacol)  with  hydriodic  acid  to  200O  C. 
(3920  F.). 

CeH4(0H)(0CH,)     +     HI    =    CH,I     +    C«H4(0H),. 

This  reaction  affords  the  best  method  of  preparing  it. 

Pyrocatechin  crystallizes  in  short  square  prisms  ;  sublimes  even  at  ordi- 
nary temperatures,  in  shining  laminae  ;  melts  at  104O  C.  (219.2^  F.)i  and 
boils  at  245.50  C.  (473.9^  F.).  It  dissolves  easily  in  water,  alcohol,  and 
ether.  The  aqueous  solution  mixed  with  ferric  chloride  assumes  a  dark* 
green  color,  changing  to  violet  on  addition  of  a  small  quantity  of  ammo- 
nia, acid  sodium  carbonate,  or  tartaric  acid.  Pyrocatechin  reduces  silrcr 
nitrate  at  ordinary  temperatures,  an  ammoniacal  solution  of  copper  with 
the  aid  of  heat.  Nitric  acid  acts  violently  upon  it,  forming  oxalic  acid  and  a 
small  quantity  of  a  yellow  nitro-oomi)ound.  With  acetyl  chloride  &nd  benzoyl 
chloride  it  forms  the  compounds  C,H4(0.C,Hj,0),  and  CgH4(0.C,Hj^0)„  both 
of  which  are  crystalline.  Us  aqueous  solution  forms,  with  lead  acetate,  a 
white  precipitate,  CjH402Pb. 

Methyl-pyrocatechin  or  Guaiacol ,  C,H^0,=s  CjH4^q|4  '  ,  is  one 

of  the  constituents  of  beech-tar  creosote  (p.  870),  and  may  bo  sepa- 
rated therefrom  by  fractional  distillation.  It  is  produced  by  heating 
pyrocatechin  with  potassium  hydroxide  and  potassium  methyl  sulphate  to 
180O  C.  (356°  F.);  by  heating  methvl-pvrocatechuic  acid  with  calcium 
hydrate  :  C7H5(CH3)04  =  CO,  -f  CeH5(CH3)0, ;  and  by  dry  distillation  of 
guaiac  resin. 

Guaiacol  is  a  colorloss  liquid,  having  a  specific  gravity  of  1.117,  and 
boiling  at  200O  C.  (3920  F.);  slightly  soluble  in  water,  easily  in  alcohol, 
ether,  acetic  acid,  and  alkalies.  It  forms  crystalline  salts  with  the  alka- 
lies and  alkaline  earths,  and  its  alkaline  solutions  reduce  the  salts  of 
gold,  silver,  and  copper.  By  heating  with  hydriodic  acid  or  fusion  with 
potash,  it  is  resolved  into  pyrocatechin  and  methyl  iodide  or  methyl 
alcohol. 
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Dimethyl-pyrocatechin,  CjH^CO.CHg),,  formed  hy  heating  the  potassium- 
derivative  of  methyl-pyrocateohin  with  methyl  iodide,  is  a  liquid  boiling 
at  205O  C.  (401O  F.). 

Resorcin,  C^H^COH),  (1  :  3),  is  formed  by  the  action  of  melting 
potash  on  the  para-modifications  of  chlorophenol,  iodophenol,  chloro-,  and 
bromo-benzenesalphonic  acids,  phenolsulphoniu  and  benzenedisulphonio 
acids ;  also  on  some  compounds  not  belonging  to  the  para-series.  It 
appears,  indeed,  to  be  the  most  stable  of  the  three  diatomic  phenols,  and 
is  accordingly  produced  by  molecular  transposition,  especially  at  high 
temperatures,  in  some  cases  when  an  ortho-  or  para- compound  might  be 
expected  to  result.  Resorcin  is  also  formed  by  the  action  of  melting  pot- 
ash on  umbelliferone,  and  on  various  resins  and  gum-resins,  as  galbanum, 
assafoetida,  gum  ammoniacum,  sagapenum,  and  acaro'id  resin.  It  is  most 
easily  prepared  by  the  dry  distillation  of  extract  of  Brazil  wood. 

Resorcin  is  very  soluble  in  water,  alcohol,  and  ether,  and  crystallizes 
from  very  concentrated  solutions,  in  prisms  belonging  to  the  trimetric 
8y3t€)m,  colorless  at  first,  but  afterwards  becoming  reddish.  It  melts  at 
llOO  C.  (230O  F.),  and  boils  at  2710  C.  (519.8©  F.),  distilling  almost 
without  residue.  Its  aqueous  solution  is  colored  violet  by  ferric  cliloride, 
is  not  precipitated  by  lead  acetate,  and  reduces  silver  nitrate  only  at  the 
boiling  heat,  except  in  presence  of  ammonia,  in  which  case  the  reduction 
takes  place  in  the  cold.  These  characters  distinguish  resorcin  from  pyro- 
oatechiu.  A  very  delicate  test  for  resorcin  is  its  conversion  into  fluorescein 
(7.  V.)  by  heating  with  phthalic  anhydride.  Bromine-water  added  to  the 
aqueous  solution  throws  down  the  tribromo -compound ^  C0HBrj|(OH),.  Re- 
sorcin also  forms  a  triaceti/l-compound,  CjH3(Cj|H30)(O.C._jIIj,0)2,  and  two 
benzoyl-deHvatives,  C^.HjCO.CtHjO),,  and  CeHj(C,H50)(O.C7H50),. 

Nitro-resorcin  «. — Di-nitroresorcin,  Cfi^{^0^^,  (OH),,  formed  by  add- 
ing potassium  nitrite  to  a  very  dilute  solution  of  resorcin  mixed  with  acetic 
acid,  crystallizes  with  molecules  of  water  in  yellowish-gray  or  brown 
laminae,  which  detonate  when  heated  to  1150  C.  (239©  F.). 

Trinitroresorcin,  Oxypicric,  or  Styphnic  acid,  CjH(KO„)j(OH)„  is  produced 
by  the  action  of  cold  nitric  acid  on  several  gum-resins  (galbanum,  saga- 
}>enum,  gum  ammoniacum),  and  on  many  vegetable  extracts  (Sapan-wood, 
Brazil-wood,  etc.);  also  by  heating  meta-nitrophenol  with  strong  nitric 
acid.  It  crystallizes  in  large  yellow  hexagonal  prisms  or  laminae,  spar- 
ingly soluble  in  water,  melting  at  175©  C.  (347©  F.),  and  subliming  when 
cautiously  heated,  exploding  when  quickly  heated.  With  ferrous  sul- 
phate and  lime-water,  it  exhibits  at  first  a  green  color,  which  afterwards 
disappears  (distinction  from  picric  acid,  which  is  thereby  colored  blood- 
red).  Trinitroresorcin  is  a  strong  bibasio  acid,  forming  well-crystallized 
salts,  which  detonate  violently  when  heated. 

Tri-amidoresorcin,  CeH(NH2)3(0H),.— The  hydrochloride  of  this  base, 
C.HbNjOj.SHCI  -I-  H,0,  produced  by  the  action  of  tin  and  hydrochloric 
acid  on  trinitroresorcin,  forms  large  yellowish,  easily  soluble  crystals. 
The  solution  of  the  stanno-chloride  (the  immediate  product  of  the  reaction) 
is  colored  dark -red  by  ferric  chloride,  or  by  exposure  to  the  air,  and  de- 
posits on  standing  red  needles,  consisting  of  the  hydrochloride  of  amido- 

diimidoresoroin,    C,H(0H)2(NH,)<^^^]>  .HCl.     Ammonia  added 

to  the  solution  of  this  salt  separates  the  free  base  in  slender  needles, 
having  a  green  metallic  lustre. 

Hydroqulnone,  C«H,(OH) ,  (1  :  4),  is  formed  by  fusing  para- 
iodophenol  with  potash  to  18(P  C.  (3560  F.);  by  dry  distillation  of  oxy- 
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salicylic  and  of  quinic  acid,  and  hy  heating  the  aqueous  solution  of  the 
latter  with  lead  peroxide  : 

CTHuOe    +    0    =    CelleO,    +     CO,    +     3H,0; 

also  from  arhutin  (see  Glucosidks),  by  boiling  with  dilute  sulphuric  acid, 
or  by  the  action  of  emulsin  : 

CnH,A    +     HjO    =    CeHjO,    +    CeH„Oe. 

It  is  most  easily  prepared  from  quinone  by  reduction  with  sulphurous 
acid,  CjU^O,  -f  H,  =  C^UeOj.  Gaseous  sulphur  dioxide  is  passed  into  an 
aqueous  solution  of  quinone,  till  the  liquid,  which  at  first  assumes  a 
brown  color  from  formation  of  quinhy drone,  becomes  colorless.  The 
solution  is  then  evaporated  down,  and  the  hydroquinone  extracted  by 
ether. 

Hydroquinone  crystallizes  from  water  in  colorless  rhombic  prisms,  melt- 
ing at  1690  C.  (336.20  F.),  subliming  when  carefully  heated,  decomposing 
when  suddenly  heated.  It  dissolves  in  17  parts  of  water  at  150  C.  (590 
F.),  easily  in  alcohol  and  ether.  It  unites  with  hydrogen  sulphide  and 
sulphur  dioxide,  forming  crystalline  compounds  which  are  decomposed  by 
water.  Its  aqueous  solution  is  turned  red-brown  by  ammonia,  and  is  not 
precipitated  by  lead  acetate  except  in  presence  of  ammonia.  Oxidizing 
agents  convert  hydroquinone  first  into  quinhydrone,  then  into  quinone  : 

Uydroquinone.  Q^uiuhy  drone.  Quinone. 

Substitution-products  of  hydroquinone  are  obtained,  not  directly  from 
hydroquinone,  but  from  the  corresponding  derivatives  of  quinone  or  of 
arbutin. 


Dinitrohydroquinone^  CqH4(NO,)5,(OH)3,  obtained  by  boiling  dinitro-arbutin 
with  dilute  sulphuric  acid,  forms  golden-yellow  laminae ;  its  aqueous  solu- 
tion is  colored  dark  blue  by  alkalies. 

Dichlorhydroquinone-disulphonic  acid,  ^if^2y^\>.  ,  is  formed  by  heating 

tetrachloroquinone  with  a  dilute  solution  of  acid  sodium  sulphite,  tetra- 
chlorhydroquinone  being  produced  in  the  first  instance,  and  two  of  its 
chlorine-atoms  then  replaced  by  the  groups  SOjH.  The  aqueous  solution 
of  this  acid  is  colored  indigo-blue  by  ferric  chloride.  A  solution  of  its 
potassium  salt,  containing  free  potash,  oxidizes  quickly  on  exposure  to  the 
air,     and    is    converted     into    yellow    potassium    euthioohroate, 

Quinone,  C8H4<^^^  ,  is  produced  by  the  oxidizing  action  of  manga- 
nese dioxide  and  sulphuric  acid,  or  of  dilute  chromic  acid,  on  nnmerons 
benzene-derivatives  («.  gr.,  phenylenediamine,  amidophenol,  amidobenzene- 
Bulphonio  acid),  especially  those  belonging  to  the  para-series:  also  by 
distilling  various  vegetable  extracts  with  MnO,  and  salphuric  acid.  It  is 
most  easily  preparoii  by  gently  heating  quinic  acid  (1  part)  with  manga- 
neso  dioxide  (2  parts)  and  sulphuric  acid  (1  part  diluted  with  i  part 
water).  *  * 
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Quinone  crystallizes  in  golden-yellow  prisms,  melts  at  1160  C.  (240.8^ 
F.),  and  sublimes,  even  at  ordinary  temperatures,  in  shining  needles.  It 
has  a  pungent  tear-exciting  odor,  distils  easily  with  aqueous  vapor,  and 
dissolves  sparingly  in  cold  water,  easily  in  hot  water,  also  in  alcohol  and 
ether.  By  reduction  with  sulphurous  acid,  or  with  zinc  and  hydrochloric 
acid,  it  is  converted,  first  into  quinhydrone,  then  into  hydroquinone. 
Phosphorus  pentachloride  converts  it  into  para-dichlorobenzene. 

Ckloroquinones  are  formed  by  the  action  of  chlorine  on  quinone,  and 
by  distilling  quinic  acid  with  MuO^  and  hydrochloric  acid.  CjHjClOj  forms 
yellow  needles.  C^HjClgOg,  produced  also  by  the  action  of  hypochlorous 
anhydride,  CljO,  on  benzene,  and  by  heating  trichlorophenol  with  nitric 
acid,  forms  large  yellow  prisms,  melting  at  120O  C.  (24SO  p.).  CbHCIjO,, 
obtained  also  by  the  action  of  chromyl  chloride,  CrOjClg,  on  benzene,  crys- 
tallizes in  large  laminae  melting  at  16GO  C.  (330.80  p.). 

Tetrachloroquinone  or  Ctdoranily  CJCI4O2,  is  formed,  together  with  CgHCljOj, 
from  many  benzene-derivatives  (aniline,  phenol,  isatin,  etc.),  by  the  action 
of  chlorine,  or  of  potassium  chlorate  and  hydrochloric  acid.  It  is  beat 
prepared  by  gradually  adding  a  mixture  of  1  part  crystallized  phenol,  and 
4  parts  potassium  chlorate  to  hydrochloric  acid  diluted  with  an  equal 
volume  of  water,  and  slowly  heating  the  liquid.  Red  crystals  then  sepa- 
rate, which,  on  further  addition  of  potassium  chlorate,  are  converted  into 
a  yellow  mixture  of  tri-  and  tetra-chloroquinone.  To  separate  these  com- 
pounds, they  are  converted  by  sulphurous  acid  into  the  corresponding 
chlorohydroquinones  (C^HjCl^O^  is  insoluble  in  water),  which  are  then  re- 
converted into  the  chloroquinones  by  oxidation. 

Chloranil  forms  golden-yellow  shining  lamins,  insoluble  in  water,  soluble 
in  hot  alcohol  and  in  ether,  subliming  at  about  150O  C.  (302O  p.) ;  con- 
verted by  PCI5  into  perchlorobenzene. 

Chloranil  dissolves  with  purple-red  color  in  dilute  potash-lye,  forming 
the  potassium  salt  of  chloranilic  acid,  C5Cl,02(OK)j -f-  HjO,  which 
crystallizes  in  dark  red  needles,  sparingly  soluble  in  water.  Acids  decom- 
pose it,  separating  chloranilic  acid,  CjCl202(OH), -f-  H^O,  in  reddish 
shining  scales.  Chloranil  is  converted  by  aqueous  ammonia  into  chlor- 
anilamide,  C^CljOj(NH,)y  and  chloranilamic  acid,  CjClj(NHj)Oj(OH). 

BromoquinoneSf  analogous  to  the  chloroquinones,  are  obtained  by 
similar  reactions.  Bromanil^  CgBr^O,,  it  most  readily  prepared  by  heating 
phenol  (1  part)  with  bromine  (10  parts),  iodine  (3  parts),  and  water,  to 
1000.     Golden-yellow  lamin»  sparingly  soluble  in  carbon  sulphide- 

Quinhydrone,  C„HioO,=CeHeO,.CeHA=  ^y^^^^_^  ,  is  formed 

by  treating  quinone  in  aqnoons  solntion  with  a  quantity  of  sulphurous 
acid  not  sufficient  for  complete  reduction ;  also  by  incomplete  oxidation  of 
hydroquinone,  and  by  mixing  the  aqueous  solutions  of  quinone  and  hy- 
droquinone. It  crystallizes  in  flat  prisms,  having  a  splendid  golden-green 
metallic  lustre  like  that  of  the  wing-cases  of  the  rose-beetle,  and  sublimes 
in  green  laminw.  It  is  fusible,  has  but  little  odor,  dissolves  freely  in  hot 
water  with  a  brown  color,  in  alcohol  and  ether  with  green  color.  It  is  re- 
solved, by  boiling  with  water,  into  quinone  which  distils  over,  and  hydro- 
quinone ;  and  is  converted,  by  oxidation  into  quinone,  by  reduction  into 
hydroquinone. 

Phenoqnlnone,  C^jH^^Q^ ^ ^"j^s  ,  is  produced  by  careful  oxidation 

of  phenol  with  chromic  acid,  and  (together  with  quinhydrone  and  hydro- 
quinone) by  mixing  the  aqueous  solutions  of  quinone  and  phenol.  It 
forms  red,  very  volatile  needles,  melting  at  71o  C.  (150.90  P.),  soluble 
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in  water,  more  easily  in  alcohol  and  ether.     It  is  colored  blue  by  potash , 
green  by  baryta  or  ammonia. 

Diatomic  Phenols,  CjHgO,  =  CeHaCCHj) (OH),.— 0 rein  existe 
ready  formed  in  all  the  lichens  {Lecanora  tartarea^  Roccelta  tinctoria,  Vario- 
laria  orciruty  etc.)  which  are  used  for  the  preparation  of  archil  and  litmus  ; 
and  is  the  general  product  of  the  decomposition  of  certain  acids  extracted 
from  these  lichens  (orsellinic  acid,  erythric  acid,  etc.)  under  the  influence 
of  heat  or  of  alkalies.  Orsellinic  acid,  CgUgO^,  when  boiled  with  baryta- 
water,  splits  up  into  carbon  dioxide  and  orcin  : 

CgHaO^    =    CO,    +     C^HgO,  . 

Evernic  acid  is  resolved  by  the  same  treatment  into  eveminic  and  orsel- 
linic acids : 

CnHieO,    +    H,0    =     C.H,,0,    +     C.U.O,  . 
Evernio.  EverniQio.         Orftellioic. 

Erythric  acid  (erythrin)  is  resolved,  in  like  manner,  into  orsellinic  acid 
and  picroerythrin : 

C„H  0^0    +     H,0    «=    QHA     +     C„H,A, 
Erythrin.  Orsellinio         Picroerythrin. 

aold. 

the  orsellinic  acid  being  further  resolved,  as  above,  into  CO,  and  orcin, 
and  the  pycroerythrin  into  CO,,  erythrite  (p.  616),  and  orcin  : 

Ci,Hi,0,    +    H,0    =    CO,    +    C,U,fi,    +     C^HgO,. 

To  prepare  orcin  in  quantity,  one  of  the  lichens  above  mentioned  is 
boiled  with  milk  of  lime,  the  liquor  filtered  and  evaporated  to  one-fourth  ; 
the  lime  precipitated  by  carbonic  acid  ;  the  filtrate  evaporated  nearly  to 
dryness  on  the  water-bath  ;  the  residue  boiled  several  times  with  benzene  ; 
tlie  orcin  extracted  from  the  benzene  solution  by  agitation  with  water  ; 
and  the  aqueous  solution  evaporated. 

Orcin  may  also  be  prepared  by  the  action  of  melting  potash  on  extract 
of  aloes,  and  on  the  potassium-salt  of  chlorotoluene-sulphonic  acid. 

Orcin  crystallizes  in  colorless  six-sided  prisms  containing  C^HgOj-HgO. 
It  has  a  sweet  taste,  dissolves  readily  in  water,  alcohol,  and  ether,  melts 
at  580  C.  (136.40F.),  gives  off  its  water  of  crystallization  at  860  C.(186.80 
F.),  and  boils  at  290O  C.  (5540  F.).  Its  aqueous  solution  is  precipitated 
by  lead  acetate,  colored  blue-violet  by  ferric  chloride,  and  exhibits  with 
hypochlorites  a  transient  dark-violet  coloration. 

The  hydroxyl-groups  in  orcin  may  be  replaced  by  acid  and  by  alcoholic 
radicles;  the  diethylic  ether,  C7He(OC,H5),0„  boils  at  2400-250©  C. 
(464P-4820  F.). 

Tnbromorcin,  G„Br3(CHO(OH)2,  is  precipiteted  by  bromine-water  from 
the  aqueous  solution  of  orcin. 

Trtnttro^rin,  C(N0j),(CH,)(0H)„  produced  by  dissolving  orcin  in  a 
well-cooled  mixture  of  strong  nitric  and  sulphuric  acid,  forms  long  yellow 
needles,  which  melt  at  1620  c.  (323.60  F.),  and  react  very  much  like  tn- 
nitroresorcin.  Bv  the  action  of  tin  and  hydrochloric  aeid  it  is  reduc^jd  to 
tnamido-orcin,  C8*(NH,)s(CHs)(0H)„  which  forms  coloriess  crysta^,  and 
is   converted  by  exposure  to  the   air  into  crystals  of  amtdo^tmido-^rcm, 

C6(GH3)NHj<^j^jj^  . 

Orcin  unites  with  dry  ammonia.,  forming  a  crystalline  compound,  C^HgO,. 
NH, ;  and  when  a  solution  of  orcin  containing  ammonia  is  exposed  to  the 
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air,  it  absorbs  oxygen,  acquires  a  dark -red  or  purple  color,  and  gives  with 
acetic  acid  a  deep-red  pulverulent  precipitate  of  orcein,  CjU^NO,, 
formed  according  to  the  equation  : 

C,H,0,    +    NH,    +    O,    =    C,H,N03    +    2H,0  . 

Orcein  unites  with  metallic  oxides,  forming  red  lakes.  It  is  the  chief  con- 
stituent of  the  dye-stuffs  known  as  archil,  cudbear,  French  purple,  and 
litmus.  The  last-mentioned  substance,  which  is  extensively  used  for  the 
preparation  of  test-papers,  is  prepared  from  Roccella  tinctoria  or  Lecanora 
tartareay  by  macerating  the  lichen  in  solution  of  ammonium  carbonate, 
exposing  the  liquid  to  the  air  for  20  to  40  days,  and  thickening  the  color- 
ing matter  thus  obtained  with  chalk  or  gypaum. 

IsordHf  CjUgCCHjXOH),,  obtained  from  toluidine-disulphonic  acid, 
forms  colorless  needles,  melts  at  87^  C.  (188.60  F.),  and  boils  at  260O 
C.  (500O  F.). 

Homopyroca teehiny  C^HgO,  ^  CjHjCCHj) (0H)„  which  has  not  been 
obtained  in  the  crystalline  state,  is  produced  by  the  action  of  hydriodio 

acid  on  oreasol,   CgHijO,  =  C,Hg<^^„   ,  which  is  its  methylic  ether. 

Creasol  is  one  of  the  constituents  of  beech- tar  (p.  870),  and  is  formed  to- 
gether with  guaiacol,  by  the  dry  distillation  of  guaiac  resin.  It  is  a 
colorless  liquid,  very  much  like  guaiacol,  boils  at  21J)0  C.  (426.20  F.), 
and  reduces  silver  nitrate  when  heated  with  it.  Its  alcoholic  solution  is 
colored  dark-green  by  ferric  chloride. 

Hydrotoluquinone,  CjHjCCHjXOH)^,  and  Tolttquinone,  CjH,(CH,)0„  are 
not  known;  but  di-  and  tri-chlorotoluquinone,  CgHCliCCHg)©- 
and  C,Cls(CH5)(0H)„  are  formed  by  the  action  of  hydrochloric  acid  and 
potassium  chlorate  on  cresol,  just  as  the  six-carbon  chloroqainones  are 
obtained  from  phenol.  The  trichloro-compound  forms  yellow  laminar 
crystals,  and  is  converted  by  heating  with  aqueous  sulphurous  acid  into 
trichloro-hydrotoluquinone,  GjCl3(CH,)(OH)2,  which  crystallizes  in  color- 
less needles. 

Diatomic  Fhenols,  CgHioOgssCgHgCOH),. — Ilydrophlorono 
is  obtained  by  the  action  of  sulphurous  acid  on  phlorone,  or  xyloquinone, 
CgllgOf,  a  compound  obtained  by  distilling  coal-tar  oil  or  beech-tar  creosote, 
boiling  above  210O  C.  (410O  F.)  with  MnO,  and  sulphuric  acid.  It  forms 
colorless  laminss,  having  a  mother-of-pearl  lustre,  fusible,  sublimable, 
easily  soluble  in  water,  alcohol,  and  ether.  Oxidizing  agents  convert  it 
into  phlorone,  CgllgO,,  which  forms  yellow  volatile  needles. 

Beta-orcin  is  obtained  by  dry  distillation  of  usnic  acid  and  other 
acids  occurring  in  lichens,  e.  g.,  ^^^\{Pa  (everninio  acid)  =s  CgHj^Oj  -|-  CO,. 
Colorless  crystals,  easily  soluble  in  hot  water,  melting  at  109O  C.  (228.jy> 
F.).  The  aqueous  solution  turns  red  when  mixed  with  ammonia  and  ex- 
posed to  the  air,  and  is  colored  dark  red  by  bleaching  powder. 

Veratrolf  obtained  by  distillation  of  veratrio  acid,  CgHj^O^,  with 
baryta,  is  an  oil  soUdifying  at  16©  C.  (590  F.),  and  boiling  at  202O-205O 
C.  (395.60-4010  F.). 

Thymohydroqulnone,  C,oH,2(OH) ,  =  C«H/CHO (CpH,) (0H)„ 
the  only  known  diatomic  phenol  containing  10  atoms  of  carbon,  is  produced 
by  the  action  of  sulphurous  acid  on  thymoquinone,  and  crystallizes  in 
limpid,  shining,  four-sided  prisms,  melting  at  139. 50  C.  (283. lO  F.),  and 
subliming  without  decomposition  ;  converted  by  oxidation  into  thymoqui- 
74 
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none.     Its  methjlic  ether  is  a  constituent  of  the  volatile  oil  of  Arnica 
montana* 

Thjmoqninone,  C,oH„<^^^  (thymoSl),  is  produced  hy  distilling 

thymol  and  carvacrol  with  MnO,  and  sulphuric  acid.     It  crrstallizes  in 
yellow  tables,  melts  at  45.50  C.  (113.90  F.),  and  boils  at  200©  C.  (3920  F.). 


Triatomic  PhenolSp  C6H3(OH},. 

Pyrogallol  or  Fyrogallio  Aoid,  is  produced  by  the  aotion 
of  heat  on  gallic  (dioxysalicylic)  acid :  C^U^O^  =s  CO,  -|-  C^ U«0, ;  also,  to- 
gether with  gallic  acid,  by  the  action  of  hot  caustic  potash  on  di-iodosall- 
cylic  acid,  C^H^IjOj.  It  is  conveniently  prepared  by  heating  a  dried 
aqueous  extract  of  gall-nuts  to  180O-185OC.  (3560-3650  F.)  in  an  iron  pot 
covered  with  a  paper  cap ;  it  then  sublimes  and  condenses  on  the  cap  in 
long  flattened  prisms. 

Pyragallol  is  soluble  in  water,  alcohol,  and  eth«r;  it  melts  at  1150  C. 
(2390  p.),  boils  at  210^  C.  (410O  F.),  and  decomposes  at  25()0  C.  (4820  F.). 
giving  oif  water,  and  leaving  a  residue  ofmetagallic  acid,  CfH^O,. 
Pyrogallol  dissolves  in  caustic  potash  or  soda,  forming  a  solution  which 
quickly  absorbs  oxygen  from  the  air,  and  turns  black  ;  this  solution  forms 
a  very  convenient  reagent  for  the  eudiometric  analysis  of  air  (p.  150). 
With  solutions  of  ferrous  salts,  it  produces  a  black-blue  color  :  with  ferric 
salts  a  red  color.  Pyrogallol  quickly  reduces  gold,  silver,  and  mercury 
from  their  salts,  and  forms,  with  lead  acetate,  a  white  precipitate, 
CjHgOjPbO. 

With  bromine  pyrogallol  forms  a  tribromo-derivative,  CflBrj(OHj)  ;  with 
aceti/l  chloride  it  yields  a  triacctyl-derivative,  CjU8(0C,H,0)s,  forming  crys- 
tals slightly  soluble  tn  water. 

.Phloroglnoin,  CgHjOj.  Phlorizin,  or  Phloridzin,  C^Hj^Oiq,  a 
crystalline  substuuco  found  in  the  root-bark  of  the  apple,  pear,  plum,  and 
cherry  trees,  is  resolved  by  boiling  with  dilute  acids  into  glucose  and 
phloretin,  Ci^Hi^Oj : 

C^iHj^Oio    -|-     HjO    =as    C,H„0^    4-     CyHi^Os; 

and  phloretin  heated  with  aqueous  potash  is  resolved  into  phloretic  acid 
and  phloroglucin : 

C^HiA    +     H,0    =    C^HioO,    +     C,H,0,. 

Phloroglucin  crystallizes  in  large  colorless  prisms  containing  2H2O; 
effloresces  on  exposure  to  the  air ;  gives  off  all  its  crystallization-water  at 
1000  C. ;  molts  at  230O  C.  (4460  F.),  and  sublimes  without  decomposition. 
It  has  a  sweet  taste,  and  dissolves  easily  in  water,  alcohol,  and  ether.  Its 
aqueous  solution  is  precipitated  by  lead  acetate,  and  colored  dark  violet 
by  ferric  chloride. 

Phloroglucin  is  converted  by  chlorine  into  dichloracetio  acid; 
with  bromine  and  with  nitric  acid  it  forms  tri-substitution  derivatives ;  with 

acetyl  chloride  and  benzoyl  chloride  it  yields  the  ethers  Cgll,  i  \^  A^q  ,  and 
^«^8  \  or  HO  »   ^^^  ^^   which    are    crystalline.       Its    dibutyril  ether, 

X  1       9 

^6^h\  (Qn  u  o)  ^  called  Jilicic  acidj  occurs  in  the  root  of  the  male  fern 
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(Aspidium  Filix  mas)  as  a  crystalline  substance,  which  is  resolved  by  fusion 
with  potash  into  phloroglucin  and  butyric  acid. 

With  anunonia  phloroglucin  forms  the  basic  compound,  phloramine, 

C^Hj  <  Sjij    '  ,  which  forms  crystalline  salts  with  acids. 


Appendix  to  the  Phenols — PnBXOL-DYES. 

Anrin  or  Rosolic  Acid,  C^^ifl^  (or  CjoIIigOj ?) . — ^This com- 
pound, also  called  CoralUn,  is  a  red  coloring  matter,  obtained  by  heating 
phenol  with  oxalic  and  sulphuric  acid,  the  oxalic  acid  being  then  resolved 
into  CO,  CO,,  and  H,0,  and  the  CO  reacting  with  the  phenol,  as  shown  by 
the  equation : 

3C,He0    +    2C0    =    C^H^^O,    +    2H,0 . 

To  obtain  a  pure  product,  the  mixture  of  sulphuric  acid  and  phenol  must 
be  heated  on  a  water-bath,  and  the  oxalic  acid  added  gradually,  waiting 
each  time  till  the  evolution  of  gas  ceases,  and  not  using  sufficient  oxalic 
acid  to  attack  all  the  phenol.  The  aurin  thus  obtained  has  exactly  the 
composition  C^qHi^Oj.* 

A  commercial  dye-stuff,  known  as  aurin,  corallin,  or  paeonin,  which 
gives  a  fine  yellow-red  color  to  wool  and  silk,  is  prepared  in  a  similar 
manner.  It  is  a  mixture  of  several  substances,  but  may  be  purified  by 
treatment  with  aqueous  ammonia,  which  dissolves  the  extraneous  matters, 
leaving  a  residue  of  nearly  pure  aurin. 

The  same  compound  is  obtained  by  the  action  of  nitrous  acid  on  rosani- 
line  (p.  848) ;  and  it  is  reconverted  into  that  base  by  heating  with  ammonia 
in  aqueous  or  alcoholic  solution. 

C»H„0,   +    SNH,   =    c«,n„N,   +    3n30. 

From  this  it  would  appear  that  the  formula  of  rosaniline  should  be 
C20H1.N3,  whereas,  according  to  Hofmann's  analysis,  its  composition  is 
CjjHj^N,.  Further  investigation  is  therefore  required  to  •clear  up  this 
discrepancy.! 

Aurin  crystallizes  from  alcohol  in  red  prisms,  having  a  green  metallic 
lustre.  It  is  insoluble  in  water,  but  soluble  in  alcohol,  strong  hydro- 
chloric acid,  and  glacial  acetic  acid.  It  unites  with  sulphurous  anhydride, 
forming  garnet-red  crystals,  (C2olIu03).^SO,  ■\-  SJIIjO,  and  forms  crystal- 
line compounds  with  bisulphites  of  alkali-metal,  e.  g.^  C^oHi^Oj.NaHSO^. 
Bromine  added  to  its  acetic  acid  solution  throws  down  the  compound 
C2oH^o^''«^s  ^^  shining  green  laminae. 

^y  reduction  with  zinc-dust  in  alcoholic  solution,  aurin  is  converted 
into  leuoaurin,  CjQHjjOg,  which  crystallizes  from  alcohol  in  colorless 
prisms,  and  is  reconverted  into  aurin  by  oxidation.  Triacetyl-leucaurin^ 
CjoHjjCCjHjO),©.,,  produced  by  heating  leucaurin  with  acetyl  chloride, 
forms  short  silky  needles,  easily  soluble  in  alcohol  and  in  acetic  acid. 

Phthalelns. — ^These  are  compounds  formed,  with  elimination  of 
water,  by  the  combination  of  phenols  with  phthalio  anhydride,  CgH^O,,  or 

CjH4<^Q^0.     They  contain  the  ketonic  group  CO,  together  with  the 

*  D A 1  e  and  Schorlemmer,  Ohem^  Soo.  Journ.,  1873,  434 \  and  1877,  vol.  11. 
p.  121. 

t  D<ile  and  Schorlemmer  observe  thnt.  In  the  Analysis  of  organic  coloring- 
matters,  the  percentage  uf  hydrogen  la  often  found  too  high. 
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hydroxy l-groups  of  the  phenols,  and  are  consequently  intermediate  in 
character  between  the  phenols  and  ketones.  Th«y  are  all  more  or  less 
colored,  and  act  as  dye-stuffs.  By  hydrogenation  (action  of  zinc-dust  in 
alkaline  solution)  they  are  converted  into  phthalins,  colorless  com- 
pounds in  which  the  ketonic  groups  are  converted  into  alcoholic  groups, 
C(OH);  e.g,, 

<C(>— C^H^— OH  ^C(OH)-^«H^— OH 

CoH4<C  I 
CO— C«H,— OH  ^-C(OH)— QH^— OH 

Phenol-phthalein.  Pbeaol-phthalin. 

By  oxidation,  the  phthalins  are  reconverted  into  phthaleins. 

Phenol-phthalein,  C^Hi^O^,  is  prepared  by  heating  10  parts  of 
phenol  with  5  parts  of  phthalic  anhydride  and  4  parts  of  strong  sulphuric 
acid  to  120O  C.  (2480  F.)  for  about  ten  hours,  exhausting  the  product  with 
boiling  water,  dissolving  the  residue  in  dilute  caustic  soda,  and  precipi- 
tating with  acetic  acid  and  a  little  hydrochloric  acid.  It  may  be  purified 
by  boiling  its  alcoholic  solution  with  animal  charcoal,  and  precipitating 
the  filtrate  with  water.  It  then  separates  as  a  white  or  yellow ish-whi to 
crystalline  powder,  or  in  triclinio  crystals,  according  as  the  precipitation 
is  eifected  quickly  or  slowly.  It  dissolves  in  alkalies  with  fuchsine-red 
color,  and  on  heating  the  alkaline  solution  with  zinc-dust,  it  becomes 
colorless,  from  conversion  of  the  phthalein  into  phcnol-phthalin, 
C^lIi^O^,  which  separates  on  addition  of  hydrochloric  acid,  in  white 
prisms.  This  compound  dissolves  in  strong  sulphuric  acid,  and  the  solu- 
tion, mixed  with  water,  deposits  an  amorphous  yellowish  substance, 
CjjHuOj,,  called  phenol-phthalidin,  which  maybe  reconverted  into 
the  phthalin  by  heating  with  water  to  1750  C.  (347^  F.)«  By  exposure 
to  the  air,  or  more  quickly,  by  treatment  with  manganese  dioxide,  potas- 
sium manganate  or  potassium  ferricyanide,  it  is  converted  into  a  com- 
pound, CjoHuO^,  isomeric  with  phenol-phthalein,  which  separates  in 
mouoclinic  crystals. 

Resorcin-phthalein,   or  Fluorescein,   CgoHi^O^  ss 
CO— Ce  H3— OH 

^s^i'^^  /O  >  prepared  by  heating  resorcin  with  phthalio 

^CO— Ce  H3— OH 
anhydride  to  200O  C.  (3920F.),  forms  dark-brown  crystals,  which  dissolve 
in  ammonia,  forming  a  red  solution  with  splendid  green  fiuorescence.  On 
adding  bromine  to  its  solution  in  glacial  acetic  acid,  tetrabromo- 
resorcin-phthalcin,  or  Eosin,  gradually  separates  in  crystals, 
which  may  be  purified  by  conversion  into  a  potassium-salt  and  precipita- 
tion with  an  acid.  From  dilute  alcohol  it  separates  in  dull,  flesh-colored 
crystals ;  from  absolute  alcohol  in  red  crystals  containing  1  molecule  of 
alcohol.  Its  potassium-salt,  Cj^H^Br^O^Kj,  known  in  commerce  as**solublo 
eosin ,"  dyes  silk  of  a  fine  rose-color. 

Pyrocatechin-phthalein,  C^oHjjOj,  formed  by  gently  heating 
pyrocatechin  with  phthalic  anhydride  and  sulphuric  acid,  dissolves  in 
potash-lye  with  a  fine  blue  color.  Hy  dro qui nono-ph  thai ein, 
formed  in  like  manner,  dissolves  in  strong  sulphuric  acid  with  brick-red 
color,  in  alkalies  with  violet  color. 

Orcin-phthaleln,  CggHi^Og,  forms  colorless  needles,  dissolving  in 
alkalies  with  dark-red  color,  without  fluorescence. 

Gallcin    or    Pyrogallol-phthalein,    C20II14O8  =a 
CgHi<r^Q     C*'lI*fQH^'  *  produced    by  heating  pyrogallol  with  phthalio 
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anhydride  to  190O-200O  C.  (3740-3920  F.),  forms  a  brown-red  powder  or 
small  crystals,  with  green  surface-color.  It  dissolves  in  alcohol  with  dark- 
red,  in  potash-lye  with  fine  blue  color.  By  zinc-dust,  or  by  zinc  and  sul- 
phuric acid,  it  is  converted  into  gallin,  CjoUigOi.  which  forms  nearly 
colorless  crystals,  and  is  converted  by  heating  to  20(P  C.  (392P  F.),  with 
strong  sulphuric  acid,  into  cojrulein,  CjoHioO^,  a  blue  dye-stuflf  which 
dissolves  in  alkalies  with  green,  in  aniline  with  splendid  blue  color, 
and  is  reduced  by  zinc-dust  to  ccerulin. 


Normal  Aromatio  Alcohols. 


Tlieso  compounds,  formed  by  substitution  of  OH  for  H  in  the  lateral 
chains  of  the  hydrocarbons  homologous  with  benzene,  contain  the  group 
CHjOH,  and  are  therefore  primary  alcohols,  convertible  by  oxidation  into 
aldeliydes  and  acids  containing  the  same  number  of  carbon-atoms  as  the 
alcohols  themselves,  and  producible  by  methods  similar  to  those  which 
yield  the  primary  alcohols  of  the  fatty  series,  viz. :  (1)  From  the  hydro- 
carbons by  conversion,  first  into  haloid  derivatives,  such  as  CjfHj.CH^Cl, 
then  into  acetic  ethers,  and  saponification  of  the  latter  with  caustic  alka- 
lies ;  £>(/., 

CeHs.CHj.OCjHjO    +     KOH    =    CjHaO.OK    +     C.Hs.Cn-.OH. 
Benzyl  acetate.  Benzyl  alcohol. 

(2)  From  the  aldehydes,  by  the  action  of  nascent  hydrogen,  or  by  heating 
with  alcoholic  potash : 

2(C^UyCnO)    +     KOH    =    CeHj.CH2.OH    +     C,.H5.C0,K. 
BenzaiUeliyde.  Benzyl  Potasaium 

alcohol.  benzoate. 

Monatomic   Alcohols. 

Bensyl  Alcohol,  C^HyO  =x  C^Hj.CHjOH,  may  be  prepared  by  the 
methods  just  mentioned,  or  by  the  action  of  nascent  hydrogen  on  benzoic 
or  hippuric  acid.  Its  benzoic  ether,  C^ H502.C,U7,  is  one  of  the  constituents 
of  Peru  and  Tolu  balsams. 

Benzyl  alcohol  is  a  colorless,  strongly  refracting,  oily  liquid,  having  a 
specific  gravity  of  1.051  at  140  C.  (57.20  F.),  and  boiling  at  207©'  C. 
(404.ec  F.).  It  is  insoluble  in  water,  but  soluble  in  all  proportions  in 
common  alcohol,  ether,  acetic  acid,  and  carbon  bisulphide.  By  oxygen  in 
presence  of  platinum  black,  or  by  nitric  acid,  it  is  converted  into  ben> 
zoic  aldehyde;  by  aqueous  chromic  acid,  into  benzoic  acid: 

CeHj.CIIjOH    +     0    =     H,0    +     CeH^.CHO, 

and  CeHj.CHjOH    -f     O,  =    H^O    -f     CjHj.COCOH). 

Strong  hydrochloric  acid  converts  it  into  benzyl  chloride,  C^H^Cl. 
Distilled  with  acetic  aeid  and  strong  sulphuric  acid,  it  is  converted  into 
benzyl  acetate,  C7H-(OCj,lIjO),  a  liquid  having  an  odor  of  pears,  and 
boiling  at  210©  C.  (410©  F.).  Benzyl  oxalate,  CjO/C^H^),,  forms 
shining  laminie  melting  at  80O  C.  (170^  F.). 

Alcoholic  benzyl  ethers  are  formetl  by  heating  benzyl  chloride  with  so- 
lutions of  potash  in  the  corresponding  alcohols.  Methyl  b 0 n  z  v  1  a  t  e , 
C7H7.O.CII3,  boils  at  1680C.  (334.40  F.);  ethyl  benzylato,  CtIV'O.C^IL, 
at  1850  C.  (36ijOF.).     Benzyl-phen vlate,  CtUt.O.C^Hj,  formed  by 
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heating  benzyl  chloride  with  potassium  phenate,  CgHj.OE,  melts  at  390C- 
(102.20  F.),  boils  at  2870  0.(548.60  p.).  Dibenzyl  ether,  (C-H,),Oi 
obtained  by  heating  benzyl  alcohol  with  boric  oxide  [2C7H.(OH)  —  H^Os 
(CtHy),0],  or  by  heating  benzyl  chloride  with  water  to  190O  C.  (374°  F.), 
is  an  oil  boiling  above  300O  C.  (5720  F.). 

Cklorobenzifl  alcohol  (para),  CfH4Cl.CH,0H,  produced  by  heating  para- 
chlorobenzyl  chloride,  CfH^Cl.CHjCl,  with  aqueous  ammonia,  forms  long 
needles,  melts  at  6GO  C.  (150.8O  F.),  and  boils  without  deoomposition.  Other 
halo'id  benzyl  alcohols  are  formed  in  a  similar  manner. 

Ihranitrobenzyl  alcohol,  Cfi^C^^O^^.CHfiH,  produced  by  saponification  of 
paranitrobenzyl  acetate  (obtained  by  nitration  of  benzyl  acetate),  is  soluble 
in  hot  water,  and  melts  at  930  c.  (199.4P  F.). 

Benzyl  hydrosulphide  or  Benzyl  mercaptan,  C,Hj» 
CHjSH,  obtained  by  the  action  of  alcoholic  potassium  hydrosulphide  on 
benzyl  chloride,  is  a  liquid  having  an  alliaceous  odor,  a  specific  gravity  of 
1.058  at  20O  C.  (68©  F.),  and  boiling  at  1940  C.  (381.2P  F.).  Its  alcoho- 
lic solution  gives,  with  metallic  salts,  precipitates  oonsisting  of  benzyl- 
mercaptides,  e.  g,  (C«U5.CU,S)2Hg. 

Benzyl  sulphide,  (CeH5.CH2)2S,  formed  by  the  action  of  potassium 
monosnlphide  on  benzyl  chloride,  in  alcoholic  solution,  crystallizes  in 
colorless  needles  melting  at  490  C.  (120.20  F.).  By  oxidation  with  nitric 
acid,  it  is  converted  into  benzyl  oxysulphide,  (CqH5.CH2)2SO,  which 
is  soluble  in  hot  water,  and  melts  at  130O  G.  (2660  F.). 

Benzyl  disulphide,  (C^H^.  €112)283,  formed  by  oxidation  of  benzyl 
mercaptan  exposed  to  the  air,  crystallizes  from  alcohol  in  shining  scales 
melting  at  66O  C.  (150.80  p.).  I^ascent  hydrogen  converts  it  into  benzyl 
mercaptan. 

All  these  sulphur  compounds  of  benzyl  are  decomposed  by  heat. 

Xylyl   Aloohol,*  CgHioO  =  C,H4<^|{»qjj  .— Of  the  three  iso- 

moric  modifications  of  this  alcohol  only  the  para-compound  is  known.  It 
is  obtained  from  the  corresponding  aldehyde,  and  from  paraxylyl  chloride, 
C^U^(CU^).CU^C\,  by  the  methods  above  described.  It  crystallizes  in 
needles,  dissolves  sparingly  in  water,  melts  at  590  G.  (138.20  F.),  and 
boils  at  2170  G.  (422.GO  F.).  Nitric  acid  converts  it  into  toluic  aldehyde, 
C,n4(CHj,).cno.  By  heating  with  hydrochloric  acid  it  is  reconverted  into 
xylyl  chloride.  Its  acetic  ether  boils  at  243©  G.  (469.40  F.).  The  chloride 
treated  with  KHS  and  K^S  yields  the  compounds  0„H,(SH)  and  (G,H,)^. 

Metameric  with  the  xylyl  alcohols  are — (1)  Primary  phenyl-ethyl 
alcohol,  GqHj.GII^.GHj.OH,  formed  by  the  action  of  sodium  amalgam  on 
a  solution  of  alpha-toluio  (phenyl-acetic)  aldehyde,  GgH^.CHj.CHO,  dis- 
solved in  aqueous  alcohol.  Colorless  liquid,  boiling  at  2120G.  (413.60  p.). 
Specific  gravity,  1.0337  at  210  G.  (G9.80  p.)  Converted  by  gradual  oxi- 
dation into  alpha-toluic  acid.    Its  acetic  ether  boils  at  2240  G.  (435. 20F.). 

(2)  Secondary  phenyl-ethyl  alcohol,  CjHj.GHOH.CHj,  pre- 
pared from  bromethyl-benzene,  GjHj.GHBr.GHj  (p.  827),  in  the  same 
manuer  as  benzyl  alcohol  from  benzyl  chloride ;  and  by  the  action  of 
sodium-amalgam  on  acetophenone,  G,Hj.GO.GH,.  It  is  a  colorless  liquid, 
boiling  at  202O-203O  G.  (395.60-397.40  p.),  having  a  density  of  1.013,  a*d 
reconverted  by  oxidation  into  acetophenone. 

*  GenerAlly  called  tolyl  Alcohol  ;  but  this  nftme  Is  fntipproprlAte.  If  C«H4(CHj|>. 
OHsOH  is  to  be  Cftlled  tolyl  alcohoL  then  CaHft.OHsGH  should  by  Analogy  be  called, 
not    benzyl    alcohol,  but  phenyl    eUcokol.     The   true    tolyl   alcohol  is   cresol, 

^^\OH^  metainerlo  with  benzyl  alcohol,  i^^^o^  * 
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Phenyl-propyl  Aloohol,  CjH„0  =  CeH5.CHj.CH,.CHj.0H, 
produced  by  the  action  of  nascent  hydrogen  on  styryl  alcohol  or  cinnamio 
aloohol,  C9H14O,  ia  a  liquid  boiling  at  2350  C.  (465^  K.).  Secondary  phenyl- 
propyl  alcohol,  CjII5.ClIj.CH (OH). CH„  formed  by  the  action  of  nascent 
hydrogen  on  ethyl-phenyl  ketone,  is  a  liquid  boiling  at  2100-2110  C. 
(4100-411.80  F.). 

Cymyl  Alcohol,  C,oH,^0  =  C,oH„(OH)  »  C,H„  .CH,OH,  also 
called  Cumylic  Alcohol, — ^This  alcohol,  discovered  by  Kraut,  is  produced, 
together  with  cumic  acid,  C^o^,g(),,  by  the  action  of  alcoholic  potash  on 
cumic  aldehyde : 

2CioHi,0    +    KOH    »    CioHuKO,    +     CioHi,0 . 

It  is  a  colorless  liquid,  boiling  at  2430  C.  (469.40  F.),  insoluble  in  water, 
soluble  in  all  proportions  in  common  alcohol  and  ether.  Nitric  acid  con- 
verts it  into  cumic  acid.  Boiled  with  alcoholic  potash,  it  is  converted 
into  potassium  cumate  and  cymene: 

3CioHhO    +     KOH    =    CioHuKO,    +    2£^fi^^    +    lYlfi . 

Hydrochloric  acid  gas  converts  it  into  cymyl  chloride,  CioH^Cl. 
Metameric  with  this  compound  is  : 

Benzyl-dimethyl    Carbinol,    or    Fhenyl-katabntyl    Alcohol, 
/CH, 
HO — C— CH-ZC^Hj),  obtained,  similarly  to  tertiary  butyl  alcohol,  by  the 

\CH, 
action  of  zinc-methyl  on  phenyl-aoetic  or  a-toluic  chloride,  CjHg.CH^.COCl. 
It  crystallizes  in  long  colorless  needles,  molts  at20Q-22O  C.  (080-71.60  F.), 
and  boils  at  220Q-23UO  C.  (4280-4460  F.). 

Sycoceryl  Aloohol,  C^^^^O  =  Ci,H„(OH)  «=  C„H„.CHjOH. 
— ^This  compound,  discovered  by  De  La  Rue  and  MQller,  is  produced  by 
the  action  of  alcoholic  soda  on  sycoceryl  acetate  (a  crystalline  substance 
extracted  from  the  resin  of  /ictu  rubiginosd)^  and  purified  by  precipitation 
with  water  or  by  crystallization  from  common  alcohol.  It  forms  very  thin 
crystals  resembling  caffeine,  and  melting  at  90O  C.  (1940  F.)  to  a  liquid 
heavier  than  water.  It  is  slowly  attacked  by  dilute  nitric  acid,  yielding 
a  crystalline  mass  apparently  consisting  of  a  mixture  of  sycoceric 
acid,  CjgH,gOj|,  and  nitrosycoceric  acid,  Ci,H27(NO,)02.  Boiled 
with  dilute  aqqeous  chromic  acid,  it  yields  thin  prisms,  probably  of  sy- 
cooeric  aldehyde,  CigH^gO.  With  acetyl  chloride,  it  forms  crystal- 
line sycoceryl acetate: 

Ci,H»OH    -f.    C,H,Oa    a=    Ha    -\-     CnH^.O.CjHjO . 

With  benzoic  acid  it  yields,  in  like  manner,  sycoceryl  benzoate, 
CjiHjg.O.C^HjO,  which  crystallizes  in  prisms  from  solution  in  benzene  or 
chloroform. 

The  resin  of  Fxcus  rnhigino8a^  an  Australian  plant,  is  resolved  by  treat- 
ment with  alcohol,  into  about  73  per  cent,  ofsycoretin,  soluble  in 
cold  alcohol,  14  per  cent,  of  sycoceryl  acetate,  soluble  in  hot  alcohol,  and 
13  per  cent,  of  residue,  consisting  of  caoutchouc,  sand,  and  fragments  of 
bark.  Sycoretin  is  an  amorphous  white  neutral  resin,  very  brittle, 
and  highly  electric  ;  it  melts  in  boiling  water  to  a  thick  liquid  which  floats 
on  the  surface.  It  dissolves  easily  in  alcohol,  ether,  chloroform,  and  oil 
of  turpentine. 
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Diatomic  Alcohols, 

Bensylene  Glycol,  CqHj.CH(OH)j„  appears  (for  reasons  already  as- 
signed, p.  600),  to  be  incapable  of  existing,  the  reactions  which  might  be 
expected  to  produce  it  leading  in  reality  to  the  production  of  benzaldehyde, 
Cgllj.CHO.  Its  ethers  are  formed  from  benzal  chloride,  C^H^.CUCl,  (p. 
(82ti)  by  the  action  of  sodium  alcoholates,  or  of  the  salts  of  organic  acids. 
The  dimeUiylic  ether,  CeUft.CHCOCHg),,  boils  at  208O  C.  (406.4P  F.) ;  the 
diethylic  ether,  CeHj-CHCOCgHj),  at  222©  C.  (431.60  F.).  The  acetic  ether, 
Call5.CH(0.C,H,0)j,  is  crystalline ;  melts  at  3GO  C.  (96.80  F.),  and  boils 
at  190O  C.  (3740  F.)*  being  resolved  at  the  same  time  into  benzaldehyde 
and  acetic  anhydride. 

Xylylene  Glycol  (para),  CsH4<^jj«"Qy  ,  obtained  by  heating  para- 

xylylene  bromide  or  dibromoparaxylene,  C,H^(CHjBr),,  with  water  to  170Q- 
180O  C.  (33SO-3560  F.),  crystallizes  in  colorless  needles  melting  at  112CX- 
1130  C.  (233.0OL.236.4O  F.),  easily  soluble  in  water,  converted  by  oxidi- 
zing agents  into  terephthalic  acid.  Its  diacetic  ether,  C, H4(C1I,.0C2U|0)„ 
melts  at  47©  C.  (11G.60  F.). 


The  following  componnds  have  the  hydroxyl  groups,  partly  in  the  prin- 
cipal, partly  in  the  lateral  chains,  and  are  therefore  both  alcohols  and 
phenols. 

Saligenin,  C^HgO,  s  CeH/OH)— CH^OH,  or  Ortho^xybenzyl  alcohol,  ia 
formed  by  the  action  of  nascent  hydrogen  on  salicylic  aldehyde,  C4H4(OU). 
CHO  ;  and  by  decomposition  of  salicin,  Ci,Hi(jO,  (a  bitter  substance  found 
in  willow  and  poplar  bark),  under  the  influence  of  emulsin  or  synaptase, 
the  ferment  of  sweet  almonds. 

CijHiA    +     H,0    =    CgHiA    +     C^HgO,. 
salicin.  QluooBe.  SAligenin. 

Saligenin  forms  colorless,  nacreous  scales,  freely  soluble  in  water,  alco- 
hol, and  ether.  It  melts  at  820  C.  (179. GO  F.),  and  decomposes  at  about 
lOOO.  Dilute  acids  at  boiling  heat  convert  it  into  sal  ire  tin,  CfH^O,  a 
resinous  substance  differing  from  saligenin  by  the  elements  of  water. 
The  same  substance  is  produced  directly  from  salicin  by  boiling  with 
dilute  acids.  Many  oxidizing  agents,  as  chromic  acid  and  silver  oxide, 
convert  saligenin  into  salicylic  aldehyde  and  salicylic  acid :  this  shows 
that  it  is  an  ortho-compound.  The  aqueous  solution  of  saligenin  gives  a 
deep  indigo-blue  color  with  ferric  salts. 

Cidorinated  derivatives  of  saligenin,  viz.,  C^H^CIO,  and  C^H^Cl^O,,  are  ob- 
tained by  the  action  of  synaptase  on  the  oorrespondinfi;  chlorosalicin. 

Aniayl  Alcohol,  or  Methyl-paraozybenzyl  Alcohol,  CgH^oO,  ^ 

CaH^<^^jj  ^jj  ,  is  prepared  from  anisaldehyde   (p.  890),  in  the  same 

manner  as  benzyl  alcohol  from  benzaldehyde.  It  crystallizes  in  colorless 
shining  prisms  ;  has  a  faint  odor  and  burning  taste  ;  melts  at  250  C.  (77^ 
P.),  and  distils  undtHJomposed  at  258.80  C.  (497.80  F.).  By  oxidizing 
agents  it  is  converted  into  anisaldehyde  and  anisic  acid  ;  by  hydroclilorio 
acid  into  a  volatile  chloride,  C,H4(0CHj).CH,Cl. 
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Vanillic,  or  Methyl-protocatechoic  Alcohol,  CgH^oO,  as 

CfH,-  OH         y  obtained  by  the  action  of  sodium-amalgam  on  an  aqueous 

\CH,.OH 
solution  of  vanillin  (9.  v.)>  forms  colorless  prismatic  crystals,  melting  at 
103Q-105O  C.  (217.40-2210  F.),  soluble  in  water  and  in  alcohol. 

Piperonylio,   or   Methene-protocatechuic    Alcohol,   CgH^O,  ss 

/^^\CH 
CjHj    O^      *  ,  obtained  in  like  manner  from  piperonal  (g.  v.),  forms 

\CHpH 

long  colorless  prisms,  melting  at  57^  C.  (134.6^  F.),  sparingly  soluble  in 

cold,  more  easily  in  hot  water,  very  soluble  in  alcohol. 


A  triatomio  alcohol  called  Stycerin,  or  Fhenyl-glycerin, 
CgH,g03  =  C«H5.CH(OU).CH(OH).CH20H,  formed  by  heating  the  corre- 
sponding dibromhydrin,  CeHs.CIIBr.CIlBr.CHjOH,  with  water  to  lOOO  for 
24  hours,  is  a  light  yellow  gummy  mass,  easily  soluble  in  water  and  in 
alcohol.  The  dibromhydrin,  obtained  by  direct  combination  of  bromine 
with  styryl  alcohol,  forms  large  colorless  shining  plates  or  slender  needles, 
melting  at  740  G.  (165.20  F.).  The  tribromhydrin,  C^H^Brg  =  CgHj. 
CH Br.CHBr.cn jBr,  obtained  by  treating  the  dibromhydrin  with  excess  of 
concentrated  hydrobromio  acid,  forms  shining  needles  melting  at  124^  C. 
(255.20F.). 


2.  UxsATDRATED  Alcohcls  and  Phenols  : 

.  Clnnyl  Alcohol,  Styryl  Alcohol,  or  Sty  rone,  C^'Rifi^=C^BfiU,  or 
CgHgCHlZClI.CHjOH,  is  obtained  by  heating  styraciu  or  cinnyl  cinnamate, 
CsHgCOCgH^O)  (a  compound  contained  in  liquid  storax  and  in  balsam  of 
Peru),  with  caustic  alkalies.  It  crystallizes  in  soft  silky  needles,  having 
a  sweet  taste  and  an  odor  of  hyacinths,  melting  at  33^  C.  (91.4^  F.),  and 
volatilizing,  without  decomposition,  at  a  higher  temperature.  It  is  mode- 
rately soluble  in  water,  freely  in  alcohol  and  ether.  By  oxidizing  agents 
it  is  converted  into  cinnamic  aldehyde,  C^HgO,  and  cinnamic 
acid,  C^ligOj,  being  related  to  those  compounds  in  the  same  manner  as 
ethyl  alcohol  to  acetic  aldehyde  and  acetic  acid.  With  fuming  sulphuric 
acid  it  forms  a  sulpho-acid,  C^HjqSOj,  the  barium-salt  of  which  is  soluble 
in  water.  It  unites  directly  with  2  atoms  of  bromine,  forming  styceric 
dibromhydrin,  CgHjQBrgO,  described  above. 

Allyl  Phenol,  or  And,  C,H,oO  =  C^fH^COHXCsHs),  formed  by  fusing 
anisaldehyde  (p.  890)  with  potash,  crystallizes  in  shining  laminae,  melt- 
ing at  920  C.  (197.60  F.),  and  decomposing  when  distilled. 

Methyl-ally  1  Phenol,  Anethol,  or  Anise-camphor,  C|oH„0  ss 
C«H4(OCHs)(C3H2),  is  a  constituent  of  the  volatile  oils  of  anise,  fennel, 
and  tarragon,  and  separates  therefrom  on  cooling  in  soft  shining  scales, 
melting  at  20©  C.  (68O  F.),  and  boiling  at  2250  C.  (437©  F.).  By  oxida- 
tion with  chromic  acid,  it  is  resolved  into  acetic  and  anisic  acids.  On 
heating  it  with  hydriodio  acid,  the  methyl  group  is  separated,  and  the 
mass  becomes  resinized. 

Eugenol,  CjoHuO,,  =  CeH,(OH)(OCH5)(C3H5),  (Eugenic,  or  CaryophjUic 
acid)f  occurs  in  oil  of  cloves  (from  the  flowers  of  Caryophyllus  aroniaticus). 
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in  oil  of  pimento  (from  MyrUu  pimento),  and  a  few  other  volatile  oils,  and 
may  be  obtained  therefrom  by  solution  in  potash,  filtration,  and  precipi- 
tation l;y  carbonic  acid.  It  is  a  colorless,  aromatic  liqaid,  of  sp.  gr. 
1.0779  at  OO,  boiling  at  247.50  C.  (477.50  F.),  soluble  in  alcohol.  Ferric 
chloride  colors  the  solution  blue.  £ugenol,  heated  with  hjdriodic  acid, 
gives  off  methyl  iodide.  By  fusion  with  potash  it  is  resolved  into  acetic 
acid  and  protocatechuic  acid,  CgH,(OH)2.C02H.  These  reactions  determine 
its  constitution. 

Eugenol  dissolves  in  soda-lye,  forming  sodium-eugenol — CgHjCCjH*) 
(ONa)(OCH^),  which  is  converted  by  methyl  iodide  into  methyl-eagenol, 
CyigCCjHjXOCHj),,,  which,  by  oxidation  with  chromic  acid  mixture, 
yields  dimethyl-protocatechuic  acid,  CgH3(OCHj)2.CO,H.  In  like  manner 
are  formed  ethyl-eugenol,  propyl -eugenol,  etc. 

Coniferyl  alcohol,  C,pH,gOj  =  C,H8(OH)(OCH8).C8H40H,  is  formed  by 
the  decomposition  of  coniferin  (see  Glucosidrs)  under  the  influence  of 
emulsin.  It  crystallizes  in  colorless  prisms,  melting  at  740-75'^  C.  (165.2P- 
1670  B\)  ;  is  insoluble  in  cold  water,  slightly  soluble  in  hot  water,  easily 
in  ether  and  in  alkalies.  Dilute  acids  convert  it  into  a  resinous  polyme- 
ride.     By  oxidation  with  chromic  acid  mixture  it  yields  vanillin  (p.  891). 

Cholesterin,  C^^H^O,  a  product  of  the  animal  organism,  is  homologous 
with  ciunyl  alcohol,  and  has  the  characters  of  a  monatoniic  alcohol.  It  is 
found  in  small  quantity  in  various  parts  of  the  animal  system,  as  in  the 
bile,  the  brain  and  nerves,  and  the  blood  <  it  forms  the  chief  ingredient  of 
biliary  calculi,  from  which  it  is  easily  extracted  by  boiling  the  powdered 
gall-stones  in  strong  alcohol,  and  filtering  the  solution  while  hot ;  on  cool- 
ing, the  cholesterin  crystallizes  in  brilliant  colorless  plates.  It  is  a  fatty 
substance,  insoluble  in  water,  tasteless,  and  inodorous  ;  it  is  freely  soluble 
in  boiling  alcohol  and  in  ether,  also  in  chloroform,  and  crystallizes  from 
the  alcoholic  solution  in  beautiful  white  laminse  having  a  mother-of-pearl 
lustre.  It  molts  at  1370  C.  (278.60  F.),  and  sublimes  at  200O  C.  (392©  F.). 
-On  adding  a  solution  of  cholesterin  in  cliloroform  to  strong  sulphuric  acid, 
the  chloroform  becomes  purple-red,  while  the  sulphuric  acid  below  it  ex- 
hibits a  greenish-yellow  fluorescence :  the  red  chloroform  solution  evaporated 
in  a  porcelain  capsule  turns  blue,  green,  and  finally  yellow. 

Heated  with  strong  sulphuric  acid,  it  gives  up  water,  and  yields  a  resi- 
nous hydrocarbon,  CjjH^j.  With  nitric  acid  it  yields  cholesteric  acid, 
CgHiyOs,  together  with  other  products.  With  chlorine  and  bromine  it 
forms  substitution-products.  Heated  to  200O  C.  (3920  F.)  with  acetic, 
butyric,  benzoic,  and  stearic  acids,  it  forms  compound  ethers.  The  acetate 
and  stearate  crystallizes  in  needles,  the  former  melting  at  920  C.  (197.60 
F.),  the  latter  at  200©  C.  (3920  F.).  The  benzoate  forms  thick  prisms,  melt- 
ing at  1250-1300  C.  (2570-2660  F.).  With  PCI5,  or  strong  hydrochloric 
acid,  it  yields  the  chloride,  CjgH^Cl,  which  crystallizes  in  needles,  and  ia 
converted  by  ammonia  into  cholesteramine,  CggH^j.NH,. 

Iso cholesterin,  C^H^jO,  occurs,  together  with  cholesterin,  in  the 
grease  of  sheep's  wool,  and  may  be  separated  by  saponifying  the  fat,  heat- 
ing the  mixture  of  cholesterin  and  isooholesterin  thus  obtained  with  ben- 
zoic acid,  whereby  they  are  converted  into  benzoic  ethers,  and  crystallizing 
these  compounds  from  common  ether,  the  cholesteryl  benzoate  separating 
in  thick  tabular  crystals,  the  isochol  eatery  I  benzoate  in  slender  needles, 
and  from  the  latter  the  isooholesterin  may  be  obtained  by  heating  with 
alcoholic  potash.  It  crystallizes  from  ether  or  acetone  in  slender  needles, 
melting  at  1370-1380  C.  (278. 60-280.20  F.).  It  does  not  give  any  color  re- 
action with  chloroform  and  sulphuric  acid,  but  in  other  respects  it  reacts 
like  cholesterin.    Its  benzoic  ether  melts  at  190O-191O  C.  (374P-375.80  P.). 
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AROMATIC  ALDEH7DES. 

1.     ALDEHYDES    ANJLLOQOVB   TO   MON ATOMIC  ACIDS. 

Four  aldehydes  are  known,  belonging  to  the  series  CnHj^^gO,  analogous 
to  benzoic  acid  and  its  homologues,  viz. : 

Benzoic  Aldehyde,  C^HfO 

Toluic  Aldehyde,  CgHgO 

Cumic  Aldehyde,  C,oHijO 

Sycocerylic  Aldehyde,  CjgH^gO . 

These  aldehydes  exhibit  the  same  general  reactions  as  those  of  the  fatty 
series,  and  are  obtained  by  similar  processes. 

Benzoic  Aldehyde,  Benzaldehyde,  or  Bitter-al- 
mond oil,  CtHjO  =  CgHj.ClU)  =  C^HjO.U,  is  produced— 1.  By  the 
oxidation  of  benzyl  alcohol.  2.  By  the  action  of  nascent  hydrogen  on 
chloride  or  cyanide  of  benzyl : 

CjHj.coa  +   H,  =  na  +   cjIs.cho. 

3.  By  heating  benzal  chloride,  CeHg.CHCl,,  with  water  to  130O-140O  C. 
(i6iJP-2S4P  F.).  4.  By  heating  benzyl  chloride,  C^Hj.CHaCl,  with  an 
aqueous  solution  of  lead  nitrate.  5.  By  the  oxidation  of  amygdalin  with 
nitric  acid.  6.  By  digesting  bitter  almonds  with  water  for  five  or  six 
hours  at  30O-40O  C.  (8GO-104O  F.).  The  synaptase  present  then  acts  as 
a  ferment  on  the  amygdalin,  converting  it  into  glucose,  benzoic  aldehyde, 
and  hydrocyanic  acid  (see  Glucosides). 

7.  Bonzoic  aldehyde  is  formed,  together  with  many  other  products,  by 
the  action  of  a  mixture  of  manganese  dioxide  and  sulphuric  acid  on  albu- 
min, fibrin,  casein,  and  gelatin. 

Pure  iHjnzoic  aldehyde  is  a  thin,  colorless  liquid,  of  great  refractive 
power,  and  peculiar,  very  agreeable  odor;  its  density  is  1.050  at  15©  C. 
(590  F.),  and  its  boiling  point  180O  C.  (3560  F.)  :  it  is  soluble  in  about  30 
parts  of  water,  and  miscible  in  all  proportions  with  alcohol  and  ether. 
Exposed  to  the  air,  it  rapidly  absorbs  oxygen,  and  is  converted  into  crys- 
tallized benzoic  acid.  Heated  with  solid  potassium  hydroxide,  it  gives  off 
hydrogen,  and  yields  potassium  benzoate.  With  the  alkaline  bisulphites  it 
forms  beautiful  crystalline  compounds.  The  vapor  of  the  oil  is  inflam- 
mable, and  burns  with  a  bright  flame  and  much  smoke. 

Benzoic  aldehyde,  treated  with  sodium  amalgam,  is  converted  into  benzyl 
alcohol,  G,IlgO.  With  phosphorus  pentachlorule  it  yields  benzal  chloride, 
C,HeCl,: 

CeH^.CHO    +     PGlj    =    PCljO    -f    CeHj.CHClj. 

Ammonia  converts  it  into  hyd robe nz amide,  a  white  crystalline 
neutral  body,  which,  when  boiled  with  aqueous  potash,  is  converted  into 
an  isomeric  basic  compound  called  a  m  a  r  i  n  e : 

3C,l{fi    +    2NH,    s     (C,H.)3N,    +    3H,0 

All  the  aromatic  aldehydes  act  with  ammonia  in  a  similar  manner,  and 
are  thereby  distinguished  from  the  fatty  aldehydes. 

Amarine  and  hydrobenzamide  yield  by  dry  distillation  an  isomeric  base, 
C^iHjgN,,  called  lophine,  which  crystallizes  in  long,  sparingly  soluble 
needles,  melting  at  290^  C.  (554^  F.),  and  unites  with  acids,  forming 
crystalline  salts. 
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Tolulc    Aldehyde,   C^Ufi  =  C,H^<^hJ)  (1  :  4),  is  prodaoed 

by  distilling  a  mixture  of  the  calcium-salts  of /Mzra-toluic  and  formic  acids. 
The  oily  distillate  agitated  with  acid  sodium  sulphite,  forms  a  crystalline 
compound,  which,  when  distilled  with  sodium  carbonate,  yields  the  alde- 
hyde, as  an  oil  having  a  peppery  odor,  and  boiling  at  204P  C.  (399.20  F.)- 
On  exposure  to  the  air,  it  is  gradually  converted  into  para>toluic  acid, 
CgHgOj.  With  alooholic  potash  it  forms  potassium  para-toluato  and  para- 
xylyl  alcohol : 

UCgHgO    +     KOH    =    CgH^KO,    +     CgHioO  . 

Cnmlo  Aldehyde,  CipHiaO  =  CeH^<^-^  (1  :  4),  exists,  to- 
gether with  cymene,  CioHj^,  in  the  essential  oil  of  cumin,  and  in  that  of 
water-hemlock  (^Cicuta  riVosa),  and  may  be  obtained  by  agitating  either  of 
these  oils  with  acid  sodium  sulphite,  which  takes  up  the  cumic  aldehyde, 
but  not  the  oymene,  and  forms  a  crystalline  compound,  from  which  the 
aldehyde  may  be  separated  by  distillation  with  potash.  Cumio  aldehyde 
is  a  colorless  or  slightly  yellow  liquid  having  a  powerful  odor,  and  boiling 
at  237^  C.  (458. 60  F.).  It  is  easily  oxidized  in  the  air,  so  that  it  must  be 
distilled  in  a  current  of  carbonic  acid  gas.  It  is  converted  into  cumic 
acid,  C^o^ix^flf  ^y  oxidation,  and  by  alooholic  potash  into  potassium  cnmate 
and  cymyl  alcohol,  CigHj^O. 

Byoocerylio  Aldehyde,  CigH^O,  is  produced  in  thin  prisms  by  oxi- 
dizing sycoceryi  alcohol  with  aqueous  chromic  acid. 


Cinammlc  Aldehyde,  CgHgO. — ^This  compound,  which  is  the  only 
known  member  of  the  series  of  aldehydes  G„H^_iqO,  constitutes  the  es- 
sential part  of  the  volatile  oils  of  cinnamon  and  cassia,  which  are  ob- 
tained from  the  bark  of  different  trees  of  the  genus  Ctnnaniomunt,  order 
LauracecE — viz.,  oil  of  cinnamon  from  Ceylon  cinnamon,  and  oil  of  cassis 
from  Chinese  cinnamon.  The  aldehyde  may  be  separated  from  these  oils 
by  means  of  acid  potassium  sulphite.  It  is  produced  artificially  by  oxi- 
dation of  styryl  alcohol ;  by  dry  distillation  of  a  mixture  of  cinnamate  and 
formate  of  calcium,  and  by  saturating  a  mixture  of  bt^nzaldehyde  and 
acotaldehyde  with  hydrochloric  acid  : 

CjHj.CUO    -f-     CHj.CHO    =    H,0    +    C.Hj.CH^iCH.COH . 

This  last  reaction  is  analogous  to  the  formation  of  crotonic  aldehyde  by 
condensation  of  acotaldehyde  (p.  673). 

Ciunamic  aldehyde  is  a  colorless  oil,  rather  heavier  than  water.  It 
may  be  distilled  without  alteration  in  a  vacuum,  or  with  de-aerated  water, 
but  absorbs  oxygen  quickly  on  exxKWure  to  the  air,  and  passes  into  cin- 
namic  acid.  When  fused  with  potash,  it  forms  potassium  cinnamate, 
and  gives  off  hydrogen  :  C^Ufi  -h  KOH  =  C^H^KO,  -f-  11,.  Ammonia  gas 
converts  it  into  hydrocinnamide :  3C,HgO  +  2NH,  «  (CjH8),N,  +  3H,0. 


2.    ALDEHYDES  ANALOGOUS  TO  DIATOMIC   AND  X0H0BA8IC   ACIDS. 

SaUcyllo  Aldehyde,  or  SaUcylal,  CyH^O,  =  C,H4<^gQ  ,  (1  :  2), 
Oxyhenzaldehyde,  formerly  called  Salicylous  Acid. — ^This  compound  ooours 
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in  herbaceous  Spiraeas,  especially  in  the  flowers  of  meadow-sweet  {Spircea 
idmarid).  It  is  formed  artiUcially  by  oxidizing  saligeuin,  CgH4(OH).CHjOH 
(p.  884),  or  its  glucosides,  salioin  and  populin  (see  Glccosides),  and,  to- 
gether with  the  isomeric  para-compound,  by  the  action  of  chloroform  on 
an  alkaline  solution  of  phenol : 

CeHjCOH)     +     CliCl,    +     HjO     =     3HC1    -f     CeH4(0H).CH0  . 

This  last  reaction  affords  the  easiest  method  of  preparing  sallcylal.  Chlo- 
roform (3  parts)  is  gradually  added,  with  agitation,  to  a  solution  of  phenol 
(2  parts)  and  sodium  hydroxide  (4  parts)  in  6-7  parts  of  water  at  50Q- 
6(P  C.  (122P-140O  F.),  in  a  vessel  with  reversed  condenser  ;  and  a  quan- 
tity of  water  is  added,  sufficient  to  form  (after  heating  to  60O  C.  [14(P  F.] 
for  half  an  hour)  a  clear  red-brown  liquid,  which  is  to  be  kept  l)oiling 
for  two  hours,  then  acidulated  and  distilled.  Salicylal  and  phenol  then 
pass  over,  while  para-oxybenzaldehyde  remains  behind.  The  distillate  is 
shaken  with  ether,  and  the  salicylic  aldehyde  is  separated  from  the  ethe- 
real solution  by  agitation  with  acid  sodium  sulphite. 

Salicylal  is  a  thin,  colorless,  fragrant  oil,  acquiring  a  red  tint  by  expo- 
sure to  the  air.  It  has  a  specific  gravity  of  1.1725  at  15°  C.  (59^  F.), 
solidifies  at  — 2lP  C.  (—40  F.),  boils  at  19GO  C.  (384.80  F.),  and  burns 
with  a  bright  smoky  flame.  Water  dissolves  a  perceptible  quantity  of 
salicylal,  acquiring  its  fragrant  odor,  and  the  property  (likewise  exhibited 
by  salicylic  acid)  of  producing  a  deep-violet  color  with  ferric  salts.  Alco- 
hol and  ether  dissolve  it  in  all  proportions. 

Salicylal  is  oxidized  to  salicylic  acid  by  boiling  with  cuprio  oxide  in 
alkaline  solution,  partly  also  by  potassium  dichromate  and  sulphuric  acid  ; 
it  likewise  reduces  silver  oxide.  When  heated  with  potassium  hydroxide 
it  is  converted  into  potassium  salicylate,  with  evolution  of  hydrogen  : 

C,HeO,    +     KOH     =    C^H^KO,    +     H, . 

By  nascent  hydrogen  it  is  converted  into  saligenin,  C^HgOg ;  by  am- 
monia into  hydros  alloy  lamide: 

3C,HeO,    +     2NH,    =     3n,0    +     C^HigOsN, . 

Salicylal  is  attacked  by  chlorine  and  bromine,  forming  G^HgClOj  and 
G^HjBrOj,  both  of  which  are  crystalline  bodies,  having  acid  properties. 
With  moderately  strong  nitric  acid  it  forms  nitrosalicylal,  CyH5(N0,)0„ 
which  is  also  crystallizable,  and  forms  crystallizable  salts.  With  PCI5,  at 
ordinary  temperatures ,  salicylal  forms  orthoxybenzal  chloride, 
Ge,H4(OH).CHCl2,  crystallizing  in  prisms,  and  melting  at  820  C.  (179.60 
F.);  and  when  heated  with  PCI5,  it  yields  orthochlorobenzal 
chloride,  CeH^Cl.CHClj,  a  liquid  boiling  at  227O-230O  C. (440.60-4460 
F.),  and  isomeric  with  parachlorobenzal  chloride  from  toluene  (p.  826). 

Salicylal  dissolves  in  alkalies,  forming  crystalline  compounds,  formerly 
called  salicylites.  The  potassium  compound,  C„H4(0K).CH0,  forms  square 
plates,  easily  soluble  in  water  and  in  alcohol,  and  decomposing  quickly 
when  exposed  in  the  moist  state  to  the  air. 

Methyl-salioylal,  C8H4(OCHs).CHO,  obtained  by  the  action  of 
methyl  iodide  on  potassium  salicylal,  is  a  liquid  boiling  at  2380  C. 
(460.40  F.).  Ethyl-salicylal,  prepared  in  like  manner,  boils  at 
2480C.  ^478.4CF.). 

Acetyl-salicylal,    0^11803  =  0^114(00,1130). CHO,  metamerio  with 

coumaric  acid  (7.  r.),  is  formed  by  the  action  of  acetic  anhydride  on  sodium- 

fialicylal     at    ordinary   temperatures  :     04H4(ONa).CHO  -|-  (02Hj,O)2O  =s 

CaHjO.ONa  -f  CeH4(002HjO).GHO.    The  acetic  oxide  is  added  to  an  equiva- 

75 
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lent  quantity  of  powdered  anhydrous  sodium-sal icylal  suspended  in  pure 
dry  ether,  and  after  the  whole  has  stood  for  twenty-four  hours,  the  ethe- 
real liquid  is  filtered  oif  from  the  sodium  acetate,  then  evaporated,  and  the 
crystalline  cake  which  separates  on  cooling  is  purified  by  pressure  between 
bibulous  paper,  and  crystallization  from  alcohol.  Acetosalicylal  thus  pre- 
pared melts  at  37©  C.  (98.GO  F.),  boibi  at  about  253^^  C.  (487.4P  F.),  and 
distils  without  decomposition.  It  forms  definite  compounds  with  alkaline 
bisulphites.  It  is  decomposed  by  alcoholic  potash,  with  formation  of 
potassium  acetate  and  potassiuiu-salicylal : 

CeIl4(C,H,0)0.CH0  +  2K0H  =  C.H^KO.CUO  +  C,H,KO,  +  H,0 . 

Acetosalicylal  likewise  unites  directly  with  acetic  oxide. 

If  tlie  product  of  the  action  of  acetic  oxide  on  salicylal,  instead  of  being 
treated  in  the  manner  above  described,  be  poured  into  water  after  a  few 
minutes'  boiling,  an  oily  liquid  sinks  to  the  bottom,  and  sodium  acetate 
remains  in  solution  ;  and  on  distilling  this  oil,  and  collecting  apart  that 
wbich  passes  over  after  the  temperature  has  risen  to  29(P  C.  (5540  F.),  a 
crystalline  substance  is  obtained,  having  the  composition  of  acetosalicylal 
minus  one  nu>lecule  of  water :  this  substance  is  identical  in  every  respect  with 
coumarin  or  coumaric  anhydride,*  the  odoriferous  principle  of  the  Tonka 
beau  (see  Couuabic  Acid). 

Paxaozybensaldehyde,  C,H4(0H).CH0  (1:4),  is  produced  together 
with  salicylic  aldehyde,  by  the  action  of  chloroform  on  phenol  dissolved 
in  caustic  soda  (p.  889),  and  may  be  extracted  by  ether  from  the  filtered 
residue  of  the  distillation,  and  purified  by  recrystallization  from  water. 
It  forms  stellate  groups  of  slender  needles  ;  melts  at  1150-1160  C.  (239^- 
240.8"^  F.);  sublimes  without  decomposition,  dissolves  sparingly  in  oold, 
more  readily  in  hot  water,  easily  in  alcohol  and  ether.  Ferric  chloride 
colors  its  solution  dingy  violet.  It  forms  easily  soluble  compounds  with 
alkaline  bisulphites. 

Anlsaldehyde    or    Methyl-paraozybenzaldehyde,    CfH4(0CH),. 

CHO,  isomeric  with  methyl-salicylal,  is  formed,  together  with  anisic  acid, 
by  oxidation  of  anisic  alcohol,  Cf^Hi^Oj,  in  contact  with  platinum  black ; 
also  by  the  oxidizing  action  of  dilute  nitric  acid  on  the  volatile  oils  of 
anise,  fennel,  «and  tarragon,  which  contain  anethol,  CiqH^O.  The  product 
of  the  oxidation  is  shaken  up  with  the  acid  sodium  sulphite,  and  the  re- 
sulting crystalline  compound  is  decomposed  by  solution  of  sodium  car- 
bonate. 

Anisaldehyde  is  a  colorless  oil,  having  an  aromatic  odor  and  bnrnhig 
taste,  a  density  of  1.123  at  150  C.  (590  F.),  and  boiling  at  2480  C. 
(478.40  F.).  It  is  nearly  insoluble  in  water,  but  soluble  in  all  proportions 
in  alcohol  and  ether.  It  is  converted  by  oxidation  into  anisic  acid,  CgH,0, ; 
by  nascent  hydrogen  into  anisic  alcohol,  CgHjoO^ ;  and  forms  crystalline 
compounds  with  alkaline  bisulphites.  Ammonia  converts  it  into  anishy- 
dramide,  C24H24O3N2.  By  alcoholic  potash  it  is  decomposed  in  the  same 
manner  as  benzoic  aldehyde,  yielding  potassium  anisate  and  anisic  alco- 
hol: 

2C3HA    +     KOH    =    CgH^KO,    +     CgHjoO,. 
*  P  e  r  k  i  n ,  Chem.  Soc.  Journ.,  1868,  p.  16L 
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3.    ALDBRTDBS  ANALOGODS  TO  MO>'OBASIC  AND  TRI ATOMIC  ACIDS. 

Diozybenzaldehyde  or  Protocatechuic  Aldehyde,  C^Hf^Oj  =s 
CeHjCOlOgCllO  (CHO  :  OH  :  OH  :  =  1  :  3  :  4),  produced  by  tke  action  of 
ohloroforiu  on  an  alkaline  solution  of  pyrocatechin  : 

C,H/OH),    +     CHCl,    +     Ufi     =    CeH8(0H)j.CH0    +     3HG1 ; 

also  by  boiling  dichloropiperonal  with  water,  and  by  heating  vanillin  or 
piperonal  with  dilute  hydrochloric  acid  to  201)0  c.  (3920  F.).  Flat  shin- 
ing crystals,  melting  at  150^  C.  (302O  F.),  easily  soluble  in  water.  The 
aqueous  Holution  is  colored  deep  green  by  ferric  chloride ;  by  fusion  with 
potash,  the  aldehyde  is  converted  into  protocatechuic  acid. 

Vanillin,  C«H80,  =  C.H3(OH)(OCHs).CnO,  Methyl-protocatechuic  Aide- 
hydCf  is  the  ocloriferous  principle  of  vanilla  (the  fruit  of  Vanilla  aromutica)f 
in  which  it  exists  to  the  amount  of  about  2  per  cent.  It  is  produced  artili- 
cially  from  coniferin,  C,gHa2^8,  a  glucoside  occurring  in  the  cambial 
secretion  of  all  coniferous  plants,  by  oxidation  with  chromic  acid  mixture; 
or  the  coniferin  may  be  resolved  by  boiling  with  dilute  acids,  or  by  the  ac- 
tion of  emulsin,  into  glucose  and  couiferyl  alcohol  (p.  88G)  : 

CjgHjjjOg    4-     HjO    =    CgHjaOj    +     Cj^HijO, , 

and  the  coniferyl  alcohol  oxidized  by  chromic  acid  mixture.  Vanillin  is 
also  produced  (similarly  to  protocatechuic  aldehyde)  by  the  action  of 
chloroform  on  an  alkaline  solution  of  guaiacol  (methyl  pyrocatechin,  p. 
490). 

Vanillin  crystallizes  in  stellate  groups  of  colorless  needles,  melts  at  80O- 
810  C.  (17tP-177.80  F.),  and  sublimes  when  cautiously  heated ;  dissolves 
sparingly  in  cold,  more  freely  in  hot  water,  easily  in  alcohol  and  ether. 
It  forms  crystalline  compounds  with  bases.  When  boiled  with  dilute  hy- 
drochloric acid,  it  is  resolved  into  methyl  chloride  and  protocatechuic 
aldehyde ;  and  when  fused  with  potash,  it  is  converted,  by  oxidation  of 
the  aldehyde-group  CHO,  and  separation  of  the  methyl-group  into  proto- 
catechuic acid.  Bromine  converts  it  into  bromovanillin,  CgH^BrOj, 
which  crystallizes  in  yellowish  laminae  melting  at  1610  C.  (321. 8^  F.). 

Dimethyl-protocatechuic  Aldehyde,  or  Methyl-vanillin, 
CeH3(OClIg)8.CHO,  and  Ethyl-methyl-protocatechuic  Aldehyde, 
or  Ethyl-vanillin,  CeH,(OCH3)(OCaH5).GHO,  are  formed  by  the  action 
of  methyl  iodide  or  ethyl  iodide  on  potassium-vanillin.  Both  crystallize 
in  colorless  prisms,  slightly  soluble  in  cold  water,  somewhat  more  easily 
in  alcohol  and  ether.  The  former  melts  at  150-200  C.  (59CM)80  F.),  and 
boila  at  2850  C.  (5450  p.)  ;  the  latter  melts  at  640-650  C.  (147.20-1490 
F.),  and  easily  sublimes. 

Piperonal,  CgH^O^  =  Cn2<^^>CaH3— CHO,  Melhene-protocaiechuic  Al- 

defiyde^  is  obtained  by  distilling  a  dilute  solution  of  potassium  piperate 
with  potassium  permanganate,  and  agitating  the  distillate  with  ether.  It 
forms  long,  colorless,  shining  crystals,  having  a  very  pleasant  odor  ;  melta 
at  370  C.  (98.60  F.),  boils  at  2630  C.  (605.40  F.)  ;  dissolv<«  sparingly  in 
cold,  more  freely  in  hot  water,  easily  in  alcohol  and  ether ;  unites  with 
acid  sulphites  of  alkali-metal.  Heated  with  3  mol.  PCI5,  it  yields  liquid 
dichloropiperonal  chloride,  CgH^Cl^Oj,  which  is  resolved  by  cold  water  into 

hydrochloric  acid  and  dichloropiperonal,  C^H^CljO,  ==  CClj<^^>r„H3— 

CHO,  and  by  boiling  with  water  into  CO^  and  protocatechuic  aldehyde. 
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4.    ALDEHYDES  ANALOGOUS  TO  BIBASIC  ACIDS. 

PhthaUo  Aldehyde,  GJIeOj  =  CgH/CHO),  (1  :  2),  is  formed  by  treat- 
ing phthalyl  cliioride,  C8H4O2CI2,  witli  zinc  aad  hydrochloric  acid,  or  by 
dissolving  magnesium  in  a  cooled  solution  of  phthalyl  chloride,  and  may 
be  extracted  by  neutralizing  the  solution  with  sodium  carbonate  and  agi- 
tating with  ether.  It  crystallizes  from  hot  water  in  small  colorless  rhom- 
bic tables,  melts  at  650,  and  sublimes  when  cautiously  heated ;  dissolves 
sparingly  in  cold,  more  readily  in  boiling  water,  easily  in  alcohol  and 
ether. 

Terephthalio  Aldehyde  (1:4)  is  formed  by  prolonged  boiling  of 
toUylene  chloride  (p.  828)  with  water  (20  parts)  and  lead  nitrate  (1  part), 
and  subsequent  distillation.  Crystallizes  in  slender  needles,  melting  at 
1140^1150  C.  (237.20-2390  P.). 

Both  these  aldehydes  dissolve  sparingly  In  cold,  more  readily  in  boiling 
water,  easily  in  alcohol ;  the  ortho-compound  is  moderately  solnble,  the 
para-compound  easily  soluble  in  ether.  Both  form  crystalline  compounds 
with  acid  sodium  sulphite. 


KETONES. 

The  aromatic  ketones  may  contain  either  two  aromatic  alcohol-radicles 
(phenyl  and  its  homologues),  or  one  aromatic  radicle  and  one  alcohol- 
radicle  (methyl,  etc.)  belonging  to  the  fatty  series.  The  latter  only  will 
be  noticed  in  this  place,  the  former  in  connection  with  the  diphenyl-com- 
pounds. 

Phenyl-methyl  Ketone  or  Aoetophenone,  CgH5.CO.CHg,  is  formed 
by  distilling  a  mixture  of  benzoate  and  acetate  of  calcium,  or  by  the  action 
of  zinc-methyl  on  benzoyl  chloride : 

2(C,H5.C0.C1)     +     Zn(CH,),    =    ZnCl^    +    2(C5H5.CO.CH5) . 

It  crystallizes  in  large  laminas  melting  at  14P  C.  (57.20  F.),  is  converted 
by  nascent  hydrogen  into  phenyl-ethyl  alcohol  (p.  882),  and  resolved  by 
oxidation  with  chromic  acid  into  benzoic  acid  and  carbon  dioxide. 

Phenyl-ethyl  Ketone  or  Fropiophenone,  CeH^.CO.C^Hg,  from  ben- 
zoate and  propionate  of  calcium,  and  by  the  action  of  zinc-ethyl  on  ben- 
zoyl chloride,  is  a  liquid  which  boils  at  208Q-210O  C.  (406.4Q-410O  F.),  is 
converted  by  nascent  hydrogen  into  secondary  phenyl-propyl  alcohol,  and 
resolved  by  chromic  acid  into  benzoic  and  acetic  acids. 

Phenyl-propyl  Ketone  and  Phenyl-isopropyl  Ketone,  CgH..CO. 

CjH,,  are  formed  by  distilling  a  mixture  of  calcium  benzoate  and  butyrate 
or  isobutyrate  respectively.  The  former  boils  at  220O-222O  C.  (42SOu 
431. 60  F.),  and  is  oxidized  by  chromic  acid  to  benzoic  and  propionic  acids  ; 
the  latter  boils  at  2150  C.  (410°  F.),  and  is  oxidized  by  chromic  add  to 
benzoic,  acetic,  and  carbonic  acids. 

Benayl-methyl  Ketone,  CgHj.CHj.CO.CHa,  formed  by  distillation  of 
alphatoltfate  (phenyl-acetate)  and  acetate  of  calcium,  and  by  the  action 
of  zinc-mothyl  on  alphatoluio  chloride,  boils  at  214P-2160  C.  (417.22>- 
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420.80  F.)j  unites  with  acid  sodium  sulphito,  and  is  oxidized  bj  chromic 
acid  to  benzoic  and  acetic  acids. 

Benzyl- ethyl  Ketone, CoHg.CHj.CO.CjHj,  from  alphatoluic  chloride 
with  zinc-ethyl,  boils  at  22UO  C.  (438.80  F.),  and  is  oxidized  by  chromic 
aoid  to  ben2oio  and  propionic  acids. 


AROMATIC  ACIDS. 

1.  MoN ATOMIC  Acids,  C^H^n-gOj. 

These  acids,  which  bear  the  same  relation  to  the  hydrocarbons  homolo- 
gous with  benzene  that  the  fatty  acids,  CnH^^O,,  bear  to  the  paraffins, 
CnHjn+j,  are  produced  by  reactions  analogous  to  some  of  those  which  yield 
the  fatty  acids,  viz.  : 

1.  By  oxidation  of  the  corresponding  aldehydes  and  alcohols  :  thus 
benzoic  acid,  C^IIjO^  or  C^Hj.COOH,  is  formed  by  oxidation  of  benzalde- 
hyde,  CJIj.COH,  and  of  benzyl  alcohol,  C.Uj.CHaOH. 

2.  By  the  action  of  water  on  the  corresponding  acid  chlorides. 

3.  By  the  action  of  acids  or  alkalies  at  the  boiling  heat  on  the  aromatic 
nitrils  (cyanides  of  phenyl  and  its  homologaes,  p.  828)  : 

C.HjCN    +    2H,0    =    NH,    +     C,H..CO,H 
Phenyl  cyanide.  Benzoic  acid. 

Benzoic  acid  and  its  liomologues  are  likewise  obtained  by  the  following 
processes  : 

4.  By  the  action  of  sodium  and  carbon  dioxide  on  the  monobrominated 
derivatives  of  benzene  and  its  homologues  ;  e.  ^., 

CellgBr    +    Na^    +     CO,    =    NaBr    +     C.Hj.CO.Na 
Bromobenzene.  Sodium  benzoate. 

CeTI.Br.CHa     +     Na,     +     CO,    =    NaBr    +     CJIXCH3).C02Na 
Bromo  toluene.  Sodium  toluatc. 


5.  By  oxidation  of  the  hydrocarbons  homologons  with  benzene  by  means 
of  chromic  acid  mixture  or  dilute  nitric  acid.  By  chromic  j^cid  the  lateral 
chains,  CHj,  CHj.CH,,  etc.,  are  at  once  oxidized  to  CO^H  ;  and  the  hydro- 
carbons which  contain  only  one  lateral  chain,  C5H5.CH3,  C^H^.C^Hg,  etc., 
are  all  oxidized  to  benzoic  acid,  while  those  which  contain  two  lateral 
chains  are  converted  into  acids  containing  two  car  boxy  l-groups  (di-carbon 
acids),  the  xylenes,  CgH^CCHg),,  for  example,  into  phthalic  acids, 
C8H^(C0jH)j.  With  dilute  nitric  acid,  on  the  other  hand,  monocarlx)n 
a<ads  are  produced,  at  least  in  the  first  instance,  the  xylenes,  for  exam- 
ple, yielding  toluic  acids,  CgH^(CH3).C02H. 

For  oxidation  with  chromic  acid,  40  grams  of  potassium  dichromate  are 
mixed  with  37  grams  of  strong  sulphuric  acid  diluted  with  2  to  3  vol. 
water ;  to  this  mixture  10-20  parts  of  the  hydrocarbon  are  added,  and 
the  whole  is  boiled  for  some  time  in  a  flask  provided  with  a  long  upright 
condensing  tube,  till  all  the  chromic  acid  is  reduced  and  the  solution  has 
acquired  a  pure  green  color.  The  product  is  then  diluted  with  water, 
boiled  with  solution  of  sodium  carbonate,  and  the  organic  acid  is  preci- 
pitated from  the  filtrate  by  hydrochloric  acid. 

With  the  propoytions  above  mentioned  the  reaction  takes  place  accord- 
ing to  the  equation  : 

CrjO^Kj  +  4S0JTa  =  (SO,),Gr,  +  SO.K,  +  4H,0  -f  0. , 

75* 
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tho  tlireo  atoms  of  oxygen  tbtu  liberated  serving  for  tbe  oxidation  of  the 
liydrocarbou. 

For  oitidation  with  nitric  acid,  the  hydrocarbon  is  boiled  for  two  or 
three  days  with  ordinary  nitric  add  diluted  with  3  parts  of  water  in  a 
flask  with  a  vertical  ooudensing  tube.  To  remove  (he  nitro-ocids  formed 
at  the  same  time,  the  crude  product  is  heated  with  tin  and  strong  hydro- 
chloric acid,  whereby  the  nitro-acids  are  couTurled  into  aiaido-atida,  which 
dissolve  in  the  hydrochloric  acid. 

ti.  By  fusing  tlie  sulplio-acids  of  the  aromatic  hydrocarbons,  or  the 
sulpho-aromatio  acids,  with  potassium  formate: 

C.«.<g,'5i    +    HCO,H    -     SO.H,    +    C.H.<S§H. 

TolDCDP-aulphonia  Toluic  aeld. 

add. 

'^■".<SS;S    +     "CO,H    _     80.H,    +     C.H.<J°.a. 

SulpliDbcDZDlo  add.  Phthnllc  acid. 

1  many  reaius  and 

Beniolo  Acid,  C,II(0,  =  C,Hi.CO,H.— This  aHd,  the  annlogne  of 
benzyl  alcohol,  is  produced  by  the  flrst  four  of  the  general  mothods  aliovo 
mentioned,  and  by  boiling  hippuric  acid  (benzoyl-glycocine)  or  tho  nrine 
of  Dows or  iiorses,  which  contains  that  acid,  with  strong  hydrochloric  aiid  : 

.  n,o  =  cn,(Kii,).co,H  +  c,H,o.nH. 

OljCOCiDB,  BBQloLCMld. 

ThiaprocirBs  ia  applied  to  the  preparation  of  benzoic  acid  on  the  lar^e 

scale.     Benzoic  acid  is  also  produced  by  the  oxidation  of  a  great  variety 

of  organic  lx>dica,  as  toluene,  cumene,  cilinamic 

Fig.  lit.  aldehyde,  cinuamic  acid,  ciiinamene,  casein,  gi'la- 

Benzoio  acid  exists  ready-formed  in  several  l>al- 
sams  and  gum-resiua,  especially  in  gum-benzoin, 
which  exudes  from  thu  bark  of  Styrai  Beazoin.  a 
trpH  growing  in  Sumatra,  Java,  Borneo,  and  Siam. 
From  this  substance  the  benzoic  acid  may  be  ex- 
tracted by  EublimatioQ  in  an  iron  pan  (flg.  ITti), 
having  a  sheet  of  bibulooa  paper  pierced  wifh  pin- 
holes stretclied  over  its  mouth,  and  covered  with  a 
cap  of  stout  paper.     A  more  productive  method  is 
to  boil  the  powdered  Irenzoin  with  alalied  lime  and 
water,  and  decompose  the  flltcriid  and  concentrated  solution  of  calcium 
benioate  with  hydrochloric  acid.     The  benioic  acid  thus  precipitated  may 
be  puriflod  by  sublimation. 

Benzoic  aeid  is  inodorous  when  cold,  bnt  acquires  a  faint  smell  when 
gently  warmed  ;  it  melts  at  120OC.  {2480  F.),  and  sublimes  at  a  tempera- 
ture a  little  above :  boils  at  250O  C.  (4S20  P.).  It  dissolves  In  about  200 
parts  of  cold  and  M  parts  of  boiling  water,  and  with  great  facility  in  al- 
cohol. Benzoic  aeid  ia  not  affeclsd  by  ordinary  nitric  acid,  even  at  IjoiliDg 
heat ;  bot  with/uminj  mliir.  arid  it  forms  a  aubstitution-product. — Chlorine 
also  acts  on  benzoic  acid,  forming  subatitu lion-products. — Phosphomt  pen- 
Inrhlaride  converts  It  into  benzoyl  chloride,  CjHsOCl. — Benzoic  add  dis- 
solves in  ordinary  strong  sulpharic  acid,  but  is  precipitated  unaltfn^d  on 
addition  of  water.  By  fuming  sulphuric  acid,  however,  and  sttll  more 
readily   by   sulphuric  oxido,   it  ia   convurt<4    into  sulphobenzoic   acid. 
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C^HgSOj  (p.  903).  By  nascent  hydrogen  (evolved  by  sodium  amalgam) 
it  is  partly  reduced  to  benzoic  aldehyde  and  benzyl io  alcohol,  and  is  partly 
converted,  by  addition  of  hydrogen,  into  hydrobenzoic  acid,  C^H  iqOj, 
a  crystalline  acid  which  forms  a  crystalline  calcium  salt,  CaCC^H^Oj),,,  and, 
when  recrystallized  either  in  the  free  state  or  in  the  form  of  calcium  salt, 
is  ultimately  converted  by  oxidation  into  benzoic  acid  ;  its  ethylic  ether, 
CjHj.C^H^Oj,  has  the  odor  of  ethyl  valerate. 

All  the  benzoates  are  more  or  less  soluble:  they  are  easily  formed, 
either  directly  or  by  double  decomposition.  The  benzoates  of  th^alkulies 
and  of  ammonia  are  very  soluble,  and  somewhat  difficult  to  crystallize. — 
Calcium  henzoate  forms  groups  of  small  colorless  needles,  which  require  20 
parts  of  cold  water  for  solution  ;  the  barium  salt  dissolves  with  difficulty  in 
the  cold.  "^^uiTdA  ferric  benzoate  is  a  soluble  compound  ;  but  the  basic  salt 
obtained  by  neutralizing  as  nearly  as  possible  with  ammonia  a  solution  of 
ferric  oxide,  and  then  adding  ammonium  benzoate,  is  quite  insoluble.  Iron 
is  sometimes  thus  separated  from  other  metals  in  quantitative  analysis. 
Neutral  and  basic  lead  benzoate  are  freely  soluble  in  the  cold.  Silver  ben- 
zoate crystallizes  in  thin  transparent  plates,  which  blacken  on  exposure  to 
light.    . 

Calcium  benzoate  is  resolved  by  dry  distillation  into  calcium  carbonate 
and  benzone,  or  benzophenone,  C^sHjoO,  the  ketone  of  benzoic  acid 
iC^U fi^)fi&  =  COjCa  -f-  COCCeHg)^.  On  the  other  hand,  benzoic  acid,  dis- 
tilled with  excess  of  lime,  is  resolved  into  carbon  dioxide  and  benzene : 
C,H,Oa  =  CO,  +  CeH.. 

Benzoic  Chloride,  or  Benzoyl  Chloride,  C^HgOCI,  is  prepared  by 
the  action  of  phosphorus  pentachloride  on  benzoic  acid.  It  is  a  colorless 
liquid  of  disagreeable  pungent  odor  ;  sp.  gr.  1.106  ;  boiling  point,  1990  C. 
(390.2^  F.).  The  vapor  is  inflammable,  and  burns  with  a  greenish  llame. 
Benzoyl  chloride  is  decomposed,  slowly  by  cold  and  quickly  by  boiling 
water,  into  benzoic  and  hydrochloric  acids ;  with  an  alkaline  hydroxide, 
a  benzoate  and  chloride  of  the  alkali-metal  are  produced. 

Benzoyl  cyanide^  C^Hj.CO.CN,  obtained  by  distilling  the  chloride  with 
potassium  cyanide,  crystallizes  in  large  plates,  melts  at  31o  C.  (87. 80  F.), 
and  boils  at  206Q-208O  C.  (402.8O-406.4O  F.).  By  boiling  with  alkalies, 
it  is  resolved  into  benzoic  and  hydrocyanic  acids. 

Benzoic  Ozide,  or  Anhydride,  Ci^HiqOj  or  (C^HjO)^©,  is  obtained  by 
the  action  of  benzoyl  chloride  on  potassium  benzoate : 

C,H50(0K)    +     C^HjOCI    =    Ka    +     (C^Tifi)^ . 

Benzoyl  chloride  acts  in  like  manner  on  acetate  or  valerate  of  sodium, 
forming  ac<?to-benzoio  or  valero-benzoic  oxide,  either  of  which  splits  up  on 
distillation  into  acetic  or  valeric  oxide  and  benzoic  oxide  ;  e.  ^., 

C^HjOCl    +     C5H«0(0Na)     =    NaCl     +     (C,H50)(C5H,0)0, 
and 

2(C,H,0)(C5Hg0)0    =    (C,n,0),0  +    (C5H,0),0. 

Benzo-cenanthylio,  benzostearic,  bt^nzo-angelic,  benzo-cuminic  oxide,  and 
several  others,  have  been  obtained  by  similar  processes. 

Benzoic  oxide  crystallizes  in  oblique  rhombic  prisms,  melting  at  420  C. 
(107.60  F.),  and  distilling  undooomposed  at  310O  C.  (590©  F.).  It  melfs 
in  boiling  water,  remaining  fluid  for  a  long  time,  but  is  ultimately  con- 
verted into  benzoic  acid,  and  dissolves  :  caustic  alkalies  effect  the  conver- 
sion much  more  rapidly.  With  ammonia  it  forms  ammonium  benzoate  and 
benzamide : 

(C^HjO),©    +     2NH8    =    C7H50(NH,)0    +     C^H^O.Nn, . 
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Benzoyl  Dioxide,  or  Peroxide,  C,4H,oO,  or  (C^Ufl)fij. — ^Brodie  obtained 
this  compound  by  bringing  benzoyl  chloride  in  contact  with  barium  di- 
oxide under  water ;  the  product,  when  recrystallized  from  ether,  yields 
large  shining  crystals  of  benzoyl  dioxide,  which  explode  when  heatetl. 
Boiled  with  potash-solution,  it  gives  off  oxygen,  and  forma  potassium  ben- 
zoate. 

Thiobenzoic  Add,  CfHg.CO.SH,  formed  by  the  action  of  benzoyl  chlo- 
ride oiualcoholic  potassium  sulphide,  is  crystalline,  melts  at  24P  C.  (72.5^ 
F.)}  And  distils  with  aqueous  vapor.  Its  ethylic  ether  boils  at  ^3^  C 
(469.40  F.). 

Benzoyl  monosulphide,  (C,H50),S,  formed  by  the  action  of  ben- 
zoyl chloride  on  thiobenzoic  acid,  crystallizes  from  ether  in  large  prisms, 
melting  at  480  C.  (118.40  F.),  and  distilling  without  decomposition.  The 
disulphide,  (CyH50),S2,  produced  by  oxidation  of  thiobenzoic  acid 
when  its  ethereal  solution  is  exposed  to  the  air,  forms  shining  crystals 
melting  at  1280  C.  (262.40  F.). 

Dithiobenzoic  acid^  CgHj.CS.SH,  is  formed  by  boiling  the  compound  Cjllj. 
CCI3  with  an  alcoholic  solution  of  potassium  sulphide : 

CeHj.CCl,    +    2K,S    =    3Ka    +    CeHfl.CS.SK. 

The  free  acid  is  very  unstable :  its  lead  salt  crystallizes  from  carbon  sul- 
phide in  red  needles. 

Benzamide,  C^H^NOsCeHg.CO.NH,,  is  formed  (similarly  to  acetamide, 
p.  776)  by  the  action  of  aqueous  ammonia  on  benzoyl  chloride  or  ethyl 
benzoate ;  also  by  oxidizing  hippurio  acid  with  lead  oxide  : 

CjHjNOj    +     O,    =    C^H^NO    +    2C0,    +     H,0. 

Benzamide  crystallizes  in  nacreous  laminsB,  nearly  insoluble  in  cold 
water,  easily  soluble  in  boiling  wter,  also  in  alcohol  and  ether ;  it  melts  at 
1250  C.  (2570  F.),  and  volatilizes  undecomposed  between  2800  and  290O 
C.  (546. 80  and  554P  F.).  Its  reactions  are,  for  the  most  part,  similar  to 
those  of  acetamide.  Heated  with  benzoic  oxide  or  chloride,  it  yields  ben- 
zonitril  and  benzoic  acid  : 

Benzamide.  Benzoic  oxide.  Benzonitril.         Benzoic  aoid. 

C7H,N0    +    CtHjOCI    =     C.H5N    +    C^HgOj    -h     HCl  . 
Benzamide.  Benzoio  Benzonitril.       Benzoic 

chloride.  acid. 

Heated  with  fuming  hydrochloric  acid,  it  forms  hydrochloride  of  benza- 
mide, C7H7NO.HCI,  which  separates  on  cooling  in  long  aggregated  prisms. 
Its  aqueous  solution  dissolves  mercuric  oxide,  forming  benzomercur- 
amide,  CjH5.CO.NHg.  By  distillation  with  PCI5  or  P^,  it  is  converted 
into  benzonitril. 

Plienyl-henzamiih^  C5H5.C0.Nn(CgH5),  is  formed  by  the  action  of  aniline 
on  benzyl  chloride. 


BITBSTITrTKD   BENZOIC   ACTDfl. 


The  action  of  chlorine  and  bromine  on  benzoic  acid  gives  rise,  for  the 
moat  part,  only  to  mono-substituted  derivatives,  C,H^X.CO,H,  belonging: 
to  thn  meta-serios  (CI  or  Br  and  CO,H,  in  the  relative  positions  1,  .S); 
with  nitric  acid  (diluted  with  3  parts  of  water)  meta-derivatives  are  also 
produced,  together  with   small   quantities  of  the  ortho-  and   para-com- 
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pounds.  These  and  all  the  other  mono-halogen-  and  mono-nitro-deriva- 
tives  of  benzoic  acid  may  also  be  formed  by  oxidation  of  the  corresponding 
derivatives  of  toluene  ;  e,  g,^ 

CgH^Br.CHj    -f     O3     =     CttH^Br.COaH    +     Bfi  ; 

the  meta-  and  para-compounds  by  chromic  acid,  the  ortho-compounds  by 
dilute  nitric  acid  ;  these  last  compounds  are  attacked  with  difficulty  by 
chromic  acid,  and  then  completely  broken  up. 

The  halogen-derivatives  of  benzoic  acid  may  also  be  formed  from  the 
corresx>oDding  amidobenzoic  acids,  by  substitution  of  CI,  etc.,  for  NH,? 
through  the  medium  of  the  diazo-oompounds  ;  and  the  monochlorine-  and 
monobromine-derivatives  by  treating  the  corresponding  oxy-acids,  C^H^ 
(0H).C02H  with  PCI5  or  PBrj,  and  decomposing  the  resulting  chloride  or 
bromide  with  water ;  «.  ^., 

CeH^(OH).CO.OH    -f     PCI5      =      CeH^Cl.CO.Cl    -f     PCI3O    +     H^O  , 

and  CeH^Cl.CO.Cl    +     HOH    =     CgH^Cl.CO.OH    +     HCl  . 

The  ortho-derivatives  of  benzoic  acid  fuse  at  lower  temperatures  than 
the  corresponding  meta-  and  para-derivatives.  They  are  moderately 
soluble  in  water,  and  form  easily  soluble  barium  salts,  by  means  of  which 
they  may  be  separated  from  the  meta-  and  para-derivatives. 

Monochloro benzoic  Acids, C.HjClO,. — ^The  or/Ao-compound,Cf  .CO^H. 
Cl.H^  {Chlorosalicylic acid) J  prepared  by  treating  salicylic  acid  (o-oxy benzoic 
acid)  with  PCI5,  and  decomposing  the  resulting  chloride  with  boiling 
water,  crystallizes  in  colorless  needh^,  melts  at  1370  C.  (278.t)0  F.),  also 
under  boiling  water,  and  is  more  soluble  in  water  than  the  meta-  and 
para-compounds. 

The  7««^a-compound,  Cj.CO^H.II.Cl.H,,  is  formed  by  oxidation  of  meta- 
chlorotoluene  ;  by  heating  benzoic  acid  with  hydrochloric  acid  and  man- 
ganese dioxide  or  potassium  chlorate,  or  with  solution  of  bleaching  powder 
or  with  antimonic  chloride  ;  also  by  decomposition  of  chlorohippuric  acid ; 
and  from  (1  :  4)  chloronitrobenzene  by  means  of  potassium  cyanide.  It 
crystallizes  in  colorless  needles,  melting  without  decomposition  at  1520 
C.  (305.60  P.),  very  slightly  soluble  in  boiling  water. 

The  para-compound,  Cg.COjH.H.H.Cl.Hj  {ChloTodracylicctcid),  formed  by 
oxidation  of  (1  :  4)  chlorotolnene,  sublimes  in  colorless  scales,  which  melt 
at  2360-2370  C.  (456.8O-458.60  P.). 

DichlOTobenzoic  Acids,  CgHjjClj.COjH.— Two  modifications  (out  of 
six)  are  known,  viz.  («)  1:3:4  (COjH  in  1),  formed  from  benzoic  acid, 
and  from  (1  :  3)  or  (1  :  4)  chlorobenzoio  acid  by  boiling  with  solution  of 
bleaching  powder,  or  by  heating  with  antimonic  chloride :  also  by  oxida- 
tion of  (1  :  3  :  4)  dichlorotoluene  with  chromic  acid.  Colorless  needles, 
melting  at  202O  C.  (395. 60  P.),  slightly  soluble  in  water.  (iS)  (1  :  2  :  3), 
produced,  like  the  «-acid,  from  (1  :  2)  chlorobenzoio  acid,  and  together 
with  the  «-acid,  by  treating  benzoic  acid  with  HCl  a"tad  CIO5K,  or  with 
solution  of  bleaching  powder.  The  two  acids  may  be  separated  by  means 
of  their  barium  salts,  the  ^salt  being  the  more  soluble  of  the  two.  The 
/8-acid  forms  slender,  shining  needles,  melts  at  150O  C.  (302©  P.),  boils  at 
3010  C.  (573.80  P.),  dissolves  in  about  1200  parts  of  water  at  lio  C. 
(51.80  p.),  more  easily  in  boiling  water. 

Tricfdorobmzoic  acid,  CeH^Cla.CO^H,  formed  by  oxidation  of  trichloro- 
toluene,  crystallizes  in  small  needles  melting  at  163©  C.  (325.40  P.), 
nearly  insoluble  in  cold  water.     An   isomeric  acid,  formed  by  heating 
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dinitro-paramidobenzoic  acid  with  faming  hydrochloric  acid,  melts  at  203O 
C.  (397.40  F.)i  and  sublimes  without  decomposition. 

Monobromo benzoic  Aoid,  CgH^Br.COgH  (1:2),  from  ortho-bromo- 
toluene  with  nitric  acid,  or  from  6-amidobenzoio  acid  by  heating  the  diazo- 
perbromide  with  HBr,  sublimes  in  needles,  and  melts  at  147^—148^  C. 
(296.60-298.49  F.).  Its  barium-salt  is  very  soluble  in  water.  (1  :  3), 
or  ordinary  bromobenzoic  acid,  from  metabromotoluene,  and  by  heating 
benzoic  acid  with  bromine  and  water  to  12(P-130O  C.  (248Q-2660  p.),  sub- 
limes in  needles,  and  melts  at  1550C.  (3110F.).  (1  :  4)  from  parabromo- 
toluene,  is  nearly  insoluble  in  water,  crystallizes  in  needles,  and  melts  at 
2510  C.  (483.80  p.). 

Di- ,  tri-,  and  penta-bromobenzoio  acids  are  formed  by  heating  benzoic 
acid  with  bromine  to  200O  C.  (3920  p.)  and  above.  C^H^Br^O^,  (1:3:  4), 
forms  small  needles  melting  at  229O-230O  C.  (444.20-4460  P.).  C^H^BraO, 
and  CTHBrgO,  melt  between  234P  and  2350  C.  (453.20-4550  p.). 

Mono-lodobenzoio  Aoids,  C^H^LCO^H,  are  obtained  by  oxidation  of 
iodotoluenes  with  nitric  acid,  or  from  the  corresponding  amidobenzoic  ari  Js 
by  decomposing  the  diazo- compounds  with  hydriodic  acid  : 

(1  :  2)  form  needles,  melting  at  1570  C.  (314.60  P.)  ;  converUHl  by 
fusion  with  potash  into  salicylic  acid. 

(1  :  3)  sublimes  in  needles,  melting  at  1870  C.  (368.GO  p.) ;  converted 
by  fusion  with  potash  into  oxy benzoic  acid. 

(1  :  4)  sublimes  in  scales,  melts  at  about  2670  G.  (512.60  P.),  converted 
by  fusion  with  potash  into  para-oxybenzoic  acid. 

Fluobenzoic  acid,  CgIl4p.C02H,  produced  by  treating  diazo-amidobenzoic 
acid  with  hydrofluoric  acid,  crystallizes  in  rhombic  prisms  melting  at  1820 
C.  (359.GO  P.). 

Mononitrobenzolc  Acids,  CgH4(N0,).C0^[I. — ^When  benzoic  acid  is 
treated  with  fuming  nitric  acid,  or  better,  with  a  mixture  of  nitre  (2 
parts)  and  strong  sulphuric  acid  (3  parts)  to  1  part  of  benzoic  acid,  the 
chief  product  obtained  is  metanitrobenzoic  acid,  the  ortho-compound  being 
formed  in  smaller,  and  the  para-  in  very  small  quantity — ^the  mass  being 
warmed  till  it  melts,  and  the  liquid  mass  poured  off  from  the  solid  potas- 
sium sulphate.  The  three  nitro-acids  are  separated  by  the  different  solu- 
bilities of  their  barium-salts — ^that  of  the  ortho-acid  being  very  soluble, 
that  "of  the  meta-acid  rather  sparingly,  and  that  of  the  para-acid  very 
slightly  soluble.  Cinnamic  acid  yields  by  nitration  two  nitro-acids, 
C9H7(NOj)02,  ortho-  and  para,  from  which  the  corresponding  nitrobenzoio 
acids  may  be  obtained  by  oxidation.  Hippuric  acid  yields  by  nitration  a 
nitro-hippurio  acid,  convertible  into  metanitrobenzoic  acid. 

(1  :  2)  Nitrobenzoic  aoid  crystallizes  in  needles  or  prisms,  soluble  in  1G4 
parts  of  water  at  16.50  C.  (61. 70  P.),  melting  at  1450  C.  (2930  p.).  (1  : 
3)  Nitrobenzoic  acid  crystallizes  in  needles  or  laminae,  dissolves  in  425 
parts  of  water  at  16. 50  C.  (61. 70  P.),  sublimes  in  white  needles,  melts  at 
1420  c.  (287.60  p.).  (1  :  4)  Nitrobenzoic  acid,  formed  also  by  oxidation 
of  paranitrotolnene,  crystallizes  in  yellowish  laminaB,  very  slightly  solu- 
ble in  water,  melting  at  240O  C.  (4640  P.). 

DinitTObenzoio  Acids,  CcH3(NO,)2.COyH. — Orthonitrobenzoic  acid, 
treated  with  a  mixture  of  nitric  and  sulphuric  acids,  yields  three  dinitrcv- 
benzoic  acids  (a,  ^,  and  y),  easily  separated  by  the  unequal  solnbility  of 
their  barium-salts — ^that  of  a  being  very  slightly  soluble  in  cold  wator, 
that  of  Q  moderately,  and  that  of  y  very  easily  soluble.     The  ^acid  is  also 
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produced  by  oxidation  of  (1  :  2  :  4)  dinitrotoluene  (melting  point  70.50 
C,  158.90  F.)  with  chromic  acid.  A  fourth  acid,  >,  is  obtained  by  the 
action  of  nitric  and  sulphuric  acid  on  meta-nitrobenzoio  acid.^-a  (1:2: 
5).*  Colorless  prisms,  melting  at  177^  C.  (350.6*0  F.),  moderately  solu- 
ble in  hot,  sparingly  in  cold  water.  S.  (1:2:4)  Long  rhombic  plates 
or  prisms  melting  at  179°  C.  (354.20  F.).  y.  (1:2:6)  Slender,  white 
felted  needles,  melting  at  202O  C.  (395.GO  F.),  resolved  at  a  higher  tem- 
perature into  (1:3)  dinitrobenzene  and  CO,.  ^.  (1:3:5)  Crystallizes 
from  water  in  large  square  plates  ;  from  alcohol  in  prisms. 

By  reduction  with  tin  and  HCl,  the  a-  and  ^-compounds  yield  the  corre- 
sponding diamidobenzoic  acids,  whereas  B  and  y  yield  no  diamido-acids, 
but  (1:3)  diamidobenzene  and  CO,. 

NUro^loro-  and  Nitro-hromobemoic  ctcids  are  obtained  by  nitration  of 
chloro-  and  bromo-benzoic  acids.  (1  :  3)  bromobenzoic  acid  yields  two 
nitrometabromobenzoio  acids, — one  melting  at  2480  C.  (478.40  F.),  the 
other  at  1410  C.  (286.80  F.).  In  both  of  them  the  NO,-group  is  in  the 
ortho-position  (2  or  6)  with  respect  to  the  00,11,  and  both  yield  by  reduc- 
tion (1:2)  amidobenzoio  acid. 

Amldobenzoio  Aolds,  C0H4(NH2).CO,H.— The  three  modifications 
are  formed  by  reduction  of  the  three  nitrobenzoic  acids,  best  by  gentle 
heating  with  tin  and  hydrochloric  acid.  At  the  end  of  the  reaction  the 
product  is  diluted  with  water,  precipitated  with  excess  of  sodium  carbon- 
ate, and  the  concentrated  filtrate  is  acidulated  with  acetic  acid.  The 
ortho-compound  is  also  produced  by  boiling  indigo  (1  part)  for  several 
days  with  soda-lye  of  specific  gravity  1.38  (10  i)art8),  gradually  adding 
pulverized  manganese  dioxide,  and  renewing  the  water  as  it  evaporates, 
till  the  color  of  the  mass  has  become  light  yellow.  The  product  is  then 
dissolved  in  water,  the  solution  is  neutralized  with  sulphuric  acid,  filtered, 
and  evaporated  to  dryness ;  the  residue  is  exhausted  with  alcohol ;  and 
the  salt  which  remains  after  evaporation  of  the  alcohol  is  dissolved  in  hot 
water  and  decomposed  with  acetic  acid. 

The  three  amidobenzoic  acids  react  like  glyoocine  (amidacetic  acid), 
and  yield  well-characterized  salts,  both  with  metallic  oxides  and  with 
acids.  When  heated  above  their  melting  points  they  are  resolved  into 
aniline  and  carbon  dioxide. 

Ortho-  {Anthranilic  acid), — ^Thin  colorless  prisms  or  laminae,  sparingly 
soluble  in  cold  water,  easily  in  hot  water  and  in  alcohol ;  melts  at  144©  C. 
(291.20  F.).  Meta-.  Small  colorless  needles,  united  in  nodular  groups; 
easily  soluble  in  hot,  sparingly  in  cold  water,  melts  at  173O-1740  C. 
(343.4P-345.20  F.).  Para-  {amidodracylic  acid).  Long  slender  shining 
needles,  easily  soluble  in  water,  melting  at  1860-1870  C.  (366.80-368.60 
F.). 

Nitro-amldobenzoic    acids,    C5H3(NO,)<]^Q»g  . 

1.  Nitro-orthamidobenzoic  acid  is  known  in  two  modifications,  viz. : 

Cg.CO,H.NH,.H.H.NO,.H  Ca.CO,H.NH,.H.H.H.NO, 

at.  (1:2:6)  /3.  (1 :2  :  6) 

which  are  produced  from  the  corresponding  nitrosalicylic  acids  by  heating 
their  diethylic  ethers  with  alcoholic  ammonia,  and  decomposing  the  re- 
sulting nitramidobenzamides,  CflH5(NOy)(NH2).CO.NH„  with  boiling  ba- 
ryta-water. Both  acids  crystallize  in  long  needles,  the  a-acid  melting  at 
270O  C.  (5180  F.),  the  fl-acid  at  205O  C.  (401O  F.). 

»  COsH  in  1. 
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2.  Nitro-metamidahenzoic  add  is  known  in  three  modificationSi  Tiz. : — 

12ft  184 

Ce.CO,H.NO,.H.H.NH,.H  Ce.G0,H.H.NH,.NO,.H, 

«  & 

12         8 

Ce.CO,H.NOj.NH,.H, 

y 

They  are  ohtained  bj  boiling  the  three  dinitro-uramidobenzoic  acids  (p. 
902)  with  water.  Ail  tliree  crystallize  in  yellow  needles  ;  a  and  A  spar- 
ingly soluble  in  hot  water,  y  easily  soluble. 

3.  Nitro-paramidobenzoic  acid  (1:3:4),  obtained  in  like  manner  from 
dinitro-para-uramidobenzoic  acid,  or  by  heating  nitranisic  acid  with  aque- 
ous ammonia  to  140Q-170O  C.(2840-3380  F.)  for  three  or  four  hours,  forms 
small  deop-yoUow  needles,  slightly  soluble  in  boiling  water,  melting  at 
2840  C.  (543.20  F.). 

Dinitro-paramidobemoic  acid,  C,Hj(N0j)2<^pQ  \t  ,  or  Chrysanisic  add,  is 

produced  by  heating  dinitro-anisic  or  dinitro-ethylparaoxybenzoic  acid 
with  aqueous  ammonia,  the  group  OCU3  or  OC^H^  being  thus  replaced  by 
NH,  :— 

C,H,(NO,),<g^^^»    +     NH       ==     CH,.OH     +     C.H,(NO,),<^«j  . 

It  crystallizes  in  shining  golden-yellow  needles,  melts  at  259^  C.  (498.2^ 
F.)  and  sublimes  ;  is  nearly  insoluble  in  cold  water,  moderately  soluble 
in  boiling  water  and  in  alcohol.     It  is  a  strong  monobasio  acid. 

Ditutro-orihoamidobenzoic  add,  obtained  in  like  manner  from  dinitro-ethyl- 
salicylic  acid,  crystallizes  from  alcohol,  in  which  it  is  slightly  soluble,  in 
golden-yellow  scales,  melting  at  2560  C.  (492.80  F.). 

Acetyl-metamidobenzoic    acid,   C^^O^  =:  Cfi^<^^'^^'^ ^ 

is  formed  by  digesting  (1  :  3)  amidobenzoic  acid  with  glacial  acetic  add  at 
1G(P  C.  (320O  F.),  or  zinc  metamidobenzoate  with  acetyl  chloride  at  10(P. 

(CeH,.Nnj.CO^jZn  +  2CjH30Cl  =  ZnCl,  -|-  ^Cffl^C^R.C^nfi^CO^B. 

It  forms  white  microscopic  crystals,  insoluble  in  cold  water  and  in  ether, 
slightly  soluble  in  boiling  water,  easily  in  boiling  alcohol,  melts  at  226Q- 
230O  C.  (438.8Q-44GO  F.),  sublimes  at  200O  C.  (3920  F.).  It  is  a  mono- 
basic acid,  forming  easily  soluble  salts  with  the  metals  of  the  alkalies 
and  alkaline  earths  ;  sparingly  soluble  salts  with  lead,  silver,  and  zinc. 
By  boiling  with  dilute  sulphuric  acid,  it  is  resolved  into  acetic  and  amido- 
benzoic acids : 

Acetyl-paramidobenzoio  acid,  isomeric  with  the  last,  is  easily 
obtained  by  oxidizing  acetoparatoluide,  CeH4(NH.C,H50).CHj,  with  potas- 
sium permanganate.  It  crystallizes  in  needles,  sparingly  soluble  in 
water,  more  readily  in  alcohol,  and  melting  with  decomposition  at  about 
250OC.  (4820F.). 

Hippurio    or    Benzamidacctio    acid,    CpHgNOj  =» 

^^i<Cr^'Q^^^  (Benzoyl  (//yconVie).— This  acid,  metameric  with  the  two 

juat  described,  is  formed  by  the  action  of  benzoyl  chloride  on  the  zinc-salt 
of  amidacotio  acid  (glycocinc): 

(CH,.NH,.CO,),Zn  +  2C7H5OCI  =  ZnCl,  +  2CH2(NH.C,HjO)CO,H  , 
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the  reaction  being  analogous  to  the  second  of  those  above  given  for  the 
formation  of  ace tamido benzoic  acid. 

Hipparic  acid  occurs,  often  in  large  quantities,  in  the  urine  of  horses, 
cows,  and  other  herbivorous  animals  ;  in  smaller  quantity  also  in  human 
urine.  It  may  be  prepared  by  boiling  fresh  cows'  or  horses'  urine  with 
milk  of  lime,  and  precipitating  the  concentrated  filtrate  with  hydrochloric 
acid.  For  purification  the  crude  acid  is  washed  with  chlorine-water  ;  or 
its  solution  in  dilute  soda-lye  is  boiled  with  sodium  hypochlorite  till  it 
becomes  colorless,  and  the  solution,  after  cooling,  is  precipitated  with 
hydrochloric  acid. 

Hippurio  acid  crystallizes  in  rhombic  prisms,  which  have  a  slightly 
bitter  taste  and  acid  reaction,  melt  on  the  application  of  heat,  and  require 
for  solution  about  600  parts  of  cold  water  ;  it  also  dissolves  in  hot  alcohol. 
At  a  high  temperature  it  decomposes,  yielding  benzoic  acid,  ammonium 
benzoate,  and  benzonitril,  with  a  coaly  residue.  Boiling  hydrochloric 
acid  cofi verts  it  into  benzoic  acid  and  glyoociue  (amidacetic  acid): 

CH,(NH.C,H40).C0,H  +  HOH  =  C^Efi.OU  +  CHg(NH,).COgH  ; 

just  as  acetamidobenzoic  acid  is  resolved  into  acetic  and  amidobenzoic 
acids. 

Hippurio  acid  is  monobasic,  the  formula  of  the  hippurates  of  monatomic 
metals  being  CgH^MNOs.  Most  metallic  oxides  dissolve  readily  in  hippuric 
acid.  The  hippurates  of  potassium,  sodium,  and  ammonium  are  very 
soluble,  and  difficult  to  crystallize  ;  their  solutions  form  a  cream-colored 
precipitate  with  ferric  salts,  and  white  curdy  precipitates  with  silver 
nitrate  and  mercurous  nitrate.  A  characteristic  reaction  of  the  hippu- 
rates is,  that  they  give  off  ammonia  when  fused  with  excess  of  potash  or 
lime,  and  yield  benzene  by  distillation.  Mineral  acids  decompose  them, 
separating  the  hippurio  acid. 

Hippuric  acid,  treated  with  nitrous  acid,  gives  off  nitrogen,  and  is  con- 
verted into  benzoglycoUic  acid,  CjHgO^,  an  acid  containing  the 
elements  of  benzoic  and  glycoUic  (oxyacetic)  acids,  minus  one  molecule 
of  water  : — 

C^H^NOj      +      HNO,      =      C^HgO^      +      H,0      +      N, ; 

and  benzoglycoUic   acid,  when  boiled  with  water,  splits  up  into  benzoic 
and  glycollic  acids  : 

CjHgO,      +      H,0      =      C,HeO,      +      C,H,0, . 

If,  in  the  preparation  of  hippurio  acid,  the  urine  be  in  the  slightest  de- 
gree putrid,  the  hippurio  acid  is  all  destroyed  during  the  evaporation, 
ammonia  is  disengaged  in  large  quantity,  and  the  liquid  is  then  found  to 
yield  nothing  but  benzoic  acid,  not  a  trace  of  which  can  be  discovered  in 
the  unaltered  secretion.  When  benzoic  acid  is  taken  internally,  it  is  re- 
jected from  the  system  in  the  state  of  hippuric  acid,  which  is  then  found 
in  the  urine. 

Hippuric  acid  dissolves  so  abundantly  in  an  aqueous  solution  of  sodinm 
phosphate,  that  this  solution  loses  its  alkaline  reaction  and  becomes  acid. 
This  reaction  may  explain  the  acid  character  of  the  recent  urine  of  man 
and  herbivorous  animals. 

Uramidobenzoio  acid,  C8H8N,05  =  CO<^^'^«^**^^*^^»^»^<>^™®^ 
by  mixing  the  cold  solutions  of  equivalent  quantities  of  hydrochloride  of 
metamidobenzoic  acid  and  {lotassium  cyanate  : 

C,HtN0,.HC1    +     CNOK    =    KCl    +     CgH^NjO,; 
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alBobj  fusing  area  with  metamidobenzoic  acid :  C^H^NO,  -{-  CH^N^O  ^NH|-^ 
CgllgN^^g.  It  crystallizes  in  small  needles,  containing  1  molecule  of  water, 
soluble  in  hot  water  and  in  alcohol.  When  heated  to  200O  C.  (392^  F.) 
it    is    resolved    into    H,0     and    oxybenxoyl-urea,     CaU^*,OsS 

NH.CeH^.CO 
C0<^  I    .    By  boiling  with  caustic  potash,  it  is  resolved  into 

NH ^ 

amidobenzoic  acid,  carbon  dioxide,  and  ammonia. 

Uramidobenzoic  acid,  treated  with  a  mixture  of  nitric  and  salphurio 
acid,  yields  three  isomeric  dinitro-uramidobenzoic  acids,  which,  when 
boiled  with  water,  are  converted  into  three  nitro-amidobenzoic  acids,  a,  iS,  / 
(p.  900). 

Para-aramidobenzoic  acid,  formed  as  above  from  paramidoben- 
zoic  acid,  crystallizes  in  white  shining  elongated  lamius,  but  slightly  solu- 
ble in  water  even  at  the  boiling  heat.  By  nitration  it  yields  only  one 
dlultro-paramidobenzoic  acid,  convertible  into  one  nitro-par amidobenzoic 
acid. 

Diamidobenzoic  acid,  €IqH3(NII2)2*CO,H. — ^The  six  x>ossible  modifi- 
cations of  this  acid  have  all  been  obtained,  viz.  (CO^H  in  1): 

1:2:3,     1:2:4,     1:2:5,     1:2:6,     1:3:4,     1:3:5. 

Tlie  acids  1:2:3  and  1:3:4  are  formed  from  &  and  y  nitro-metamidoben- 
zoic  acid  (p.  900),  and  yield  by  distillation  ortho-diamidobenzene. 

The  acids  1:2:6,  1:2:4,  and  1:3:5  are  formed  by  reduction  of  the 
three  dinitrobenzoic  acids  (pp.  898,  899),  and  are  converted,  by  elimina- 
tion of  CO,,  into  metadiamidobenzene. 

The  acid  1:2:5  (or  1 :  3  :  6)  is  formed  from  A-nitro-metamidobenzoic  acid 
and  from  the  corresponding  dinitrobenzoic  acid,  and  is  convertible  into 
paradiamidobenzene. 

Hence  it  appears  that  (1 : 4)  diamidobf  nzene  is  producible  from  only  one 
diamidobenzoic  acid :  (1:3)  diamidobenzene  from  three;  and  (1 :  2)  diami- 
dobenzene  from  two  diamidobenzoic  acids.  This  result  affords  a  further 
confirmation  of  the  structure  of  the  three  diamidobenzenes  (pp.  813,  837). 

A  triamidobenzoic  acid,  C^.C02H.NH2.H.NH,.NH2.H,  is  formed  by  reduc- 
tion of  (1:2:4:5)  dinitramidobenzoic  acid.  It  crystallizes  in  shining 
needles  containing  ^HgO,  and  is  resolved  by  distillation  into  CO,  and  tri- 
amidobenzene. 

Azobenzoic  Adds. — ^The  action  of  sodium-amalgam  on  the  mononi- 
trobenzoic  acids  (or  rather  on  their  sodium-salts)  gives  rise  (as  in  the  case 
of  nitrobenzene,  p.  851)  to  azo-,  azoxy-,  and  hydrazobenzoio  acids : 

CeH,<^^»S  C«H,<^<^»H  C,H,<^^^« 

^«^*<COjH  ^«^*<C02H  ^"^^^^COaH 

Azoxybenzolc.  Azobenzoic.  Hydrazobenzoio. 

Metazobenzoic  acid,  Cj^HigNjO^  +  JHjO  (CO^H  and  N  in  the  rela- 
tive positions  1,  3),  is  precipited  by  hydrochloric  acid  from  the  solntion  of 
its  sodium  salt,  as  a  yellow  amorphous  powder,  very  slightly  soluble  in 
water,  alcohol,  and  ether  ;  decomposed  by  distillation.  It  is  bibasic,  and 
forms  crystalline  yellow  salts  and  ethers.  Parazobenzoic  acid  is  a  flesh- 
colored  amorphous  powder. 

Azoxybenzoic  acid,  C,4H,oN/)5  (1:3),  is  formed  by  boiling  an 
alcoholic  solution  of  metanitrobenzoic  acid  with  solid  potash,  and  is  pre- 
cipitated by  hydrochloric  acid  in  yellowish  crystalline  flocks. — ^Bibasic. 
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Hydrazobenzoic  acid,  C,4H|jN204,  is  formed  bj  adding  ferrous 
sulphate  to  a  boiling  solution  of  azobenzoic  acid  in  caustic  soda-lye,  and  is 
precipitated  by  hydrochloric  acid  in  yellowish  flocks,  very  slightly  soluble 
in  hot  alcohol.  Its  salts  in  aqueous  solution  absorb  oxygen  from  the  air, 
whereby  they  are  converted  into  azobenzoates.  By  boiling  with  hydro- 
chloric acid  it  is  converted  into  an  isomeric  acid  derivable  from  diphenyl, 
just  as  hydrazobeu2eue  is  converted  into  bemudine  (p.  852): 

I  is  converted  into 

The.  last-mentioned  acid  is  resolved  by  distillation  into  CO,  and  benzidine. 

Diazo-derivatiTes  of  Benzoic  Acid. — These  compounds  are  formed 
from  the  amido benzoic  acids  in  the  same  manner  as  the  diazo benzene-com- 
pounds from  the  amidobeuzenes.  ^' 

<N~N  NO 
CO  H '      ^  t  ^  formed  by  the  action 

of  nitrons  acid  on  a  solution  of  metamido benzoic  acid  in  nitric  acid.  It  is 
sparingly  soluble  in  cold  water,  and  separates  therefrom  in  colorless  prisms, 
which  explode  violently  when  heated.  Potash  added  to  the  aqueous  solu- 
tion throws  down  a  yellow,  very  unstable  mass,  probably  consisting  of  free 

diazobenzoic  acid  I  CgH^-^h-?^  qj,?  I  .      The  nitrate  boiled  with  water 

yields  meta-oxybouzoic  acid.  Bromine-water  added  to  the  aqueous  solu- 
tion throws  down  the  perbromide,  C^HjNjOjBrs,  as  an  oil  which  solidi- 
fitis  in  yellow  prisms,  and  is  resolved  by  heating  with  alcohol  into  nitrogen, 
bromine,  and  metabromobenzoic  acid. 

Diazo-amidobenzoic   acid,    C14H11NJO4    == 

C1T  .x'N — N— NH— CiiHj— CO«H      >  ••axj  •*      ^      >  ■% 

6"^iK^rQ  u  >   IS  precipitated,  on  passing  nitrons  acid 

into  the  alcoholic  solution  of  metamidobenzoic  acid,  as  an  orange-red  crys- 
talline powder,  nearly  insoluble  in  water,  alcohol,  and  ether.  It  is  a  weak 
bibasic  acid,  and  its  salts  in  aqueous  solution  are  very  unstable.  The 
acid,  heated  with  halo'id  acids,  yields  the  corresponding  halogen-deriva- 
tives of  benzoic  acid. 

Diazo-  and  diazo-amido-oompounds  of  exactly  similar  character  are  ob- 
tained from  ortho>  and  para-amidobenzoic  acid. 

Sulphobenzoio  Aoids,  C,H4<^gQ«^  .  —When  vapor  of   sulphuric 

anhydride  is  passed  over  dry  benzoic  acid,  and  the  product  is  treated  with 
water,  or  when  benzoic  acid  is  heated  for  a  considerable  time  with  fuming 
sulphuric  acid,  the  chief  product  formed  is  fn«to-sulphobenzoic  acid,  the 
/Kira-acid  being  also  produced  in  small  quantity.  The  latter  is  obtained  in 
the  pure  state  by  oxidation  of  para-toluenes ulphonio  acid  (p.  860),  or 
para-sulphocinnamic  acid^  with  chromic  acid  mixture. 

The  m6/a-acid  is  a  colorless,  crystalline,  very  deliquescent,  strongly  acid 
mass,  converted  by  distillation  with  PCljinto  meta-chlorobenzoyl  chloride. 
It  is  a  very  stable  bibasic  acid :  its  neutral  barium  salt  is  very  soluble. 
The  ;>arn-acid,  C^HrSO,,  crystallizes  in  non-deliquescent  needles,  melting 
above  200O  c.  (3920  P.),  and  decomposing  even  at  a  lower  temperature. 
Its  neutral  barium  salt,  C^H^SO^Ba-f-  2U,0,  crystallizes  in  small,  ramified, 
easily  soluble  needles. 
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Chloro-  and  Bromo-sulphobenzoic  acids  are  obtained  bj  the 
action  of  faming  sulphuric  acid  on  the  corresponding  derivatives  of  benzoic 
acid,  and  by  oxidation  of  chloro-  and  bromo-toluene-sulphonic  acids. 

Disulphobenzoic  acid^  C8H4(COaH)(S08H)„  is  formed  by  heating  benzoic 
acid  with  fuming  sulphuric  acid  and  phosphoric  anhydride  to  25(P  C.  (48:iP 
F.).  Deliquescent  acicular  prisms.  Tribasic.  Bj  distillation  with  potas- 
sium cyanide,  it  yields  a  dicyanide,  m.  p.  1590  C.  (318.20  F.),  convertible 
into  isophthalio  acid.  An  isomeric  disulpho-aoid  is  formed  by  oxidation 
of  toluenedisulphonic  acid. 


Tolvilo  Acids,  CgHgO,. — Of  these  adds  there  are  two  metameric 

modifications,  viz. : 

Tolulc  or  methyl-befizoio.  Alpha-toluic  or 

phenyl-aoetic. 

the  first  admitting  of  the  three  isomeric  modifications,  o-,  m-,  ;>-.  These 
three  toluic  acids  are  formed  by  oxidation  of  the  corresponding  dimethyl- 
benzenes  (xylenes)  with  nitric  acid  diluted  with  3  volumes  of  water  ;  also 
from  the  corresponding  cyanotoluenes,  CeH4(CN).CU|,  by  the  action  of 
alcoholic  potash,  or  of  strong  hydrochloric  acid.  By  oxidation  with 
chromic  acid  mixture,  or  potassium  permanganate,  they  are  converted  into 
the  corresponding  phthalic  acids,  CqU^CCO^U)!. 

Orthotoluic  acid  crystallizes  in  long  slender  needles  melting  at 
102.50  C.  (215. 60  F.) ;  is  moderately  soluble  in  hot  water,  and  distils 
easily  with  aqueous  vapor.  By  oxidation  with  permanganate  it  yields 
phthalic  acid,  whereas  chromic  acid  mixture  oxidizes  it  completely  to  car- 
bonic acid.  Its  calcium  salt^  (CgHf02).^Ca  -\-  2H2O,  and  harittm  salty 
(C,Hf0^2^^>  ^orta  slender  needles  easily  soluble  in  water. 

Metatoluic  acid  is  best  obtained  from  cyanotoluene,  or  by  the  action 
of  sodium-amalgam  on  bromometatoluic  acid.  It  is  more  soluble  in  water 
than  its  two  isomerides,  and  crystallizes  from  hot  water  in  slender  needles, 
melting  at  109O-110O  C.  (228.20-2300  F.) ;  distils  easily  with  aqueous 
vapor.  Chromic  acid  mixture  oxidizes  it  readily  so  isophthalic  acid.  Its 
calcium  salt t  (CgH702)Ca  -{-  dB.fi,  crystallizes  from  alcohol  in  needles,  easily 
soluble  in  water. 

Bromometatoluic  acid^  CgH^BrOj,  is  formed  by  heating  nitropara-bromo- 
toluene  with  alcoholic  potassium  cyanide  to  220O  C.  (4280  F.),  and  saponi- 
fying the  product  with  potash. 

Paratoluic  acid,  obtained  by  oxidation  of  (1  :  4)  xylene,  or  of 
cymene,  with  dilute  nitric  acid,  crystallizes  in  needles  melting  at  1780  C. 
(362.40  F.).  Its  calcium  salt,  (C8H,0j).^Ca  +  2H,0,  forms  needles  easily 
soluble  in  water.     Chromic  acid  mixture  oxidizes  it  to  terephthalic  acid. 

Alpha-toluic  or  Phenyl-acetic  acid,  JC^Hg.CHg.COjH,  is  formed 
by  boiling  benzyl  cyanide,  CgH^.CHj.CN,  with  alkalies  ;  by  heating  man- 
dclic  acid,  CjH5.Cli(OlI).C02H,  with  hydriodic  acid;  by  boiling  vulpic 
acid,  CijHj^Og  (p.  918),  with  baryta;  and  as  an  ethylic  ether,  by  heating 
a  mixture  of  bromobenzene  and  ethyl  chloracetate  with  sodium : 

C.HjBr  -f  CHgCl.COjCaHs  +  Na,  =  NaBr  +  NaCl  +  C,H5.CH,.C0,C,H5  . 
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It  crystallizes  from  boiling  water  in  broad  thin  laraiuie,  very  mucli  like 
benzoic  acid ;  smells  like  horse-sweat ;  melts  at  76.5^  C.  (1()7.90  F.),  and 
boils  at  2610^2620  C.  (501.80-503.60  F.).  By  distillation  with  PClj  it 
yields  the  chloride  CqHj.CU^.COCI,  which  passes  over  as  a  colorless  heavy 
liquid.     By  oxidation  with  chromic  acid  mixture  it  yields  benzoic  acid. 

Aolds,    C,H|oO,.  —  Of   the   six    possible   dimethyl-carbonic   acids, 
CcU,(CU|),.CO,U,  three  are  known,  viz. : 

CO,H  CO,H  CO,H 


CH, 


CH, 


'• 


\/ 


CH, 


CH,  CHj 

Metitylenio.  Zylio.  Paraxylio. 

Mesitylenio  acid  (1  :  3  :  5),  formed  by  oxidizing  mesitylene  with 
dilute  nitric  acid,  crystallizes  from  alcohol  in  large  prisms,  from  water  m 
needles ;  melts  at  1660  C.  (330.80  F.),  and  sublimes  without  di>com}X)- 
sition.  Distilled  with  excess  of  lime  it  yields  isoxylene.  By  nitric  acid 
it  is  further  oxidized  to  trimesic  and  uvitic  acids.  Its  barium-«iltj\C^H^O^)Jii&, 
dissolves  easily  in  water,  and  forms  large  shining  prisms.  The  eihylic 
ether,  C,H90,.C,Us,  solidifies  at  OO,  and  boUs  at  241^  C.  (4(>5.80  F.). 

Xylio  acid  (1:2:4),  and  paraxylic  acid  (1:3:  4),  are  formed, 
together  with  bi basic  xylidic  acid,  CgH3(CHj).(C0,H)j,  by  oxidizing  pseudo- 
cumeno  (p.  819)  with  dilute  nitric  acid  at  the  boiling  heat.  At  the  end 
of  the  reaction  a  crystalline  mass  separates,  and  on  repeatedly  boiling 
this  mass  with  water,  xylic  and  paraxylic  acids  pass  over,  while  xylidic 
acid  and  nitro-acids  remain  behind.  The  xylic  and  paraxylio  acids  are 
separated  by  the  different  solubility  of  their  calcium  salts,  the  xylate 
being  the  more  soluble  of  the  two.  Both  acids  crystallize  in  prisms, 
xylio  acid  melting  at  1260  C.(258.80  F.),  paraxylic  acid  at  1630  c.  (325.40 
F.).  Xylic  acid  is  more  soluble  in  water  than  paraxylic  acid.  Both  acids 
dissolve  easily  in  alcohol. 

Alphaxylic  acid,  C,H4(CH3).CH2.C02H,  is  obtained  by  boiling 
xylyl  chloride  with  x)otas8ium  cyanide  (whereby  xylyl  cyanide,  C^HjCN, 
is  produced),  and  then  with  potash.  It  crystallizes  in  broad  needles, 
having  a  satiny  lustre,  easily  soluble  in  water,  and  boiling  at  420  C. 
(107.60  F.). 

Ethyl-benzoic  acid,  C<H/C,H5).C0,H  (1  :  4),  obtained  by  oxida- 
tion of  para-diethylbenzene  with  nitric  acid,  and  from  bromethylbenzeno 
by  the  action  of  Na  and  00^,  crystallizes  from  hot  water  in  slender  laminie 
melting  at  llOO  C.  (230O  F.),  and  easily  subliming.  By  oxidation  it  yields 
terephthalic  acid. 

Hydrocinnamio,  Phenylpropionio,  or  Homotoluic  acid, 
C0Hj.CH2.CH2.CO2H,  is  formed  by  the  action  of  sodium-amalgam,  or  of 
very  strong  hydriodic  acid  at  10CK5,  on  cinnamic  acid,  C^Hj.CHUCH.COjH, 
also  by  heating  chlorethyl-benzene,  CjHj.CHj.CHjCl  (p.  827),  with  potas- 
sium cyanide,  and  boiling  the  resulting  nitril  with  potash.  It  cry  stall  iz(« 
in  slender  needles,  easily  soluble  in  hot  water  and  in  alcohol,  melts  at  4TO 
C.  (116.60  F.),  and  distils  without  decomposition  at  28()0  C.  (5360  F.). 
By  oxidation  it  yields  benzoic  acid.  Heated  to  I6OO  C.  (320O  F.)  with 
bromine,  it  is  reconverted  into  cinnamic  acid  :  C^HiqOj  -|-  Br,  =  2HBr  -|- 
C.H.O,. 
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Hydro-atropic  add,  C,H,.CH<^^»jj  ,  formed  by  the  action  of  sodium- 
amalgam  on  atropic  acid,  is  a  thick  oily  liquid. 

Acids,  CioH, A.--D  u  r  y  1  i  c  a  c  i  d ,  CeHa(CH3),.C0,H,  formed  by  oxi- 
diziDg  durene,  C.HjCCH,),,  with  dilute  nitric  acid;  crystallizes  in  hard 
prisma  me  tmg  at  15UO  c.  (302O  F.),  and  is  converted  by  oxidaUon  into 
cumidic  acid. 

.llZ'^L  *°'^'  ^•,?*^^»?'^;?^J^^(^  •  ^>»  "  «^^i^«d  by  oxidation  of 
uumlnol.  Potaaslum  Ojinyl 


ymyl 
oumate.  alcohol. 


It  crystallizes  in  needles  and  laminae,  dissolves  easily  in  hot  water  and  in 
alcohol,  melts  at  1130  C.  (236.4P  F.),  boils  at  about  290O  C.  (6540  p.). 
By  distillation  with  lime  it  yields  cumene,  C^Hj,,  and  by  oxidation  with 
chromic  acid  it  is  converted  into  terephthalic  acid. 

Alphacymic  a  c  i  d ,  CnHi.O,,  probably  CeH,(CH,),.CH,CO,H,  is  formed 
by  the  action  of  caustic  alkalies  on  cymyl  cyanide,  CijHu.CN. 


MoiTATOMic  Acids,  CnHj^-ioO,. 

The  adds  of  this  series  are  unsaturated  compounds,  related  to  benzoic 
acid  and  its  homologues,  in  the  same  manner  as  those  of  the  acrylic  series 
to  the  fatty  acids. 

Cinnamlo  Acid,  CaH^O,  =  C^Hj.CHZlCH.COjH  (Phenol-acrylic 
acid). — This  acid  is  produced  synthetically:  1.  By  heating  benzoic  alde- 
hyde in  close  vessels  with  acetyl  chloride : 

C-H5O    +     CjHjOCl    =    HQ    +    CjHaO,. 

?..  By  heating  the  same  aldehyde  with  acetic  anhydride  and  sodium 
acetate : 

2C7H,0    +    C^HjO,    =    2C,H802    +    Bfi. 

The  mode  of  action  in  this  case  is  not  well  understood,  but  the  presence 
of  the  sodium  acetate  appears  to  be  essential. 

3.  By  treating  potassium  benzoate  with  chlorethidene,  CjHjCl  (produced 
by  the  action  of  carbonyl  chloride  on  acetic  aldehyde) : 

C^H^O    +    COCl,    =    HQ    +     CO,    4.    C,Hja. 
and 

C^HgCl    4-    CtHjO^K    =    KQ    +    C,H,0,. 

4.  By  the  action  of  sodium  and  carbon  dioxide  on  monobromo-cinna- 
mene : 

CeHj.CH^CHBr    +     CO,    +    Na,    =    NaBr    +    CeHjCHzzCH.COjNa . 

5.  Cinnamic  acid  is  also  produced  by  oxidation  of  cinnamon-oil  (cinna- 
mic  aldehyde,  C^II^O)  in  air  or  oxygen,  and  exists  ready  formed,  toge- 
ther with  benzoic  acid,  and  certain  oily  and  resinous  substances,  in  Peru 
and  Tolu  balsams — ^the  produce  of  certain  South  American  MyroxylwM 
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being  doubtless  formed  by  oxidation  of  cinnyl  alcohol  or  styrone,  C^HjoO 
(p.  886),  likewise  contained  therein.  It  is  easily  prepared  by  mixing  pul- 
verized Tola  balsam  with  an  equal  weight  of  slaked  limei  filtering  hot,  and 
decomposing  the  calcium  cinnamate,  which  crystallizes  out  on  cooling,  with 
hydrochloric  aoid.     The  mother-liquid  contains  calcium  benzoate. 

Cinnamic  aoid  crystallizes  from  hot  water  in  slender  needles,  from  alco- 
hol in  thick  prisms.  It  is  inodorous,  melts  at  1330  C.  (271.40  F.),  and 
distils  almost  without  decomposition  at  2/^00  C.  (554^  P.).  It  is  much  less 
soluble  in  water  than  benzoic  acid,  bat  dissolves  easily  in  alcohol.  It  is 
oxidized  by  nitric  acid  to  benzoic  acid  and  benzoic  aldehyde  ;  by  chromic 
acid  chiefly  to  benzoic  acid.  By  fusion  with  excess  of  potash  it  is  resolved 
into  benzoic  and  acetic  acids  : 

C^HgO,    +     2H,0    =    C,H.Oa    +    C,H,0,    +     H,, 

the  decomposition  being  precisely  analogous  to  that  of  an  acid  of  the 
acrylic  series  into  two  acids  of  the  fatty  series  (p.  715).  By  distillation 
with  lime  or  baryta,  and  partly  also  when  distilled  alone,  it  is  resolved 
into  carbon  dioxide  and  cinnamene,  CgH,  (p.  821). 

The  metallic  cinnamates,  CgH^MO,  (for  monatomic  metals),  are  very  much 
like  the  benzoates. 

Ethyl  Cinnamatey  Cfifi2'^i^6*  obtained  by  passing  gaseous  hydrogen 
chloride  into  a  solution  of  cinnamic  acid  in  absolute  alcohol,  is  a  liquid 
boiling  at  267°  C.  (512.60). 

Benzyl  Cinnamate  or  Cinnamein,  CgH^Oj.CfHf,  is  contained  in  Peru  and 
Tolu  balsams,  in  small  quantity  also  in  storax,  and  may  be  formed  artifi- 
cially by  heating  sodium  cinnamate  with  benzyl  chloride.  It  crystallizes 
in  shining  prisms  melting  at  390  C.  (102.20  y.),  distilling  without  decom- 
position only  under  reduced  pressure. 

Cinnyl  Cinnamate  or  Styracin^  C^llfi^,CgU^f  occurs,  together  with  cinna- 
mene, in  liquid  storax  (which  exudes  from  Styrax  calamita^  a  shrub  grow- 
ing in  Greece  and  Asia  Minor),  and  may  be  obtained  therefrom  by  distil- 
ling the  balsam  to  expel  the  cinnamene,  then  boiling  it  with  aqueous 
sodium  carbonate  to  remove  free  cinnamic  aoid,  and  kneading  the  spongy 
residue  between  the  fingers.  The  styracin  then  runs  out  as  an  oily  liquid, 
and  may  be  obtained  in  tufts  of  prisms  by  crystallization  from  alcohol. 
By  distillation  with  potash  it  is  resolved  into  cinnyl  or  styryl  alcohol, 
CgHigO,  and  cinnamic  acid. 

Addition-products  of  Cinnamic  Acid. — ^This  acid,  like  other  unsaturated 
compounds,  can  take  up  H,,  UBr,  ClOH,  etc. ;  thus  it  is  converted  by  so- 
dium-amalgam into  hydrocinnamio  aoid,  C^UioOi  (p.  905). 

Cinnamic  Dibromide,  C9HgBr,0,=  C,H5.CHBr.CHBr.CO,H,  formed 
by  the  action  of  bromine  vapor  on  cinnamic  or  on  hydrocinnamio  acid, 
crystallizes  from  alcohol  in  rhombic  laminae,  melting,  with  decomposition, 
at  about  1950  c.  (3830  p.).  By  boiling  with  water  it  is  resolved  into 
monobromocinnamene  and  phenylbromolactio  acid,  C.IL.CUBr. 
CH(OH).CO,H. 

This  last  mentioned  aoid  is  also  formed  by  direct  addition  of  BrHO  to 
cinnamic  acid,  and  phenyl-chlorolactic  acid  in  like  manner  by 
addition  of  ClOH.  Both  these  acids  are  converted,  by  heating  with  alco- 
holic potash,  into  pheny loxyaorylic  or  oxycinnamic  acid, 
C0H5.CU^C(OH).CO,H,  which  separates  from  its  salts  as  an  oil,  solidifying 
in  shining  laminsB,  and  decomposed  by  heat. 

Substitution-products, — Cinnamic  dibromide  heated  with  alcoholic  potash 
yields  two  isomeric  monobromoc  innamic  acids,  viz.: 

C,H5.CH=CBr.C0jH  CeHj.CBr— CH.CO,H 

a  6 
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Both  are  crystalline.  The  a-acid  melts  at  130O  C.  (260O  F.),  and  forms 
salts  which  crystallize  readily  ;  the  /S-aoid  melts  at  120O  C.  (248^  F.),  and 
forms  deliquescent  salts,  a  unites  with  2  atoms  of  bromine,  and  is  con- 
verted by  sodium-amalgam  into  hydrocinnamic  acid  ;  &  is  converted  into  « 
by  distillation,  or  by  heating  with  hydriodic  acid. 

Two  nitrocinnamic  acids  (jortho-  and  para-)  are  formed  by  direct 
nitration,  and  may  be  separated  by  the  different  solubilities  of  their  ethylic 
ethers  in  cold  alcohol,  the  /h-compound  being  nearly  insoluble.  The 
o-compound  melts  at  2320  c.  (449.60  F.),  the  ;)-oompomid  at  2650  C. 
(509O  F.).  Both  are  converted  by  chromic  acid  into  the  corresponding 
uitrobenzoio  acids. 


The  following  homologues  of  cinnamic  acid  (which  cannot  here  bo  de- 
scribed) are  formed  by  heating  benzoic  and  cumic  aldehydes  with  the  so- 
dium salt  of  a  fatty  acid,  CqHjqO,,  and  the  corresponding  anhydride, 
(C„H2„_iO)jO,  e.  </.,  phenyl crotonic  acid  from  benzoic  aldehyde,  sodium 
propionate,  and  propionic  anhydride-— the  mode  of  formation  being  exactly 
analogous  to  that  of  cinnamic  acid  from  C^H^O  and  C^H^O,  (p.  906): 

Acid*  from  Benzoic  Aldehyde,  I  Acid$  from  Cumic  Aldehyde, 

Phenylcrotonio  ....     C,oH,QOg    Cumenyl-acrylic      .     .     .     CjjHi^O, 

Isophenylcrotonic   .     .     .     C,qH,oO,    Cumenyl -crotonic    .     .     .     C,,H„0, 


Fhenyl-angelic  ....     CuH^O, 


Gumcnyl-angelio     .     .     •    Cj^Hj^O, 


An  Isophenylcrotonic  acid  is  formed  by  the  action  of  succinic  anhydride 
and  sodium  succinate  on  benzoic  aldehyde : 

C,H,0,    +    C,HeO    «    CO,    +     CxoHioO, . 

Sodium-amalgam  converts  these  acids  into  acids  of  the  series  C,jHj„_gO, ; 
e.  g.,  hydrocumeuylacrylic,  C^HigO,.* 


Atropic  and  Isatropio  Aoida,  isomeric  with  cinnamio  acid,  are 
formed  simultaneously  from  tropic  acid  (p.  930),  by  boiling  with  baryta- 
water  or  hydrochloric  acid  :  CjHjqOj  —  HgO  =  CjHgO,. 

Atropic  acid,  the  chief  product  formed  when  baryta  is  used,  crys- 
tallizes from  hot  water  in  monoclinic  plates,  slightly  soluble  in  cold  water, 
melting  at  106.50  C.  (223.70  F.).  It  is  oxidized  by  chromic  acid  mixture 
to  benzoic  acid ;  converted  by  sodium-amalgam  into  hydroatropic  acid 
(p.  906);  and  resolved  by  fusion  with  x>otash  into  alphatoluic  acid,  C^Hj. 
CH^.COjH,  and  formic  acid,  whereas  cinnamic  acid  similarly  treated  yields 
benzoic  and  acetic  acids  ;  hence  it  appears  that  atropic  acid  is  related  to 
cinnamic  acid  in  the  same  manner  as  methacrylic  to  solid  crotonic  acid 
(p.  716): 

CHj— CHZICH— CO,H  CH,Z:C(CH,)  (CO,H) 

Crotonic.  Methacrylic. 

C5II5— cn— cn— co^H  CH^nccCgiij,)  (co,n) 

Cinnamic.  Atropic. 

•  Pe  rk  I  n,  Chem.  Soc.  Journal,  1877, 1.  888. 
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Isatropic  acid,  probably  a  polymeric  modification,  is  the  chief  pro- 
duct obtained  by  heating  tropic  acid  with  hydrochloric  acid  to  140P  C. 
(284^  F.).  It  forms  thin  laminse,  very  slightly  soluble  in  water,  melts  at 
200O  C.  (3920  F.);  does  not  unite  with  nascent  hydrogen. 


Acids,  C„H^_iA:— 

Phenyl-propiolic  acid,  C,H,0,  =  CeHj—C^C—COaH,  is  formed  : 
1.  By  boiling  a-bromocinnamic  acid  with  alcoholic  potash.  2.  By  the 
action  of  Na  and  CO,  on  a-bromocinnamene,  CgHj — CgHjCHZICHBr.  3. 
By  the  action  of  COg  on  sodium-acetenylbenzene  (p.  822)  dissolved  in 
ether  * 

CeHj— C=CNa    +    COj    =    CeHg— C=C— CO,Na. 

It  crystallizes  from  hot  water  in  long  shining  needles  ;  melts  and  sublimes 
at  13GO-1370  C.  (276.8Q-278.60  F.);  melts  under  water  at  80O  C.  (176© 
F.).  It  is  oxidized  by  chromic  acid  mixture  to  benzoic  acid  ;  converted 
by  sodium-amalgam  into  hydrocinnamic  acid  ;  resolved  by  heating  with 
water  to  120O  C.  (2480  F.)  into  CO.  and  phenyl-acetylene,  CeHft.CElCH 
(p.  822). 

Homologous  with  phenyl-propiolic  acid  are  the  following  acids  formed 
from  cinnamic  aldehyde,  CjHgO,  by  the  action  of  the  anhydrides  and 
sodium  salts  of  fatty  acids,  viz.  :— 

Cinnamenyl-acrylic  acid  ....     C„HjoO, 

Cinnamenyl-crotonic  acid        ....    CijH„0, 
Cinnamenyl-angelic  acid  ....     C^HjiO,  . 


MONOBASIC  AND   DIATOMIC  ACIDS. 


(1)  C„H,„_80j,  or  C„H,„_-e  |  qq  g  • 


These  aromatic  oxy-acids,  like  the  corresponding  acids  of  the  fatty  series 
(the  lactic  acids),  exhibit  alcoholic  as  well  as  acid  characters.  In  contact 
with  carbonates  they  give  up  only  the  hydrogen-atom  of  the  COjH  group 
in  exchange  for  a  metal  (forming  neutral  salts),  but  when  acted  upon  by 
strong  free  bases  (caustic  alkalies),  th^y-  likewise  exchange  the  hydrogen 
of  the  hydroxy  1-group  (the  alcoholic  or  phenolic  hydrogen)  for  metals, 
forming  so-called  basic  salts,  «.  ^.,  CgH4(0Na)(C0jNa).  These,  like  the 
metallic  derivatives  of  the  phenols,  are  decomposed  by  carbonic  acid,  and 
converted  into  neutral  salts. 

The  aromatic  oxy-acids  are-  formed  from  the  halogen-derivatives  of  ben- 
zoic acid  and  its  homologues,  and  from  the  sulpho-acids,  by  fusion  with 
alkalies  ;  from  the  amido-derivatives  of  the  same  acids  by  the  action  of 
nitrous  acid ;  and  from  the  phenols  by  the  action  of  sodium  and  carbon 
dioxide. 

Ozybenzolc  Acids,  C^Ufi^ssC^n^(OT^).COfi. 

1.  Ortho-oxtbbnzoic  or  Salicylic  Aciif  (1  :  2)  is  formed : 
(1)  By  heating  sodium  phonate  in  a  stream  of  carbon  dioxide,  phenol 
then  distilling  over,  while  disodium  salicylate  remains  behind  : 

2CeH50Na    +    CO^    =    CgH^ONa.COjNa    +    C^HjOH  . 
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The  reaction  takes  place  even  below  lOOO,  but  proceeds  most  qnicklj 
between  170©  and  180O  C.  (3380  and  3660  F.),  and  goes  on  in  the  same 
way  up  to  300O  C.  (572P  F.),  at  which  temperature  the  sodium  salicylate 
begins  to  decompose.  This  process  is  applied  to  the  preparation  of  sali- 
cylic acid  on  the  large  scale.  Potassium  phenate  heated  in  a  stream  of 
carbon  dioxide  is  decomposed  in  the  same  manner,  yielding  pure  dipotas- 
sium  salicylate  up  to  15(P  C.  (302O  F.);  but  above  that  temperature  the 
isomeric  paraoxybenzoate  is  likewise  produced,  increasing  in  proportion 
as  the  temperature  rises,  and  becoming  the  sole  product  at  220O  C.  (428^ 
F.).  Monopotassium  salicylate  is  decomposed  in  the  same  manner  at  22(K> 
(4280  F.),  yielding  a  distillate  of  phenol  and  a  residue  of  dipotassium 
paraoxybenzoate : 

2(CeH^(0H).C0,K)    =    C,H^(OK).CO,K    +     CgHgOH    +     CO,; 

and  the  monosodium  salt  undergoes  a  similar  decomposition,  yielding, 
however,  not  paraoxybenzoate,  but  salicylate  of  sodium. 

(2)  By  oxidation  of  salicylic  aldehyde  or  of  saligenin  (p.  884). 

(3)  By  the  action  of  nitrous  acid  on  (1  :  2)  amidobenaoic  (anthonilic) 
acid: 

CeH4(NH,).C0,H    +     NO.OH    =    CeH^(OH).CO,H    +     N,    +     H,0. 

(4)  By  fusing  (1:2)  chloro-  or  bromobenzoic  acid,  or  (1  :  2)  toluene- 
sulphonic  acid  with  alkalies. 

(5)  Together  with  acetic  acid,  by  heating  ooumaric  acid  with  potassium 
hydroxide : 

C^HgOg    +    2ELfi    =    C,H,0,    +    C,H,0,    +    H,. 

Salicylic  acid  occurs  in  the  free  state  in  the  flowers  of  meadow-sweet 
{Spirtea  vdmaria),  and  as  a  methylic  ether  in  oil  of  winter-green  {GatMerta 
procumbens),  from  which  it  may  be  obtained  by  distillation  with  potash. 

Salicylic  acid  crystallizes  from  its  alcoholic  solution  by  spontaneous 
evaporation  in  large  monocliulc  prisms.  It  requires  about  1800  parts  of 
cold  water  to  dissolve  it,  but  is  much  more  soluble  in  hot  water  and  in 
alcohol.  Its  aqueous  solution  imparts  a  deep  violet  color  to  ferric  salts. 
It  melts  at  1550-1560  C.  (3110-312.80  F.),  gives  off  phenol  at  a  higher 
temperature,  and  when  heated  with  pounded  glass  or  quick-lime,  is  com- 
pletely resolved  into  carbon  dioxide  and  phenol.  It  is  distinguished  from 
both  its  isomerides  by  its  behavior  with  ferric  salts,  its  very  slight  solu- 
bility in  water,  and  its  lower  melting  point.  It  is  a  very  poweH'ul  anti- 
septic. 

f  O 
Basic  Barium  salicylate,  CjH^<^  Q*^Ba+ 2H,0,  separates  in  sparingly 

soluble  laminae  on  boiling  salicylic  acid  with  baryta-wat«r,  both  the  hy- 
droxy lie  hydrogen -atoms  being  replaced  by  barium.  The  basic  calcium  saU 
is  formed  in  a  similar  manner,  and  separates  as  an  insoluble  powder.  This 
reaction  alTords  another  distinction  between  salicylic  acid  and  its  isome- 
rides. 

Halogen-derivatives  of  Salin/lic  acid  are  easily  formed  by  the  direct  action 
of  bromine  and  chlorine  ;  also  of  iodine,  in  presence  of  HgO  or  IO3H.  By 
nitration  salicylic  acid  yields  three  nitro-acids. 

Salicylic  chloride,  CgH^Cl.CO.Gl,  formed  by  the  action  of  PCl^  on 
the  acid,  is  an  oil  which  boils  at  240O  C.  (4()4P  F.),  and  is  converted  by 
hot  water  into  o-chlorobenzoic  acid. 

Salicylic  anhydride  or  Salicylide,  C^Il4<^^]>  ,   formed    by 

the  action  of  PCl^O  on  salicylic  acid,  crystallizes  in  shining  needles,  dia- 
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solves  sparingly  in  water,  and  is  reconverted  by  alkalies  into  salicylic 
acid. 

Salicylamide,  CeH,(0H).C0.NH2,  formed  by  hnatiug  ammoniam 
salicylate,  or  by  the  action  of  ammonia  on  salicylic  ethers  forms  sparingly 
soluble  laminaB  melting  at  1320  C.  (269.60  F.). 

Salicylic  ethers  are  formed  by  passing  gaseoos  hydrogen  chloride 
into  the  solutions  of  salicylic  acid  in  the  corresponding  alcohols.  The 
monomethylic  ether ^  CgH4(OH).C()2CH,,  is  the  chief  constituent  of  winter- 
green  oil.  It  is  a  fragrant  liquid  of  specific  gravity  1.197  at  (P,  boiling 
at  224P  C.  (435.20  F.),  colored  violet  by  ferric  chloride.  The  monethylic 
ether  boils  at  2210  C.  (429.80  F.). 

The  dimethylic  ether,  C6H,(OCH3).CO,CH„  an  oil  boiling  at  240O  C.  (4640 
F.),  is  formed  by  heating  the  monomethylic  ether  with  alcoholic  potash 
and  methyl  oxide : 

CeH/OK).CO,CHj    +     CH,!    =    KI    +     GeIl4(OCH,).CO,CU3 . 

This  ether,  saponified  with  potash,  yields  methyl  alcohol  and  methyl- 
salicylic  acid,  €0(14(00 H3).C03H,  which  forms  large  tabular  crystals, 
molting  at  980  C.  (208. #>  F.),  easily  soluble  in  hot  water  and  alcohol,  re- 
solved at  2000  C.  (3920  F.)  into  COj  and  anisol,  CjHj.OCUj. 

Diethyl  salicylate  and  ethylsalicylic  acid  are  formed  in  like  manner ;  the 
latter  melts  at  19.50  C.  (67.10  F.),  and  is  resolved  at  300O  C.  (672©  F.) 
into  CO.,  and  phenetol,  CgHj.O.CjHj. 

Acetyl  salicylic  acid,  Cf}l^(0.C2\ifi)'C0^}l,  formed  by  the  action  of  acetyl 
chloride  on  salicylic  acid,  crystallizes  in  slender  needles. 

Meta-oxtbbnzoic  Acid,  CjH^(OH).COaH  (1  :  3),  ordinary  oxybenzoio 
acid,  is  formed  by  the  action  of  nitrous  acid  on  nietamidobeuzoic  acid,  and 
by  fusing  metabromo-,  iodo-,  or  sulpho-benzoic  acid  with  potash.  It  is 
sparingly  soluble  in  cold  water  and  alcohol,  easily  in  tlie  same  liquids 
when  hot,  and  separates  on  cooling  as  a  crystalline  powder.  It  melts  at 
20UO  C.  (3920  F.),  sublimes  undecomposed,  and  is  altogether  more  stable 
than  either  of  its  isomerides,  being  resolved  into  CO,  and  phenol  only  by 
distillation  with  lime.  It  is  not  colored  by  ferric  chloride.  Its  ethylic  ether, 
€-114(011). COgCjHj,  crystallizes  in  plates,  dissolves  in  hot  water,  melts  at 
720  C.  (161.60  F.),  and  boils  at  280O  c.  (5360  F.).  The  dimethylic  ether, 
CrtH4(0CH5).C0j.€Hs,  is  formed  by  heating  the  acid  with  CHjI  and  KOH  to 
1400^  and  converted  by  boiling  with  potash  into  methyloxybcnzoic  acid, 
€5114(00 H3).G0jH,  which  crystallizes  in  long  needles,  dissolves  easily  in 
hot  water,  melts  at  lOQO,  and  sublimes  undecomposed. 

Para-oxtbenzoic  Acid,  CjH4(0H).C0.,H  (1  :  4),  is  formed,  as  above  men- 
tioned, by  heating  potassium  phenate  in  a  stream  of  carbon  dioxide  ;  also 
from  (1:4)  chloro-,  bromo-,  iodo-,  and  sulpho-benzoic  acid,  and  from 
various  resins,  by  fusion  with  potassium  hydroxide ;  by  the  action  of 
nitrous  acid  on  paramidobenzoic  acid ;  and  by  heating  anisic  (methyl- 
paraoxybenzoic)  acid  with  strong  hydriodic  acid:  C7H5(CH5)0, -f-  HI  =x 
€Hj,T  4-  C^HjOj.  It  is  more  soluble  in  cold  water  than  metaoxybenzoic  or 
salicylic  acid,  dissolving  in  126  parts  of  water  at  15C  €.  (590  F.)  :  from  a 
hot  solution  it  crystallizes  in  small  distinct  monoclinic  prisms,  ctmtaining 
1  mol.  HjO.  Its  solution  forms,  with  ferric  chloride,  a  yellow  precipitate 
insolnble  in  excess,  without  violet  coloration.  In  the  anhydrous  state  it 
melts  at  21(>oo.  (41 OO  F.),  with  partial  resolution  into  00,  and  phenol. 

Its  basic  barium  salt,  CjH4<^pQ^>JBa,  is  insoluble,  and  affords  the  means 

of  separating  paraoxybenzoic  acid  from  the  meta-acid. 
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Monomethylic  paraoxybenzoate  forms  large  tabular  crystiils,  melts  at  W>  C. 
(62.eP  F.),  aud  boils  at  2830  C.  (541.40 1\),  The  ethylic  etfier  melU  at  1130 
C.  (236.40  F.),  and  boils  at  about  297©  C.  (566.60  p.). 

Methyl-paraoxy benzoic  and  Ethjl-paraoxy benzoic  acids  are  prepared  in 
the  same  manner  as  the  ortho-  and  meta-oompounds. 

Meihyl-paraoxyhenzoic  or  Anisic  acid^  CjH^(0CH3).C0,H,  is 
also  produced  by  oxidation  of  anisaldehyde  and  anethol  (p.  885)— or  the 
crude  oils  of  anise,  fennel,  and  tarragon,  which  contain  am*tho1 — with 
nitric  acid  or  chromic  acid  mixture.  The  anethol  is  first  converted  into 
anisaldehyde : 

CoHi^O    +    O,    =    CaHgO,    +     C-HA    +     H,0, 
Anethol.  Anis-  Ox  alio 

aldehyde.  aeid. 

and  the  aldehyde  is  afterwards  oxidized  to  anisic  acid.    Anisic  acid  is  also  t! 

produced  by  oxidation  of  methyl-paracresol,  C,H4(0CH,).CHj.  | 

Anisic  acid  crystallizes  from  hot  water  in  long  needles,  from  alcohol  in  I 

rhombic  prisms  ;  melts  at  1830  C.  (361.40  F.);  sublimes  and  boils  withoat  •! 

decomposition  at  2830  C.  (541.4^  F.).     By  heating  with  lime  or  baryta  it  * 

is  resolved  into  CO,  and  anisol,  CeH^.O.CH,.     Heated  with  HCl  or  HI,  i 

it  yields  paraoxy benzoic  acid.     Its  salts  are  easily  soluble  in  water,  and  i 

crystallize  well. 

With  the  halogens  and  with  nitric  acid,  anisic  acid  readily  yields  sub- 
stitution-products, which  are  converted  by  distillation  with  baryta  into 
substituted  anisols.  By  the  successive  action  of  fuming  nitric  acid 
and  ammonia,  anisic  acid  is  converted  into  chrysanisic  acid, 
CgH2(N0j),(NH,).C0,U  (p.  900). 

A  c  1  d B ,   CgHgOj  ^  ^7^«»'\co  H  ' 

1.  Cresotic  or  Oxytoluic  Acids,  C,H,(CH,)<[[^q  „  .  —  Three  cresotio 

acids  are  formed  by  the  action  of  Na  and  CO,  on  the  three  isomeric  cresols 
(p.  869)  : 

CeH,(CH,)OH    +     CO,    »    CeH,(CH3)(0H)(C0,H) . 

They  crystallize  in  needles,  dissolve  in  hot  water,  and  are  colored  violet  by 
ferric  chloride.  The  acid  from  o-cresol  melts  at  163Q-1640  C.  (32.5.4Q- 
327.20  F.)  ;  that  from  m-cresol  at  1140  C.  (237.20  F.)  ;  that  from  jj-cresol 
at  150O  C.  (302P  F.). 

A  fourth  oxytoluic  acid  is  obtained  from  sulphotoluic  acid  (from  cara- 
phor-thiocymene)  by  fusion  with  potash  ;  it  melts  at  203O  a  (397.4©  F.), 
and  is  not  colored  by  ferric  chloride. 

2.  Mandblic  or  PnEimxiLTCOLLic  Acid,  CjH5.CH<^q  jj  ,  is  formed  by 

boiling  bitter  almond  oil  for  30-36  hours  with  hydrocyanic  and  hydro- 
chloric acids : 

C.Hj.CHO    +    CNH    -h     2H,0    «    NH,    +    C,H,.CH0H.00,H ; 

also  by  heating  amygdalin  (see  Glucosidbs)  with  hydrochloric  acid.  It 
crystallizes  in  prisms  or  tables,  easily  soluble  in  water,  alcohol,  and  ether, 
melting  at  1150  C.  (2390  F.).  By  oxidizing  agents  it  is  converted  into 
benzoic  acid ;  by  hydriodic  acid  into  alphatoluic  (phenylacetic)  acid. 
With  HBr  it  yields  phenylbromacetic  acid,  C^Hj.CHBr.COjH,  and  with  HCl 
the  corresponding  chlorinated  acid. 
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Aolds,  GsIIioOa. 

1.  OxTMESiTYLJSNic  AciD,  CjIIjCCHj).^^^^  „ ,  formed  by  heating  mesi- 

tylenesulphonic  acid  with  potash  to  240Q-253O  C.  (404O-482O  F.),  crys- 
tallizes from  alcohol  in  silky  needles,  melts  at  17GO  C.  (348.SO  F.),  and 
sublimes  in  long  flat  needles.  Its  solutions  and  those  of  its  salts  are 
colored  dark  blue  by  ferric  chloride. 

2.  Hydrocoumaric  or  Mklilotic  Acid,  C^n4<Q{jj  ^jj  m  H  ^^  '  2),  oc- 
curs in  the  yellow  mellilot,  and  is  formed  by  the  action  of  sodium  on  cou- 
marin  (p.  914)  and  coumaric  acid  :  CjIIgO^  (coumarin)  -|-  ^UO  -}-  H,  s=s 
CbHioOj.  It  crystallizes  in  long  needles  melting  at  82©  G.  (179-6°  t'O- 
Its  solution  is  colored  bluish  by  ferric  chloride.  By  distillation  it  is  con- 
verted into  the  anhydride,  C^HgOa  =  CjH^<^,  \  prv ,  which  melts  at  250 

C.  (77*^  F.).  By  fusion  with  potash,  melilotic  acid  is  resolved  into  acetic 
and  salicylic  acid,  and  is  therefore  an  ortho-diderivative  of  benzene. 

3.  HYDROFARACoiruARic  AciD,  CgH^^^^pxr   ^tt  r*Q  tt  (1:4),  is  produced 

by  the  action  of  sodium -amalgam  on  paracoumaric  acid,  and  of  nitrous 
acid  on  para-amidocinnamic  acid.  It  forms  small  monoclinio  crystals, 
easily  soluble  in  water,  alcohol,  and  ether  ;  melting  at  1250  C.  (25 7^  F.). 
By  fusion  with  potash  it  yields  para-oxybenzoic  acid. 

OH 

4.  Phloretic  Acid,  QHi'^curCH  "iCCO  IH  ^^  '  ^^'  ^®  formed,  together 

with  phloroglucin,  by  heating  phloretin  with  potash-lye  : 

Cj^HiA    +     H,0     =    C,TIio^3    +     CeHgOj; 

also  by  the  action  of  sodium  and  CO,  on  j)hlorol,  CgHjOH  (p.  871).  It 
crystallizes  in  long  prisms,  easily  soluble  in  hot  water,  melting  at  1290C. 
(264.2P  P.).  Ferric  chloride  colors  its  solution  green.  By  he<ating  with 
baryta  it  is  resolved  into  CO,  and  phlorol ;  by  fusion  with  i>otash  into 
acetic  and  paroxybenzoic  acids.  Methylphloretic  acid  is  converted  by  oxida- 
tion into  anisic  acid. 

<r»tT  cyo 
CCi\\      »  F^enyl-hydracrylic  acid,  formed  from 

atropine  by  boiling  with  hydrochloric  acid  or  with  baryta-water,  crystal- 
lizes in  slender  prisms  melting  at  117^  C.  (242.60  p.).  By  long  boiling 
with  baryta  it  is  converted  into  atropic  and  isatropic  acids  (p.  533),  which 
by  oxidation  yield  benzoic  acid,  '^^opic  acid  is  therefore  a  monoderivative 
of  benzene. 

6.  Phentl-lactic  Acid,  Cfi^,CR^,Q;'R<C^  ^  ,  Phenyl-chlorolactic  acid, 

CeHs.CHCl.CII(OH)(CO,n),  formed  by  addition  of  GIOII  to  cinnamio  acid, 
CgHj.CH — CH.COjH,  and  phenyl-bromolactic  acid,  formed  by  boiling  cin- 
namio dibromide,  CgUg.CHBr.CHBr.COjH,  with  water  (p.  907),  are  both 
converted  by  sodium  amalgam  into  phenyl-lactic  acid.  This  acid  crystal- 
lizes in  concentric  groups  of  needles,  very  soluble  in  hot  water,  melting  at 
940  C.  (201.20  P.).  At  180O  C.  (3560  p.)  it  decomposes  into  water  and 
cinnamio  acid.     When  quickly  heated  it  yields  cinnamene  : 

C,H5.CH,.CH(0H)(C0,H)  =  CO,  +  H,0  +  CeHj.CHirCH, . 

Heated  with  concentrated  haloid  acids  it  exchanges  its  hydroxyl-group 
for  halogen  elements,  yielding  substituted  phenyl -propionic  acids,  c.  o., 
CJL.CH,.CnBr.rO„H  (p.  905). 
77 
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Tyrosine,  C9H11NO,,  probably  C«H^<^  jj  ^j^g  ^  ^.q  jj  ArooxjpAcnjfl- 

amidopropionic  or  Amido-hydroparacoumaric  acid,  is  a  compound  nearly  re- 
lated to  plilorotic  or  hydroparacoumario  acid.  It  is  produced,  together 
with  leucine,  aspartic  acid,  and  glutamic  acid  by  boiling  various  animal 
substances,  as  albuminoids,  horn,  hair,  etc.,  with  hydrochloric  or  sul- 
phuric acid,  or  by  fusing  them  with  potash.  It  sometimes  occurs  ready- 
formed  in  the  liver,  spleen,  and  pancreas  ;  also  in  old  cheese  (Tvp»c)>  it 
is  best  prepared  by  boiling  horn-shavings  with  2  parts  of  sulphuric  acid 
diluted  with  4  parts  of  water  for  about  20  hours,  renewing  the  water  as  it 
evaporates.  The  solution  is  then  saturated  with  milk  of  lime,  and  the 
tyrosine  is  precipitated  from  the  concentrated  filtrate  by  acetic  acid. 

Tyrosine  is  insoluble  in  ether,  slightly  soluble  in  cold  water  and  in  alco- 
hol, dissolves  in  150  parts  of  hot  water,  and  crystallizes  therefrom  in  slen- 
der needles.  It  dissolves  easily  in  hydrochloric  acid,  forming  the  salt 
CjHuNOg.HCl,  which  crystallizes  in  needles.  The  aqueous  solution  of 
tyrosine  boiled  with  mercuric  nitrate  yields  a  yellowish  precipitate,  which, 
when  boiled  with  dilute  yellow  nitric  acid,  becomes  dark  red  ;  this  is  a 
very  delicate  test  for  tyrosine.  With  chlorine  and  bromine  tyroeino  yields 
chlor-  and  bromanil,  GeCl^O,  and  C8Br40j ;  with  nitric  acid  it  yields  sub- 
stitution-products. Sulphuric  acid  dissolves  it,  forming  sulpha-acids 
whose  salts  are  colored  violet  by  ferric  chloride. 

Tyrosine  fused  with  potash  is  resolved  into  acetic  acid,  ammonia,  and 
para-oxy benzoic  acid.  Heated  to  140O  C.  (2840  F.)  with  hydriodic  acid, 
it  yields  phlorol  (p.  871),  together  with  CO,  and  I^Hj : 

^e^*<C,H3(NH,)C0aH  +  ^^^  =  ^fiH4<5^H,  +  ^^«  +  NH,  -f  I,. 

These  reactions  show  that  tyrosine  is  a  para-derivative  of  benzene,  con- 
taining the  NUj-group  in  the  lateral  chain. 

Ac  Ids,  CjiHi^Oj. — ^Two  isomeric  acids,  thymotic  and  carva- 
erotic,  are  formed  by  the  action  of  sodium  and  CO,  on  thymol  and  carva- 
orol  (p.  871): 

CeHgCOHX^-^'    -f     CO,    =    C,H,(OH)(CO,H)<^»fT  . 

Tliymotic  acid  forms  long  needles,  very  slightly  soluble  in  cold  water ; 
melts  at  120^  C.  (2480  F.),  and  sublimes.  Carvacrotic  acid  sublimes  in 
flat  needles,  melting  at  1340  C.  (273.70  F.).  Both  are  colored  a  fine  blue 
by  ferric  chloride. 

Phenylpropyl-glyoollic    *cid,  CeH4<;]^|jX^jj.  ^^  ^  ,    formed 

by  the  action  of  hydrochloric  and  hydrocyanic  acids  on  cnminol,  crystal- 
lizes in  small  needles,  moderately  soluble  in  cold  water,  very  soluble  in 
alcohol  and  ether,  melting  at  158©  C.  (316.4P  F.). 


(2)  TJnsaturatrd  Acids,  C^Hj^^i^O,. 
Conmario  and  Faraooomaric  Acida,  CgHgOsss 

^6^4^011         '      '       '  *^®  ^^^^  known  acids  of  this  series,  have  the 
composition  of  oxycinnamic  or  oxyphenyl-acrylic  acid. 

Paracon marie  acid  (1:4),  produced  by  boiling  an  aqueous  soln- 
tion  of  aloes  with  sulphuric  acid,  crystallizes  in  colorless,  shining,  brittle 
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needles,  easily  soluble  in  hot  water  and  in  alcohol,  melting  at  iTOOuisooc. 
(3380-35GO  F.).  By  nascent  hydrogen  it  is  converted  into  hydroparacou- 
maric  acid  ;  by  fusion  with  potash,  into  paroxybenzoic  acid. 

Coumaric  acid  (1:2)  occurs,  together  with  melilotio  acid  (p.  930) 
in  the  yellow  melilot,  and  in  Faham  leaves,  and  is  most  easily  prepared 
from  coumarin,  its  anhydride,  by  boiling  with  potash.     It  crystallizes  in 

""?  '^a??.^o  '!i;oi?.?,"^"'*A,'''^^^^  **''^''^**'  "^  ^""^  ^at^'"  and  alcohol,  melting 
at  1950  C.  (3830  F.).  The  solutions  of  its  alkali-salts  exhibit  a  bright 
green  fluoresonco.  By  nascent  hydrogen  it  is  converted  into  melilotic  acid  • 
by  fusion  with  potash  into  salicylic  and  acetic  acids. 

Coumarin,    CjH^Oj,    or    Coumaric    anhydride, 

^6W4<CcH-CH.CO  »  ^  *^®  odoriferous  principle  of  the  Tonka  bean 
(Diptert/x  odorata),  and  of  several  other  plants,  as  Melilotus  officinalis,  Aspe- 
rula  odoratay  and  AntJtoxantkum  odoraium.  It  may  be  extracted  from  these 
plants  by  alcohol,  and  crystallizes  in  slender,  shining,  colorless  needles, 
mtating  at  67^  C.  (152.GO  F.),  boiling  between  29(;0  C.  (5540  F.)  and  291°, 
and  distilling  without  decomposition  at  a  higher  temperature.  It  has  a 
fragrant  odor  and  burning  taste ;  is  very  slightly  soluble  in  cold  water, 
more  soluble  in  hot  water  and  in  alcohol.  It  dissolves  in  potash-lye,  and  is 
converted  by  long  boiling  therewith  into  coumaric  acid.  Sodium-amalgam 
converts  it  into  melilotic  acid. 

Coumarin  is  formed  artificially  by  dehydration  of  acetosalicylal  (isomeric 
with  coumaric  acid)  in  the  manner  already  described  (action  of  acetic 
anhydride  on  sodium-salicylal,  p.  890): 

C,H6(C2H30)0,  —  H,0     =     CjHeO,  . 

By  acting  on  sodium-salicylal  in  .like  manner  with  butyric  and  valeric 
anhydrides,  homglogues  of  coumarin  are  obtained,  viz.,  butyric  cou- 
marin, C,iII,o02,  and  valeric  coumarin,  C,jH„0,.  Both  crystal- 
lize in  prisms,  the  former  melting  at  71°  C.  (159.80  F.),  and  boiling  at 
297^  C.  (566.60  F,);  the  latter  melting  at  640  C.  (129.20  F.),  and  distil- 
ling with  partial  decomposition  at  300O  C.  (6720  F.). 


H0270BA8IC    AND   TRIATOMIC   ACIDS DIOXTACIDS. 

(1)  Diozybensolo   Acids,  C^HeO^   =  C^H, K^^« ,— Of  six 

possible  isomerides  included  in  this  formula,  four  are  known,  but  the  ori- 
entation of  their  lateral  chains  is  not  yet  completely  established.* 

Two  dioxybenzoic  acids  are  obtained  by  fusing  the  two  disulphobenzoic 
acids  (p.  903)  with  potassium  hydroxide.  One  of  these  dioxy-acids  forms 
crystals  containing  IJH^O,  melts  with  decomposition  at  about  220©  C. 
(4280  p.),  and  is  not  colored  by  ferric  chloride.  The  other,  prepared  also 
from  toluenedisulphonic  acid,  forms  hydrated  crystals  melting  at  1940  C. 
(381. 20  P.),  and  is  colored  dark-red  by  ferric  chloride. 

OzysaUoyllc  Add.  C„H,(0H)j.C02H  (probably  1:2:3,  CO^H  in  1) 
is  formed  hv  Iwiling  a  solution  of  iodosalicylio  acid,  C^HrJOg,  with  potash. 
It  crystallizes  in  shining  needles,  soluble  in  water,  alcohol,  and  ether. 
Tlie  aqueous  solution,  mixed  with  ferric  chloride,  acquires  a  deep-blue 

*  See  Watta's  Dictionary  of  Chonoistry,  2d  Supplement,  p.  432. 
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color,  changing  to  red  and  then  brown  on  addition  of  ammonia  or  sodinm 
carbonate.  Tho  crystallized  acid  melts  at  19GO-1970  C.  (3J>4.8O-38(>.l»0 
F.),  and  is  resolved  at  a  higher  temperature  into  CO,  and  hydroqniuone 
(together  with  pyrocatechin).     The  oxy-salicylates  are  very  unstable. 

Protooatechtiio  Acid,  CeHs(0H)2.C0jH  (probably  1:3:4, CO,n  inl); 
also  called  Carbohi/drofjuinonic  acid. — This  acid  is  produced  by  tho  action  of 
melting  potash  on  its  aldehyde,  and  on  iodoparaoxy benzoic,  bromanisic, 
cresolsul phonic,  and  eugenic  acids,  catechin,  and  many  other  tri-deriva- 
tives  of  benzene  ;  also  on  numerous  resins,  as  benzoin,  myrrh,  dragon's 
blood,  assafwtida,  etc.,  its  formation  from  these  resins  being  usually  accom- 
panied by  that  of  paraoxybenzoic  acid.  It  is  also  formed  by  the  action  of 
bromine  on  aqueous  quinic  acid,  and  by  fusing  that  acid  with  potash.  It 
is  most  easily  prepared  by  adding  I  part  of  East  Indian  kino  to  3  parts  of 
fused  sodium  hydroxide,  dissolving  the  melt  in  water,  acidulating,  and 
agitating  with  ether. 

Protocatechuio  acid  crystallizes  from  water  in  shining  needles  or  lamins 
containing  1  mol.  H^O.  It  dissolves  easily  in  hot  water,  in  alcohol,  and 
in  ether,  and  in  40-50  parts  of  cold  water ;  molts  at  1990  C.  (390.20  F.), 
and  decomposes  at  a  higher  temperature  into  CO,  and  pyrocatechin 
(together  with  hydroquinone).  Ferric  chloride  colors  the  solution  green, 
changing,  on  addition  of  very  dilute  sodium  carl)onate,  to  blue,  and 
afterwards  to  red.  It  reduces  silver  nitrate,  but  not  an  alkaline  cupric 
solution. 

Methyl-protocatechuic  or  Vanillic  acid^  CjjIIgO^  s=s  0^1X3(011) 
(OCH3).C02H,  is  formed  by  oxidation  of  vanillin  (p.  891),  when  that  suIk 
stance,  in  the  moist  state,  is  left  exposed  to  tho  air,  and  by  oxidation  of 
coniferin,  CjglljaOg  (see  Glucosides),  with  potassium  permanganate.  It 
crystallizes  in  shining  white  needles,  melting  at  211^^2120  (j.  (411.8^:^- 
413. 60  F.);  sublimable ;  sparingly  soluble  in  cold  water,  cr.3ily  in  hot 
water  an(l  in  alcohol  ;  docomposcni  by  hydrochloric  acid  at  150^^16110  C. 
(302O-32()O  F.)  into  methyl  chloride  and  protocatechuic  acid.  Its  calcium- 
salt  distilled  with  lime  yields  pure  guaiacol  (p.  872). 

An  isomeric  mothyl-protocatechuio  acid  is  formed  by  heating  protoca- 
techuic acid  with  potassium  hydroxide  and  methyl  iodide,  also  by  heat- 
ing hemipinic  acid  with  strong  hydrochloric  acid  at  10(»o.  It  crystallizes 
in  slender  needles,  less  soluble  than  the  preceding,  and  melting  at  2510 
C.  (483.  hO  F.). 

Dimet  III/ 1 -protocatechuic  or  Vera  trie  acid^  ^9^10^4  ^^  ^e^s 
(0Cll3)j.('0._,ll,  is  contained  in  sabadilla  seeds  (from  Veratittm  ^ibadil/a), 
and  is  formetl  by  heating  protocatechuic  or  methyl-protocatechuic  acid 
with  KlIO,  methyl  iodide  and  methyl  alcohol  to  141.0  C.  (2840  F.),  and 
boiling  the  product  with  soda-lye  ;  also  by  oxidation  of  dimethyl-proto- 
catechuic  aldehyde  (p.  891),  methyl-cresol  (p.  800),  and  methyl-eugenol 
(p.  88(>),  with  permanganate.  Colorless  needles  melting  at  179. 50  C. 
(355.10  F.);  slightly  soluble  in  cold  water,  more  easily  in  hot  water,  still 
more  in  alcohol.  HeattKi  to  14CO-15GO  C.  (2840-3(iiO  F.)  with  dilute 
hydrochloric  acid,  it  yields  a  mixture  of  two  monomethyl-protocatechuic 
acids.  Heated  with  lime  or  baryta,  it  is  resolved  into  CO,  and  dimethyl- 
pyrocatechin. 

In  like  manner  are  obtained  :  Diethyl -protocatechuic  acid  (needles,  m.  p. 
149^  C.  [300.:lO  F.]),  and  Etht/l -methyl -jtrotocatechuic  or  Ethyl-ranillic  acid 
(needles  slightly  soluble  in  hot' water  ;  m.  p.  190O  C.  [3740  F.]), 

Methene-protncatcchuic    or    Piperonylic   acid,    C^H^O^   = 

^^^2'^Ca^^o^^^ — CO,II  ,  is  formed  by  oxidation  of  its  aldehyde  pipcronal, 
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CgllgOg  (p.  891),  with  permanganate,  and  by  heating  protocatechuic 
acid  with  KOH  and  CHjI.^.— Colorlesa  needles,  m.  p.  2280  C.  (4420  F.), 
Bublimable  without  decomposition,  insoluble  in  cold  water,  slightly  soluble 
in  lK)iling  water  and  cold  alcohol,  easily  in  hot  alcohol.  Decomposed  by 
heating  to  17CO  C.  (3380  F.)  with  dilute  hydrochloric  acid  into  protocT.U  - 
chuio  acid  and  free  carb(m  ;  by  heating  with  water  to  200O-211O  C.  (3920- 
410^  F.),  into  pyrocatechin,  CO,,  and  carlwn. 

Ethene-protocateckuic  acid,  CgHgO^,  obtained  by  heating  protocatechuic  acid 
with  KOH,  CJI^Br^,  and  a  little  water  to  lOOO,  forms  shining  prisms  melt- 
ing at  133.50  C.  (272.30  F.). 


A  c  1  d  8 ,  C.HjO^  =  C.HsCCH,)  |  [^^^^  . 


Orsellinic  Acid  is  formed  by  boiling  orseliic  or  Iccanoric  acid  with 
lime-water :  C,gIInO^  4*  HjO  =  2CgHy04 ;  also  by  boiling  its  erythritic  ether 
(erythrin  or  erythric  acid)  with  water  or  baryta-water  : 

r,^H.^O,o    +     H,0    =    CgHO,    +     C,,H,„0,; 
Erythrin.  Orsellinio         Picroerythrin. 

add. 

Orsellinic  acid  crystallizes  in  prisms  easily  soluble  in  water,  colored 
violet  by  ferric  chloride.  It  melts  at  1760  C.  (348.80  F.),  decomposing  at 
the  same  time  into  COj  and  orcin,  C^HgOj  (p.  870). 

Ethyl  Orsellinate,  C^n^iCT[^)(OW)^,CO^.C.fl.f^,  is  obtained  by  boiling 
orsellinic  acid,  or  Roccella  tinctoria,  with  alcohol.  It  crystallize  in  lustrous 
plates  easily  soluble  in  boiling  water,  alcohol,  and  ether. 

Erythritic  Orsellinnte,  Erythrin  or  Erythric  acid,  (^^^fixo^^ 
2CgHgO^-}-  C4H1QO4  (crythrito) — 2II2O,  is  contained  in  Roccefla  Jusi/ormis, 
and  extracted  by  boiling  with  milk  of  lime.  It  forms  crystals  containing 
I  H3O,  slightly  soluble  in  hot  wat«r,  colored  red  by  ammonia  in  contact  with 
air,  and  is  resolved  by  boiling  with  baryta-water  into  orsellinic  acid  and 
picroerythrin  (see  above). 

Picroerythrin,  Cj^HnOy,  forms  crystals  containing  1  mol.  HjO, 
soluble  in  alcohol  and  ether,  and  is  resolved  by  further  boiling  with  baryta- 
water  into  erythrite,  orcin,  and  carbon  dioxide  : 

CiJIiA    +     n«0    =    C.HjoO,    +    C,H,0,    +     CO,. 

Orseliic,  Lecanoric ,  or  Diorsellinic  acid,  C^^B.yfij^=2CfiUfi^ — 
HjO,  occurs  in  several  lichens  belonging  to  the  genera  Roccella,  Lecanora, 
and  Variolaria,  and  is  extracted  by  digestion  with  ether  or  with  milk  of 
lime,  and  precipitation  by  hydrochloric  acid.  It  crystallizes  from  alcohol 
or  ether  in  colorless  prisms  containing  CuHj^  -\-  H^O,  nearly  insoluble 
in  water.  By  boiling  with  lime  or  baryta-water  it  is  converted,  first  into 
orsellinio  acid,  afterwards  into  CO,  and  orcin.  Its  alcoholic  solution  yields, 
on  boiling,  crystalline  ethyl  orsellinate. 

The  three  compounds  last  described  may  be  represented  by  the  following 
structural  formulie : 

/OH  .v«.r.x,  .04H.(0H), 


o(OH3)(OH)(COiH) 


0<  >6ir        n<CoH,(OHa).C02H  0< 

^X^oH2(OH3)<J<S;,H     0<o^H„(t3a3)(OH)(C02H)         ^^H, 

OrsplUc  or  "*  Erythrin.  Picroerythrin. 

Diorsellinio  acid. 

According  to  Stenhouse,*  the  South  African  variety  of  Roccella  tinctoria 
contains  an  acid,  Cg^HjgOjs,  called  tf-orsellic  acid,  closely  resembling  orseliic 

»  Phil.  Trani.  1818,  69  ;  Ijiebig's  Annalen,  ixrlii.  69. 


//* 


918  MONOBASIC    TBIATOMIC    ACIDS. 

acid  in  properties  and  composition,  and  yielding  orsellinic  acid  when  boiled 
with  baryta-water,  togetlier  with  roccellinin,  CjglljgO^,  a  substance 
forming  hair-like  crystals  of  a  silvery  lustre:  CjuHjjOi^  =  2C\H^C\  -|- 
CjglligO,.  lloccellinin  is  not  attacked  by  boiling  with  potash  or  baryta.  It 
dissolves  in  ammonia  and  tlie  lixed  alkalies,  forming  solutions  which  are 
not  colored  by  exposure  to  the  air. 


The  following  acids  of  unknown  structure  are  also  obtained  from  lichens : 
Vulpic  acid,  CigHj^Og,  occurs  in  Cetraria  irulpinay  from  which  it  may 
be  extracted  by  chloroform  or  lime-water.  It  forms  large  yellow  prisms, 
slightly  soluble  in  water  and  in  ether,  melts  at  IICO  C.  (23(0  p.),  sublimes 
without  decomposition,  and  is  resolved  by  boiling  with  baryta-water  into 
alphatoluiu  acid,  methyl  alcohol,  and  oxalic  acid. 

Usnic  acid,  C,8U,8(\,  from  lichens  of  the  genera  Usnea  and  Evemta, 
crystallizes  in  shining  yellow  laminae,  insoluble  in  water,  slightly  soluble 
in  alcohol  and  ether,  melting  at  1950-1970  C.  (38oO-4]8(j.tO  F.).  Its  al- 
kali-salts, when  exposed  to  the  air,  turn  red  and  afterwards  black.  A 
modification,  called  Beta-usnic  acid,  from  Cladonia  rangiferinaj  melts 
at  1750  C.  (3470  F.),  and  yields  by  distillation  beta-orcin  (p.  877). 

Cetraric  acid,  C,gH,gOg,  andLichenic  acid,  Ci4H„0j,  from  Ice- 
land moss  {Cetraria  Ulandica)^  are  crystalline,  and  easily  soluble  in  alcohol 
and  ether. 


AcidB,  C8Hio04  =  C8H,(OH)2.C02H: 

Everninic  Acid  is  obtained  from  evornic  acid,  Ci|Hi,0,  (a  constituent 
of  Evernia  Prunastri),  by  boiling  with  baryta: 

CnHioO^     +     H,0     =     GgHiA    +     CgHsO,. 

It  crystallizes  from  hot  water  in  needles,  melts  at  157^  C.  (314.GO  P.),  and 
is  colored  violet  by  ferric  chloride. 

Umbellic  Aoid  is  formed  by  the  action  of  sodium-amalgam  on  umbel- 
liferone:  CgllgOa  +  H,0 -f  H^  =  C9H,o04.  It  crystallizes  in  colorless 
needles,  melting  at  1250  c.  (257^  F.),  slightly  soluble  in  water,  easily  in 
alcohol  and  ether.  With  ferric  chloride  it  produces  a  green  color,  turning 
red  on  addition  of  sodium  carbonate.    Fused  with  potash  it  yields  resorcin. 

Umbelliferone,  CH^i  a  compound  analogous  to  coumarin  (p. 
914),  occurs  in  the  bark  of  Daphne  Mezeretm,  and  is  produced  by  distilla- 
tion of  galbanum,  assafcptida,  and  other  resins  of  umbelliferous  plants. 
It  crystallizes  from  hot  water  in  rhombic  prisms,  slightly  soluble  m  cold 
water,  easilv  in  hot  water  and  in  alc<ohol  ;  its  aqueous  solution  appears 
blue  bv  reflected  li-ht.  It  melts  at  24ro  C.  (464©  F.),  and  sublimes  with- 
out  decomposition  ;  vields  resorcin  by  fusion  with  potash,  and  is  converted 
bv  sodium-amalgam  into  umbellic  aoid,  just  as  coumarm  is  converted  into 
hydrocoumaric  acid. 

Hydrocaffelc  Add,  CaH/OH),— CHj— CH,— CO.;H,  formed  by  the 
action  of  sodium-amalgam  on  caflFeic  acid,  fonns  crystals  easily  soluble  in 
water,  and  is  colored  dark-green  by  ferric  chloride. 
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The  following  unsaturated  acids  belong  to  the  triatomic  and  monobasic 
division. 

Caffeic  Acid,  CgH^O^  =  CeHaCOH).^— CH— CH— COjH,  formed  by  boil- 
ing caffetannic  aeid  (p.  921)  with  potiwli,  crystallizes  in  yellowish  prisms, 
very  soluble  in  hot  water  and  alcohol.  The  aqueous  solution  reduces 
silver  nitrate  when  heated.  Ferric  chloride  colors  it  green,  changing  to 
dark  red  on  addition  of  sodium  carbonate.  By  fusion  with  potash  caffeic 
acid  is  resolved  into  protocatechuic  and  acetic  acids.  By  dry  distillation 
it  yields  pyrocatechiu.    Sodium-amalgam  converts  it  into  hydrocaffeic  acid. 

Ferulic  Acid,  CjqHkjO^ss  CgnaCOH)^ — 03X14 — CO,H,  occurs  in  assafoDtida, 
and  may  be  separated  from  the  alcoholic  extract  of  that  substance  by  pre- 
cipitating with  lead  acetate,  and  decomposing  the  precipitate  with  sul- 
phuric acid.  It  dissolves  easily  in  hot  water  and  alcohol,  and  crystallizes 
in  four-sided  needles.  Its  aqueous  solution  is  colored  yellow-brown  by 
f(»rric  chloride.  By  fusion  with  potash  it  is  resolved  into  protocatechuic 
and  acetic  acids. 

Fiperic  Acid, 

C12H10O4  =  H,C<;^C8Hj.CH—CH.CH=CH.C0,n  . 

The  potassium  salt  of  this  acid  is  obtained  by  boiling  piperine  (7.  r.)  with 
alcoholic  potash,  and  separates  in  shining  prisms.  The  free  acid  crystal- 
lizes in  slender  needles  melting  at  2160-2170  C.  (420.80-422. GO  F.).  It 
forms  sparingly  soluble  salts  containing  1  tMjuivalent  of  base.  It  unites 
with  4  atoms  of  bromine,  and  is  resolved  by  fusion  with  potash  into  acetic, 
oxalic,  and  protocatechuic  acids.  By  oxidation  with  permanganate  solu- 
tion it  yields  piperonal  (p.  891). 

Eugetio    Acid,    C„Hi,0,    =    CeH,(OH)(OCH3)<^22^^jj_^^j   ,  is 

formed  by  the  action  of  sodium  and  carbon  dioxide  on  eugenol,  CjqHj^O.^ 
(p.  885).  It  crystallizes  in  thin  prisms,  slightly  soluble  in  water,  melts 
at  1240  C.  (25.5.2-^  F.),  and  is  resolved  at  a  higher  temperature  into  COj 
and  eugenol.     Ferric  chloride  colors  its  solution  dark  brown. 
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Gallic  Acid.  CjUfi^  =  C^U^(On)s.CO.Jl—THoxi/beTizo{c  acid,  Dioxy- 
mlicylic  acid. — ^This  acid  occurs  in  nut-galls  (excrescences  formed  on  the 
leaves  and  leaf-stalks  of  the  dyer's  oak  {Quercus  infectoria) ^  also  in  sumach, 
hellebore  root,  divi-divi  (the  fruit  of  Cisalpina  coriaria),  in  tea,  in  pome- 
granate root,  and  in  many  other  plants.  It  is  produced  artilicially  by 
heating  di-iodosalicylic  acid  to  140Q-150O  0.  (284O-302O  F.),  with  excess 
of  an  alkaline  carlranate ;  and  from  bromodioxy benzoic  acid  and  bromo- 
protooatechuic  acid  (p.  916)  by  fusion  with  potash  :  hence  its  structure  is 
either  1:2:3:4  or  1:2:4:5  (00,H  in  1).  It  is  most  conveniently 
prepared  by  boiling  gallotannio  acid  with  acids  or  alkalies  :  Ci.H.nOo  4- 
H,0  =  2(  W),. 

Gallic  acid  crystallizes,  with  1  mol.  HjO,  in  slender  prisms  having  a 
silky  lustre  ;  dissolves  in  100  parts  of  cold  and  3  parts  of  boiling  water, 
easily  in  alcohol  ;  melts  at  alwut  200O,  and  splits  up  at  210O-220O  Q, 
(410O-428O  F.)  into  CO,  and  pyrogallol,  C8Hj,(OH)3.  The  aqueous  solu- 
tion reduces  the  metals  from  solutions  of  gold  and  silver  salts  (hence  its 
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use  in  photography),  and  forms  a  blue-black  precipitate  with  ferric  chlo- 
ride. 

G^allic  acid,  though  monobasic,  contains  3  atoms  of  phenolic  hydrogen, 
and  can  therefore  form  totrametallic  salts.  The  gallates  of  the  alkali- 
metals  are  permanent  in  the  dry  state  and  in  acid  solution,  but  in  alkaline 
solution  they  quickly  absorb  oxygen  and  turn  brown. 

Ethyl  gallate^  ('5H^(OH)g.C02C2H5,  crystallizes  from  water  in  rliombic 
prisms  containing  2J  mol.  HjO.  Triaceiyl-gallic  acid^  CgH,(OC,H,0)j.C()jH, 
formed  by  heating  gallic  acid  with  acetyl  chloride  or  acetic  anhydride, 
crystallizes  from  alcohol  in  needles.  With  bromine  gallic  acid  forms 
CylljBrOj  and  C^H^Hr^Og,  both  of  which  are  crystalline. 

Gallic  acid,  heated  with  4  parts  of  sulphuric  acid  to  140O,  is  converted 
into  rufigallio  acid,  Cj^HgOg,  a  derivative  of  anthracence. 

Ellagic  acid,  Cj^HgO,,  probably  also  an  anthracene  derivative,  is 
formed  by  the  action  of  oxidizing  agents — as  arsenic  acid,  silver  oxide, 
iodine  and  water— on  gallic  acid  ;  also  from  tannic  acid  when  its  concen- 
trated aqueous  solution  is  left  for  a  considerable  time  in  contact  with  the 
air,  the  ellagic  acid  then  separating,  together  with  gallic  acid.  It  is  a 
constituent  of  bczoar  stones  (intestinal  concretions  of  a  Persian  species  of 
goat),  from  which  it  may  be  obtained  by  boiling  with  potash  and  precipi- 
tating with  hydrochloric  acid.  It  separates,  with  1  mol.  IIjO,  as  a  crys- 
talline powder,  insoluble  in  water,  and  having  an  acid  reaction.  Its  sodium 
salt  is  formed  by  boiling  ethyl  gallate  with  sodium  carbonate. 


Tannic  Acids  or    Tannins, 

Those  substances  constitute  the  astringent  principles  of  plants,  and  are 
very  widely  diffused  in  the  vegetable  kingdom.  Most  of  them  are  gluco- 
sides  of  gallic  acid,  being  resolved  by  boiling  with  dilute  acids  into  gallic 
acid  and  glucose ;  others,  instead  of  glucose,  yield  phloroglucin,  CgHjCOH,), 
(p.  878).  Gallotannic  acid,  on  the  other  hand,  when  quite  pare,  is  not  a 
glucoside,  but  consists  ofdigallic  acid.  By  fusion  with  potash  most 
tannic  acids  are  resolved  into  protocatechuic  acid  and  phloroglucin. 

Most  tannic  acids  give  bluish-black  precipitates  with  ferric  salts  (inks): 
some,  however,  as  kino  and  catechu,  and  the  tannins  of  sumach  and  of 
the  tea-plant,  give  greenish  precipitates.  The  tannic  acids  precipitate  a 
solution  of  gelatin,  and  unite  with  animal  membranes  :  hence  their  use  in 
the  manufacture  of  leather.  They  are  precipitated  Ixom  their  solutions  by 
neutral  acetate  of  lead. 

Oallotannic  Acid.  Dlgallio  Acid  or  Tannin,  Ci^H^oO^  =  CeH,(OH)^ 
CO — O — CC) — CgH2(()li)3»  "wurs  in  l|irge  quantity  in  nut-galls,  especi- 
ally in  the  Chinese  variety,  also  in  sumach  (the  twigs  of  lihus  Coriaria),  in 
tea,  and  many  other  plants.  It  may  be  formed  from  gallic  acid  by  heating 
with  POCI5  to  1200  C.  (2480  F.),  and  by  oxidation  with  silver  nitrate  or 
dilute  arsenic  acid.  It  is  most  readily  prepared  by  exhausting  finely  pul- 
verized nut-galls  with  a  mixture  of  alcohol  and  ether  in  a  percolator  (fig. 
177),  having  its  neck  plugged  with  cotton- wool,  and  its  mouth  loosely 
stopped  with  a  cork.  The  liquid,  which  after  some  time  collects  in  the  re- 
ceiver below,  consists  of  two  distinct  strata :  the  lower,  which  is  almost 
colorless,  is  a  very  strong  solution  of  almost  pure  tannic  acid  in  water ; 
the  upper  consists  of  ether,  holding  in  solution  gallic  acid,  coloring  mat- 
ter, and  other  impurities.  The  carefully  separated  heavy  liquid  is  left  to 
evaporate  in  an  exsiccator.  Gallotannic  acid,  or  lannin^  thus  obtained, 
forms  a  slightly  yellowish,  friable,  porous  mass,  without  the  slightest 
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tendency  to  crystallization.     It  is  very  soluble  in  water,  less       Fig- 177. 
so  in  alcohol,  and  very  slightly  soluble  in  ether.     It  reddens 
litmus,  and  has  a  pure  astringent  taste  without  bitterness. 

A  strong  solution  of  gallotannic  acid  mixed  with  mineral 
acids  gives  precipitates  consisting  of  combinations  of  the  tan- 
nic acid  with  the  mineral  acids  ;  these  compounds  are  freely 
soluble  in  pure  water,  but  nearly  insoluble  in  acid  liquids. 
Gallotannic  acid  precipitates  albumin,  gelatin,  salts  of  the 
vegeto-alkalies,  and  several  other  substances  :  it  forms  solu- 
ble compounds  with  the  alkalies,  which,  if  excess  of  base  is 
present,  rapidly  attract  oxygen,  and  become  brown  by  destruc- 
tion of  the  acid  ;  the  gallotannates  of  barium,  strontium,  and 
calcium  are  sparingly  soluble  ;  those  of  lead  and  antimony  aro 
insoluble.  Ferrous  salts  are  unchanged  by  solution  of  gallo- 
tannic acid  ;  ferric  salts,  on  the  contrary,  give  with  it  a  deep 
bluish- black  precipitate,  which  is  the  basis  of  writing-ink  : 
hence  the  value  of  an  infusion  of  tincture  of  nut-galls  as  a 
test  for  the  presence  of  iron. 

Uallotannio  acid  decomposes  at  250O  C.  (4820  F.),  with 
formation  of  pyrogallol.  By  boiling  with  alkalies  or  dilute 
acids  it  is  converted  into  gallic  acid,  G,4HiqOj  -|-  HjO  = 
2C7Hg05 :  hence  its  constitution  is  determined.  By  boiling 
with  excess  of  acetic  anhydride  it  is  converted  into  pen- 
tacetyl-tannic  acid,  Cifi^(C^llfi)fiQ,  a  crystalline 
substance,  melting  at  137<^  C.  (278.GO  F.). 

The  following  tannins,  which  are  amorphous  bodies,  more 
or  less  resembling  gallotannic  acid,  have  not  been  obtained. in  the  pure 
state. 

Quercitannic  acid,  from  oak-bark,  is  a  yellow-brown  amorphous  mass,  the 
aqueous  solution  of  which  is  colored  deep  blue  by  ferric  chloride.  Cinchona- 
tannic  acid,  occurring  in  cinchona  barks,  partly  in  combination  with  alka- 
loids, gives  a  green  color  with  ferric  salts.  Hatanhia-tannic  acid  occurs  in 
rhatany-root ;  Jilitannic  acid  in  fern-roots  ;  torment il-tannic  acid  in  tormentil- 
root.  These  five  tannins,  when  boiled  with  dilute  acids,  yield  red  amor- 
phous bodies  (oak-red,  cinchona-red,  etc.),  which  partly  also  occur  ready- 
formed  in  the  rt3spective  pLints,  and  are  resolved  by  fusion  with  potash 
into  protocatechnic  acid  and  phloroglucin.  The  formation  of  these  red 
compounds  appears  to  be  accompanied  by  that  of  sugar. 

Caiechu-tannic  acid  occurs  in  catechu,  an  extract  prepared  from  several 
East  Indian  plants,  viz.,  Areca  Catechu,  Acacia  (Mimosa)  Catechu,  and  Art u- 
ciea  Gambir.  Ferric  salts  color  it  dingy  green.  Catechu  also  contains 
catochin  or  catechu  ic  acid,  CjglljgOg,  which  crystallizes  in  needles 
containing  3HjO.  Its  aqueous  solution  is  colored  green  by  ferric  salts. 
Anhydrous  catechin  melts  at  217^  C.  (422.60  F.),  decomposing  at  the  same 
time  into  COj  and  pyrocatechin.  By  fusion  with  potash  it  is  resolved  into 
protocatechuic  acid  and  pliloroglucin  : 

CwHigO,    -f     2H,0    =    C,H,0,     +    2CeHe03    +     2H,. 

Morintannic  acid  or  Afnclurin,  occurring  in  fustic  (the  wood  of  Morus 
tinctoria),  is  a  yellow  crystalline  powder,  easily  soluble  in  hot  water 
and  in  alcohol,  the  solutions  giving  with  ferric  chloride  a  greenish-black 
precipitate.  It  yields  pyrocatechin  when  heated,  phloroglucin  and  proto- 
catechuic acid  when  fused  with  potash. 

Caffetannic  acid,  from  coffee-l)erries,  is  a  gummy,  easily  soluble  mass, 
which  gives  a  green  reaction  with  ferric  chloride,  yields  pyrocatechin  when 
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heated  alone,  oaffeic  acid  (p.  919),  when  heated  with  potash-solution; 
protocatechuic  acid  when  fused  with  potash. 

Qtiinlo  or  Kinio  Acid,  C7Hi,Os=BCeU,(OH)4(CO,H),  is  a  monobasic 
pentatomio  acid,  nearly  related  to  the  aromatic  oxy-aciils.  It  is  found  in 
ciuchona-bark,  and  is  obtained  as  a  bye-product  in  the  preparation  of  qui- 
nine. The  extract,  obtained  by  digesting  the  comminuted  bark  with  water 
or  dilute  sulphuric  acid,  is  mixed  with  milk  of  lime  to  precipitate  tlie 
alkaloid  ;  the  solution  is  filtered  and  evaporated ;  and  the  calcium  quiuate 
which  remains  is  purified  by  crystallization,  and  decomposed  with  oxalic 
acid. 

Quinic  acid  forms  transparent  colorless  monclinic  prisms,  easily  soluble 
in  water,  very  sliglitly  soluble  in  alcohol.  It  melts  at  1620  C.  (323.60  F.). 
and  at  a  higher  temperature  is  resolved  into  hydroquinone,  pycocatec^hiii, 
benzoic  acid,  phenol,  and  other  products.  By  oxidizing  agents  (MnO, 
and  sulphuric  acid)  it  is  converted  into  quiuoue,  together  with  carboiiio 
and  formic  acids.  By  heating  with  hydriodic  acid  it  is  converted  into 
benzoic  acid : 

CaH,(OU)^.CO,H    +     2HI    =    CgHj.COjH    +    4H,0     -f     I,; 

and  by  phosphorus  pentachloride  into  chlorobenzoyl  chloride  : 
CeH^(OH)^.CO,H  +  PCl^  =  CeH^Cl.COCl  +  PO^H,  +  3HC1  +  H,0 . 

By  fusion  with  potash  it  yields  protocatechuic  acid. 

Calcium  quinate^  (S^i^\fiz)J^^  H"  10H,O,  forms  large,  easily  coluble, 
efilorescent  rhombic  prisms. 

tlvlc  Aoid,  CjHgO,,  obtained  by  distillation  of  pyrotartario  acid, 
forms  shining  crystals  melting  at  134^  C.  (273.20  F.)  and  sublimable; 
converted  into  benzoic  acid  by  fusion  with  potash.  Its  calcium-salt, 
(C7H703),Ga  +  6IIjO,  crystallizes  in  needles. 


I 


Aldehydic  Acids. 


These  are  acids  containing  the  group  CHO  as  well  as  CO.OH,  in  place 
of  hydrogen,  and  exhibiting  an  aldehydic  as  well  as  an  acid  character. 
All  the  known  aldeiiydio  acids  likewise  contain  the  group  OH,  and  are 
therefore  the  intermediate  aldehydes  of  bibaslc  triatomic  acids.  They  are 
produced,  like  salicylic  aldehyde  (p.  888),  by  the  action  of  chloroform  on 
the  oxy-acids  in  alkaline  solution. 

Aldehydo-oxybenzolo  Add,  CbH.O^  =  C^HjCOHX^^^    .  —  Two 

isomeric  acids  of  this  composition  ^a  and  &  Aldeh^doaalicylic  acids)  are 
obtained  by  boiling  14  parts  of  salicylic  acids,  25  parts  of  sodium  hydrox- 
ide, 50  parts  of  water,  and  15  of  chloroform,  in  a  vessel  with  reversed 
condenser.  On  diluting  with  water,  acidulating  with  hydrochloric  acid, 
agitating  with  ether,  and  then  agitating  the  concentrated  ethereal  solu- 
tion with  acid  sodium  sulphite,  a  solution  is  obtained,  from  which,  after 
removal  of  the  ether,  sulphuric  acid  separates  the  £-acid  as  a  crystalline 
powder,  while  the  «-acid,  together  with  a  very  small  quantity  of  the  ^ 
acid,  remains  dissolved,  and  may  be  extracted  from  the  solution  by  ether. 
A  third  acid,  y-aldehydoparao.rybe,nzoic  acidy  is  obtaine<l  in  like  manner  from 
par aoxy benzoic  acid,  together  with  paraoxy benzoic  aldehyde. 
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m.  (CO3H  :  OH  :  CHO  =  1:2:  3).— Slender  felted  needles,  sublimable 
when  slowly  heated.  Much  more  soluble  in  water  than  B.  Solution  colored 
red  by  ferric  chloride.  Calcium-salt  easily  soluble  :  distilled  with  calcium 
hydrate  gives  salicylic  aldehyde. 

£.  (CO3H  :  OU  :  CHO  =1:2:  5).— Slender  needles  melting  at  2490  C. 
(480.20  F.),  sublimable  when  slowly  heated,  l^early  insoluble  in  cold 
water,  sparingly  soluble  in  boiling  water  and  oold  alcohol,  easily  in  hot 
alcohol  and  ether.  Deep  cherry-red  with  ferric  chloride.  Calcium-salt 
very  soluble  ;  distilled  with  CaHgO,  gives  paraozybenzaldehyde. 

y.  (COjH  :  OH  :  CHO  =  1:3:  4).— Prismatic  crystals,  melting  at  2430- 
2440  C.  (469.4P-471.20  F.),  sublimable.  Slightly  soluble  in  cold,  more 
readily  in  hot  water,  easily  in  alcohol  and  ether.  Brick-red  with  ferric 
chloride.  Calcium-salt  slightly  soluble ;  distilled  with  lime  gives  salicylic 
aldehyde. 

Aldehydovanillio,  or  Aldehydo-methylprotocatechtiio   Acid, 

C9H805=C,H,(OH)(OCH,)<;^'^^,   is  obtained,  together  with  vanillin 

(p.  891),  from  vanillic  acid,  in  the  same  manner  as  the  aldehydoxyben- 
zoic  acids  from  the  oxybenzoic  acU\s.  Crystallizes  in  slender  silky  needles, 
melting  at  2210-222©  C.  (429. 80-431.60  F.),  slightly  soluble  in  water, 
easily  in  alcohol  and  ether.    Ferric  chloride  colors  the  solution  violet. 

Opianlo  Acid,  CioHioOe=C.H2(OCHs),<;^^^  .--Aldeliyda-dimethylpro- 

iocaiechuic  acid  is  formed,  together  with  cotarnine  and  hemipinio  acid 
(p.  926),  in  the  oxidation  of  narcotine  by  MnOj  and  sulphuric  acid,  or 
with  dilute  nitric  acid.  It  crystallizes  in  slender,  colorless  prisms,  melt- 
ing at  140O  C.  (2840  F.),  slightly  soluble  in  cold  wat«r.  Heated  with 
soda-lime,  it  is  converted  into  dlmethyl-protocatechuic  aldehyde,  CgH, 
(OCH3)g.CH0  (p.  891),  and  when  treated  with  oxidizing  agents,  it  yields 
hemipinic  acid. 

Meconin,  CjgHjoO^,  occurs  in  opium,  and  is  formed,  together  with 
cotarnine  (see  Alkaloids),  from  narcotine,  by  heating  with  water  to  lOOO, 
and  from  opianic  acid  by  the  action  of  nascent  hydrogen  or  of  potash- 
lye.  Shining  colorless  crystals,  sparingly  soluble  in  cold,  more  freely  in 
hot  water,  melting  at  llOO  C.  (230O  F.).  Heated  with  acids,  it  forms 
ethereal  compounds,  with  elimination  of  water. 
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Benzene-dicarbonic  Acids. 
Acids,  C.HgO,  =r  CeH,(CO,H),. 

1.  Fhthalio  Acid  (1  :  2),—0rth6ben2ene-dicarbonic  acid  is  formed  by 
the  action  of  nitric  acid  on  naphthalene,  dichloride  of  naphthalene  ali- 
zarin, and  purpurin  (the  coloring-matters  of  madder): 

4-       O. 


CjqHr 

NAphtha- 
lene. 

C„HA    + 
Alizarin. 


C^H-O. 
Oxalic 


Purpurin. 
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2HjO 
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+ 
+ 


=      C,HA      4- 
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acid.  acid. 
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It  is  also  produced  by  oxidizing  orthotolnio  acid  with  permanganate  eola- 
tion, and  is  usually  prepared  by  treating  naphthalene  dichloride  at  the 
boiling  heat  with  nitric  aoid.  Chromic  acid  mixture  cannot  be  used  in  Ita 
preparation,  as  it  is  easily  oxidized  thereby  to  carbonic  acid. 

Phthalic  acid  crystallizes  in  short  prisms  or  lamimBi  slightly  soluble  in 
cold  water,  easily  soluble  in  hot  water,  alcohol,  and  ether.  It  melts  at 
1850  C.  (3650  F.)i  &nd  is  resolved  at  a  higher  temperature  into  water  and 
phthalic  anhydride,  CgH403.  Heated  with  excess  of  calcium  hydrate,  it 
is  resolved  into  2C0^  and  benzene,  but  when  2  molecules  of  it  are  heated 
with  1  mol.  CaHgO,,  it  yields  calcium  benzoate : 

2G.H6O4    +     CaHjO,    =     (CjUfi^)fi&    +    2C0g    +    2H,0. 

It  forms  both  acid  and  neutral  salts.  Barium  chloride  added  to  the  solu- 
tion of  its  ammonium  salt  throws  down  barium  phthalate,  CgH^O^Ba,  which 
is  very  slightly  soluble  in  water. 

Phthalic  acid  is  converted  by  fuming  nitric  acid  into  nitro-phthalic 
acid,  CgH5(N0,)04. 

Phthalic  chloride,  CgH4(C0Cl)g,  formed  by  heating  the  acid  with 
PCI5,  is  a  liquid  which  boils  at  27CP  C.  (5180  p.),  and  is  converted  by  zinc 
and  hydrochloric  acid  into  phthalic  aldehyde,  CgHf(CHO)„  which 
crystallizes  from  hot  water  in  plates,  and  melts  at  (550  c.  (1490  F.). 

• 

Phthalic  anhydride,   CaH4<[[^Jv>0,   obtained  by  heating   the 

acid,  forms  large  needles,  melts  at  1280  C.  (262.4P  F.),  and  boils  at  277° 
C.  (530.60  F.). 

Hydrophthalic  acid,  CgHgO^,  formed  by  the  action  of  sodinm- 
amalgam  on  phthalic  acid,  dissolved  in  aqueous  sodium  carbonate,  crys- 
tallizes in  tables ;  dissolves  easily  in  hot  water  and  alcohol ;  and  melts  at 
about  20(10  c.  (3920  F.),  decomposing  at  the  same  time  into  phthalic  an- 
hydride, water,  and  hydrogen.  By  the  action  of  strong  sulphuric  acid, 
or  by  oxidation  with  nitric  acid,  chromic  acid,  or  bromine  and  water,  it  is 
converted  into  benzoic  acid.  Tetra hydrophthalic  acid,  CgHj^O^, 
is  prepared  by  heating  its  anhydride  with  water,  and  the  anhydride, 
CftHgO,,  is  produced  by  distillation  of  isohydropyromellitic  acid  (p.  927). 
The  anhydride  crystallizes  in  laminae  melting  at  G8O  C.  (154.4P  p.).  The 
acid  also  crystallizes  in  laminae,  melting  at  960  C.  (204.8C  F.),  and  decom- 
posing at  the  same  time  into  water  and  the  anhydride.  Hexhydro- 
phthalic  acid,  CgHjjO^,  is  obtained  from  either  of  the  preceding  by  the 
action  of  sodium-amalgam,  or  by  heating  with  hydriodio  acid  to  230O  c. 
(44GO  F.)  ;  it  crystallizes  in  prisms  or  laminae,  sparingly  soluble  in  water, 
melting  at  207O  C.  (404.60  F.). 

Isophthalio  Acid,  CgH4(C0,H),  (1:3),  is  formed  by  oxidation  of  meta- 
zylene  or  metatoluic  acid  with  chromic  acid  mixture,  also  by  fusing  meta- 
snlphobenzoate,  or  metabromobenzoate,  or  benzoate  of  potassium  with 
potassium  formate  (in  the  last  two  cases  together  with  terephthalic  acid),' 
and  by  the  action  of  heat  on  hydropyromellitic  and  hydroprehnitic  acid 
(p.  927).  It  crystallizes  in  slender  needles,  soluble  in  460  parts  of  boiling 
and  7800  parts  of  cold  water,  melts  above  300O  C.  (5720  F.),  and  sublimes 
in  needles  without  blackening.  Its  barium  salt  dissolves  easily  in  water, 
so  that  the  acid  is  not  precipitated  by  barium  chloride  from  the  solution 
of  its  ammonium  salt,  a  character  by  which  it  is  distinguished  from  its 
two  isoraerides. 

Methyl  isophthalate^  Qfi^(fiO^,Q^^^^  crystallizes  in  needles,  melting  at 
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64C>-G50  C.  (147.20-1490  F.).    The  ethylic  ether  is  a  colorless  liquid,  boiling 
at  28t)0  c.  (5450  F.),  and  not  solidifying  at  OO. 

Nitrosophihalic  acid,  CjH^CNOj)©^,  forms  laminae,  melting  at  2490  C. 
(480.20  F.). 

Isophthalyl  chloride,  CqH4(C0C1),,  forms  a  radio-crjstalline  mass,  melts  at 
410  C.  (105.gO  F.),  boila  at  2760  C.  (628.80  F.). 

Terephthalio  Aoid,  CqH^CCOjH),  (1  :  4),  is  formed  by  oxidation  of 
various  bodies  belonging  to  the  para-series — as  paraxylcne,  paratoluio  acid, 
cumenol,  and  cymene,  with  chromic  acid  mixture.  It  is  a  white  powder, 
crystalline  if  slowly  deposited  from  solution,  nearly  insoluble  in  water, 
alcohol,  and  ether ;  sublimes  undocomposed  without  previous  fusion. 

The  terephthalates,  C8H^0^Ca+  Zllfi  and  CgH^O^Ba  +  4H,0,  are  crystal- 
line, and  very  sparingly  soluble.  The  methylic  and  ethylic  ethers  crys- 
tallize in  prisms,  the  former  melting  at  104^  C.  (219. 2^  F.),  the  latter  at 
440  C.  (I1I.20  F.). 

Nitroterephthalic  acid  is  crystalline,  and  melts  at  2590  C.  (498.20  F.). 
Hydroierephthalic  acid,  CgUgO^,  Is  a  white  powder,  like  terephthalio  acid. 

2.  Acids,  CgH80^  =  CgH,(CH,)(C0,H),. 

Uvltio  Add  (COjH  :  CH,  :  CO,H  =  1:3:5)  is  produced,  together  with 
mesitylenio  acid,  by  prolonged  boiling  of  mesitylene  with  dilute  nitric 
acid,  and  by  boiling  pyruvic  acid  (p.  757)  with  barium  hydrate.  Slender 
needles,  melting  at  267©  C.  (548. (jO  F.),  sparingly  soluble  in  hot  water, 
easily  in  alcohol  and  ether ;  converted  by  oxidation  with  chromic  acid  into 
trimesio  acid,  and  resolved  by  distillation  with  lime,  first  into  CO,  and 
metatoluio  acid,  afterwards  into  CO,  and  toluene. 

Xylidio  Acid  (CO,H  :  CH, :  CO,H  =  1 : 3  : 4)  is  produced  from  pseu- 
documeue  (p.  819),  xylic  acid,  and  paraxylio  acid  (p.  817),  by  prolonged 
boiling  with  dilute  nitric  acid.  Indistinct  colorless  crystals,  melting  at 
280Q-283O  C.  (530^^1)41.40  F.),  nearly  insoluble  in  cold  water. 

Isoxylidio  acid,  formed  by  fusing  potassium  tolucne-disulphonate 
with  sodium  formate,  is  very  much  like  xylidio  acid,  but  melts  at  31 OO. 
3150  C.  (590Q-599O  F.). 

Isouvitic  acid,  formed  together  with  phloroglucin,  pyrotartaric 
acid,  and  acetic  acid,  by  fusing  gamboge  with  potash,  crystallizes  in  short 
thick  prisms,  melting  at  about  lUQO  C.  (320O  F.). 

3.  Acids,  CjoHioO^. 

Cumidic  acid,  CgHj(CH3)2(C02H)2,  formed  from  durene  and  durylio 
acid  by  prolonged  boiling  with  dilute  nitric  acid,  crystallizes  in  long  trans- 
parent prisms,  and  sublimes  at  a  high  temperature. 

Phenylene-dlacetic  acid,  Q>JB.^fS^VL^.CO^)^,  is  formed  from  tolly- 
lene  chloride,  CeH4(CHiCl)g  (p.  828).  Long  needles,  melting  at  2440  C. 
(471. 20  F.),  and  subliming. 
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Phenoldicarbonic  Acid,  CgHjOs  =  Cgn3(0H)(C0,H)j,  is  formed,  to- 
gether with  phenol  and  phenoltricarbonic  acid,  when  basic  sodium  salicy- 
late is  heated  to  360O-380O  C.  (G8(P-7160  F.)  for  several  hours,  with 
frequent  agitation,  in  a  stream  of  carbon  dioxide.    The  product  is  dissolved 
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in  water,  acidulated  with  hydrochlorio  acid,  boiled,  filtered  hot,  neutralized 
with  ammonia  and  mixed,  with  barium  chloride,  whereby  barium  phenol- 
tricarbonate  is  precipitated.  The  liquid  filtered  after  oooling  and  mixed 
with  hydrochloric  acid,  deposits  a  mixture  of  phenoldicarbonio  and  sali- 
cylic acids,  from  which  the  latter  may  be  dissolved  out  by  chloroform. 
Phenoldicarbonio  acid  crystallizes  from  boiling  water  in  long  needles,  melts 
above  270O  C.  (5180  F.),  and  sublimes  at  200O  C.  (3920  F.),  with  partial 
resolution  into  CO,  and  phenol.  Slightly  soluble  in  water,  easily  in  alco- 
hol and  ether. 

OzyiBoavitic  Add,  CBH80B  =  C,Hj(0H)(Cn,)(C0,H),.— The  ethylic 
«ther  of  this  acid  is  formed  by  the  action  of  chlo.*oform,  chloral,  carbon 
tetrachloride  or  ethyl  trichloracetate  on  ethyl  acetoacetate  (p.  722).  The 
free  acid  forms  needles,  sparingly  soluble  in  cold  water,  more  freely  in  hot 
water,  easily  in  alcohol  and  ether.  Ferric  cliloride  colors  its  solution  red- 
dish violet.  The  barium  salt,  CglleO^Ba  +  1^H,0,  heated  with  lime,  yields 
metacresol.  By  oxidation  with  permanganate  or  dilute  nitric  acid,  oxy- 
isouvitio  acid  is  converted  into  an  acid  isomeric  with  uyio  acid  (p.  922). 
It  is  insoluble  in  chloroform. 

Hemlpinic  Add,  C,oHioOe  =  Cena(0CH5),.(C0jH)„  formed,  together 
with  cotamine,  meconin,  and  opianio  acid,  by  oxidation  of  narcotine, 
crystallizes  in  large  hydrated  prisms  slightly  soluble  in  water.  The  de- 
hydrated acid  melts  at  18C)0  c.  (35b^  F.).  By  heating  with  HI,  it  is 
r('solved  into  CO,,  methyl  iodide,  and  protocatechuio  acid :  CiqUi^O.  -}- 
2UI  =  C^HjO^  +  2CH,I  +  CO,. 
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Benzenetricarbonio  Adds,  CgllgO,  ==  CeHsCCO,!!),. 

Trimesic  acid  (1:3:  5). — Obtained  by  oxidation  of  mesitylenic  or 
uvitic  acid  with  chromic  acid  mixture  ;  also  by  heating  mellitic  acid  with 
glycerin  in  an  oil-bath  till  the  mass  solidifies  and  begins  to  blacken  ;  and, 
together  with  COj  and  benzene-tetracarbonic  acid,  by  heating  hydro-  and 
isohydromellitio  acid  with  strong  sulphuric  acid.  Short  colorless  prisms, 
rather  sparingly  soluble  in  cold  water,  easily  in  hot  water,  in  alcohol,  and 
in  ether  ;  melts  above  3CM.IO  C.  (5720  F.),  and  sublimes  without  carboniza- 
tion. By  heating  with  excess  of  lime  it  is  resolved  into  CO,  and  benzene. 
The  ethylic  eiher^  CeH,(CO,C2U5)8,  forms  long  silky  prisms  melting  at  129© 
C.  (264.20  F.). 

Hemimellltio  aoid  (1:2:  3),  formed,  together  with  phthalic  an- 
hydride, by  heating  hydromellophanic  acid  (p.  927)  with  strong  sulphurio 
acid,  crystallizes  in  colorless  needles  somewhat  sparingly  soluble  in  water. 
It  melts  at  about  1850  C.  (3650  F.),  and  is  n»solved  at  a  higher  tempera- 
ture into  phthalic  anhydride  and  benzoic  acid. 

Trimellitio  aoid  (1:2:4),  is  produced,  together  with  isophthalio 
acid  and  pyromellitio  anhydride,  by  heating  hydropyromellitic  acid  with 
strong  sulphuric  acid,  and  abundantly,  together  with  isophthalic  acid,  in 
the  oxidation  of  colophony  by  nitric  acid.  It  forms  nodular  groups  of 
indistinct  crystals,  moderately  soluble  in  water  and  in  ether ;  melts  at 
2180  C.  (424.40  F.),  giving  oflf  water  at  the  same  time,  and  being  con- 
verted into  the  anhydride,  C.H^Oj  »  0-c^^CeH,— CO,H  . 
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Phenol  trioarbonlo  Acid,  CgllgO^  =  CaHj(OH)(C02H)3,  is  formed, 
together  with  phenol-dicarbouic  acid,  by  heating  sodiam  Balicylate  iu  a 
stream  of  carbon  dioxide,  and  separated  as  a  barium  salt  in  the  manner 
before  described  (p.  926).  The  free  acid  crystallizes  from  a  hot  concen- 
trated aqueous  solution  in  thick  prisms,  containing  IH2O ;  from  dilute 
solutions  in  needles  with  2H80.  Heated  above  18(0  C.  (35GO  F.),  it  is 
resolved,  without  previous  fusion,  into  COj,  phenoldicarbonic  acid,  salicylic 
acid,  and  phenol.  The  ethulic  ether,  CflH3(CjH.).0,,  forms  long  needles, 
melting  at  840  C.  (183.20  F.). 
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Benzotetraoarbonlc  Acids,  CfHjCCOsH)^. 

There  are  three  possible  modifications  of  these  acids,  all  of  which  have 
been  obtained. 

(1)  Pyromellitic  acid  (1:2:4:  5).  is  obtained  as  anhydride, 
CjjHjOj,  by  distillation  of  mellitic  acid,  or  better,  by  heating  sodium  mel- 
litato  with  sulphuric  acid :  C,2HeO,2  =  CjoHjOg  +  2C0j  -f  2HgO.  The 
anhydride  boiled  with  water  yields  the  acid. 

Pyromellitic  acid  crystallizes  with  2II2O  in  prisms  slightly  soluble  in 
cold  water,easily  in  hot  water  and  in  alcohol.  It  melts  at  2G40C.  (507.20 
F.)»  and  is  converted  by  distillation  into  the  anhydride,  CjoHjOj,  which 
forms  large  crystals  melting  at  2860  C.  (546.80  F.).  The  salts,  Cj-H^BajOg 
and  CjoHjCajOg,  are  white  insoluble  precipitates.  The  ethylic  elker, 
CeH2(COa.C3H5)^,  forms  short  needles  melting  at  630  C.  (127.40  F.). 

Hi/dropyromellitic  and  Isohydr<^yromdl%t\c  acids,  C^qH^qO^^ 
0^112(11^) (COjH)^,  are  formed  simultaneously  by  the  action  of  sodium- 
amalgam  on  pyromellitic  acid.  The  former  remains  on  evaporating  its 
ethereal  solution  as  a  very  soluble  mass.  The  latter  crystallizes  with 
211,0,  gives  off  its  water  at  120O  C.  (2480  p.),  melts  at  about  200O  C. 
(392P  F.),  and  is  resolved  into  water,  COj,  and  tetrahydrophthalic  anhy- 
dride. Both  acids,  when  heated  with  sulphuric  acid,  give  off  CO,  and 
are  converted  into  trimellitio  and  isophthalic  acids. 

(2)  Isopyroraellitio  or  Prehnitic  acid  (1  :  2  :  3  :  5),  is  formed, 
together  with  CO2,  trimesic  acid  and  mellophanic  acid,  by  heating  hydro- 
and  isohydromellitic  acid  with  strong  sulphuric  acid.  It  crystallizes  in 
j^roups  of  large  prisms  containing  211,0  ;  dissolves  easily  in  water,  and  is 
jeparated  from  its  concentrated  solution  by  hydrochloric  acid  in  crystals  ; 
melts  at  2380  C.  (4G0.4P  F.),  with  formation  of  anhydride. 

Tlydroprehnitic  acid,  prepared  like  hydropyromellitic  acid,  is  a  gummy 
mass,  resolved  by  heating  with  strong  sulphuric  acid  into  CO,,  prehnitic 
acid  and  isophthalic  acid. 

(3)  Melloph  an  i  0  ac  id  ,  produced,  together  with  prehnitic  acid,  forma 
smnll  indistinct  anhydrous  crystals  united  in  crusts  ;  melts  at  21f)0-2380  C. 
(4I9O-460.4O  F.).   With  sodium-amalgam  it  yields  hydromellophanic  acid. 


HEXATOMIC    ACID 


Mellitlc  Acid,  C^HgO,,  =Cg(C02H)g.— This  acid,  having  the  constitu- 
tion of  l^enzene  in  which  all  the  six  hydrogen-atoms  are  replaced  by  oar- 
boxyl,  occurs  as  aluminium  salt  in  melliie  or  honey-stone,  a  mineral  found  in 
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beds  of  lignite.  It  is  soluble  in  water  and  alcohol,  and  crystallises  in 
colorless  needles,  melts  when  heated,  and  is  resolved  bj  disiiUation  into 
COj,  water,  and  pyromellitic  anhydride ;  by  heating  with  lime,  into  CO, 
and  benzene.  It  is  a  very  stable  acid,  not  being  decomposed  by  salphuric, 
nitric,  or  hydriodic  acid,  or  by  bromine ;  even  with  the  aid  of  heat.  Mel- 
litic  acid  forms  acid  and  neatral  salts  and  ethers,  whose  composition  may 
be  illustrated  by  the  following  examples : 


Neutral. 

C„(XH.).0,, 
C„(CH,).0„ 

C„Ba,0„ 
C„(A1,)''0„ 


Acid. 
CijHjKsO,, 

C,2H3(C2U5)jO„ 

C„H,Cu,Ou 


Ammonium  mellitate  yields  by  distillation  paramide  and  eachroic 
acid.  The  former  is  a  white  amorphous  substance,  containing Cj^U^NjOg 
(t.  e.,  tri-ammonic  mellitate,  C,2H3(NU4),0,2  —  GH^O),  and  convertible 
by  boiling  with  water  into  acid  ammonium  mellitate.  Euckroic  acid, 
C^H^NjOg  [^  C„H4(NH4)jOi,  —  4H^0],  forms  colorless,  sparingly  soluble 
crystals.  In  contact  with  zinc  and  deoxidizing  agents  in  general,  it  yields 
a  deep  blue  insoluble  substance  called  euckrone. 

Hydromellitic  acid^  C„H,jOi2  ==  CsH^CCOgH)^,  is  slowly  formed  by  the  ac- 
tion of  sodiam-amalgam  on  ammonium  mellitate.  Ck)lorles8  indistinct 
crystals,  easily  soluble  in  water.  Sexbasic.  Changes  slowly  by  keeping, 
quickly,  when  heated  to  180O  C.  (356^  F.)  with  strong  hydrochloric  acid, 
into  isohydromcllitic  acid,  Ci^i^O,,,  which  crystallizes  in  thick, 
hard  four-sided  prisms,  dissolves  readily  in  water,  and  is  precipitated  from 
the  solution  by  hydrochloric  acid.  Both  these  acids,  heated  with  strong 
sulpharic  acid,  yield  a  mixture  of  prehnltic,  mellophauic,  and  trimesic 
acids. 

Ilydromellitic  acid  is  an  additive  compound,  in  which  the  double  link- 
ing of  the  alternate  pairs  of  carbon-atoms  in  the  benzene  nucleus  is  broken 
up  by  the  entrance  of  the  additional  hydrogen-atoms  : 

CO,H  H  H    CO.H  H 

I                                                 I      \/  I 

CO,H— C--C=C— CO,H  COjH— C — C C— CO,H 

CO,H^-C— C=C— CO,H  CO.H— C C C— CO,H 

COoH  ft    H    CO.H  H 

Mellitio.  HydromcUitlo. 


INDiaO  OROUP. 


Indigo-blue  and  its  immediate  derivatives  form  a  group  of  bodies  nearly 
related  to  the  benzene-group,  as  shown  by  their  products  of  decomposition 
(aniliue,  ortho-amidobenzoic  acid,  etc.);  but  their  constitution  cannot  yet 
be  regarded  as  precisely  determined,  for  want  of  sufficiently  definite  modes 
of  synthetic  formation. 

N^,H-?0-CH^  or  Indigo  tin,  C.H.NO  or  C„H,oNA,  probably 


^  . ,     • — Indigo  is  the  product  of  several  species  of  plants  of 

N— Cgll^— CO— »C  H 
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the  genus  Fndigofera,  growing  in  India  and  South  America,  also  of  Isatis 
tinctoriay  Nerium  tinctoriunij  l\>lygonum  tinctorium,  and  other  plants.  It  does 
not  exist  in  these  plants  ready -formed ,  but  is  produced  hy  decomposition 
of  a  glucoside,  C^U^iNOij,  called  i  n  d  i  c  a  n ,  which  may  be  extracted  from 
them  by  cold  alcohol,  and  forms  a  brown  bitter  syrup,  easily  soluble  in 
water  and  alcoliol.  This  substance,  when  boiled  with  dilute  acids,  or  sub- 
jected to  the  action  of  ferments,  is  resolved  into  indigo-blue  and  iudiglucin, 
C  H   O   • 

C„H,jNO„    +     2H,0    =    CgH^NO     +     30.11100.. 

A  substance  similar  to  indican  sometimes  occurs  in  urine,  and  gives  rise, 
by  its  conversion  into  indigo-blue,  to  a  blue  coloration  of  the  liquid  when 
left  in  contact  with  the  air,  or  treated  with  sulphuric  acid. 

To  obtain  indigo  from  the  plants  which  produce  it,  the  chopped  leaves 
and  twigs  are  macerated  in  water  for  12  to  15  hours,  after  which  the  liquid 
is  poured  off  into  shallow  wooden  vessels,  and  frequently  stirred,  so  as  to 
bring  it  as  much  as  possible  into  contact  with  the  air.  The  indigo  thereby 
deposited  is  separated  from  the  brown  liquid,  boiled  with  water,  and  dried. 

Commercial  indigo  is  a  mixture  of  several  substances,  all  of  which,  ex- 
cept indigo-blue,  are  useless  to  the  dyer.  Boiling  with  dilute  acetic  acid 
extracts  indigo-gelatin;  dilute  potash-lye  then  extracts  indigo-brown;  and 
the  residue  yields  to  boiling  alcohol  indigo-red^  which  remains  on  evapora- 
tion as  a  red  powder,  soluble  in  alcohol  and  ether.  The  residue  left  after 
boiling  with  alcohol  is  nearly  pure  indigo-blue. 

Pure  indigo-blue  may  be  obtained  from  the  commercial  product  by  cau- 
tious sublimation ;  it  then  rises  as  a  fine  purple  vapor,  which  condenses 
in  dark-blue  needles  having  a  coppery  lustre. 

The  best  method  of  eilecting  the  sublimation,  is  to  mix  1  part  of  powdered 
indigo  with  2  parts  of  plaster-of-Paris,  make  the  whole  into  a  paste  with 
water,  and  spread  it  upon  an  iron  plate.  This,  when  quite  dry,  is  heated 
by  a  spirit-lamp ;  the  volatilization  of  the  indigo  is  aided  by  the  vapor  of 
water  disengaged  from  the  gypsum ;  and  the  surface  of  the  mass  becomes 
covered  with  beautiful  crystals  of  pure  indigo,  which  may  be  easily  re- 
moved by  a  thin  spatula.  At  a  higher  temperature,  charring  and  decom- 
position take  place. 

The  best  method  of  obtaining  indigo-blue  is  to  reduce  the  crude  product 
to  indigo-white  by  the  action  of  ferrous  sulphate  or  glucose  in  alkaline 
solution,  and  then  reoxidize  it.  It  is  on  this  principle  that  the  dyer  pre- 
pares his  indigO'Vat :  5  parts  of  powdered  indigo,  10  parts  of  green  vitriol, 
15  parts  of  slaked  lime,  and  60  parts  of  water,  are  agitated  together  in  a 
close  vessel;  and  then  left  to  stand.  The  ferrous  hydrate,  in  conjunction 
with  the  excess  of  lime,  reduces  the  indigo  to  the  soluble  state ;  and  a 
yellowish  liquid  is  produced,  from  which  acids  precipitate  indigo-white,  as 
a  flocculent  substance  which  absorbs  oxygen  with  the  greatest  avidity,  and 
becomes  blue.  Cloth,  steeped  in  the  alkaline  liquid,  and  then  exposed  to 
the  air,  acquires  a  deep  and  permanent  blue  tint  by  the  deposition  of  solid 
insoluble  indigo  in  the  substance  of  the  fibre. — Instead  of  the  iron  salt  and 
lime,  a  mixture  of  diluU^  caustic  soda  and  grape-sugar  dissolved  in  alcohol 
may  be  used ;  the  sugar  becomes  oxidized  to  formic  acid,  and  the  indigo 
reduced.  On  allowing  such  a  solution  to  remain  in  contact  with  the  air, 
it  absorbs  oxygen,  and  deposits  indigo-blue  in  the  crystalline  state. 

Indigo-blue  is  said  to  have  been  obtained  by  treating  liquid  nitro-aceto- 
plienone  (p.  892)  dissolved  in  chloroform  with  a  mixture  of  soda-lime,  and 
zinc  dust,  according  to  the  equation, 

Nitro-Acetophenonc  (2mols.).  Indigo-blue. 

7«* 
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But  the  quantity  of  indigo-blue  thus  obtained  is  always  very  Bmall,  and 
it  appears  to  be  very  difficult  to  ascertain  the  precise  conditions  under  which 
the  transformation  takes  place.* 

Indigo- white  or  Hydrindigotin,  Ci^H^NjO,,  is  precipitated  by  hy- 
drocliloric  acid  from  its  alkaline  solution  (formed  as  above),  out  of  oontact 
witli  the  air,  as  a  white  crystalline  powder,  dissolving  with  yellow  color  in 
alcohol,  ether,  and  alkalies.  It  is  converted  into  indigo-blae  by  exposure 
to  the  air,  and  into  indol  by  distillation  with  zino-dust. 

Indigo-Snlphonlo  Acids. — When  indigo-blue  is  heated  for  a  con- 
siderable time  with  8  to  15  parts  of  strong  sulphuric  acid,  it  dissolves,  with 
formation  of  a  mono-  and  di-sulphonic  acid.  ■ 

Indigo-monos  ulphonic  acid,  CiQH^NgO^.SOsH  {Stdphopurpwie 
or  Pfwenicinsulphonic  acid),  separates,  on  diluting  the  solution  with  water,  ■ 

as  a  blue  powder,  soluble  in  pure  water  and  in  alcohol,  but  insoluble  in         | 
dilute  acids.     Its  salts  are  red  in  the  solid  state,  but  dissolve  in  water  with 
blue  color. 

Indigo-disulphonio  acid,  CiJR.J^fiJ^^^\  (^Sulphindigoiic  or 
Stdphindylic  acid),  remains  in  the  filtrate  from  the  monosulphouic  acid,  and 
constitutes  the  sole  product  when  15  parts  of  sulphuric  acid  are  used  to 
dissolve  1  part  of  indigo.  To  separate  the  acid,  clean  white  wool,  pre- 
viously boiled  with  solution  of  sodium  carbonate,  is  dipped  into  the  liquid, 
and  as  soon  as  it  has  acquired  a  dark  blue  color,  it  is  taken  out,  washed 
with  water,  and  boiled  with  ammonium  carbonate ;  the  resulting  solution 
is  precipitated  with  lead  acetate,  and  the  precipitate  decomposed  by  hy- 
drogen sulphide.  In  this  manner  a  colorless  solution  of  hydrindigo- 
tin-disulphonic  acid,  Ci5Hi,N202(S03U)„  is  obtained,  which,  on 
exposure  to  the  air,  is  quickly  converted  by  oxidation  into  the  disulphonic 
acid  of  indigo-blue,  which,  on  evaporating  the  solution,  remains  in  the 
form  of  a  blue  amorphous  mass.  The  salts,  CuHgN^OjCSOsK),  and 
C,jHgNjOj(S03Na)2,  known  in  commerce  as  indigo-carmine,  are  prepared 
on  the  large  scale  by  adding  potassium  acetate  or  sodium  sulphate  to  a 
dilute  solution  of  indigo-blue  in  sulphuric  acid,  washing  the  blue  precipi- 
tate with  solutions  of  the  same  salts,  and  pressing  it.  They  form  copper- 
colored  masses,  blue  in  the  finely-divided  state,  and  dissolving  with  blue 
color  in  pure  water. 

XO— C(OH) 
laatln,  CgH^NOa  =  CeH^<^    /'  »  *«  obtained  by  oxidizing  in- 

diiro  with  chromic,  or  better,  with  nitric  acid.  Powdered  indigo  is  mixed 
with  water  to  a  thin  past«,  heated  to  the  boiling  point  in  a  large  capsule, 
and  nitric  acid  is  added  by  small  portions  until  the  blue  color  disappears  ; 
the  whole  is  then  largelv  diluted  with  boiling  water,  and  filteriKi.  The 
impure  isatin  which  separates  on  cooling  is  washed  with  water  containing 
a  little  ammonia,  and  recrystallized.  The  process  requires  careful  man- 
a«?ement,  or  the  oxidizing  action  proceeds  too  far,  and  the  product  is 

destroved.  .  ,  ,  .     ,        i   -.  i    . 

Isatin  forms  deep  yellowish-red  prismatic  crystals,  sparingly  soluble  m 
cold  water,  freely  in  boiling  water  and  in  alcohol.  The  solution  colors  the 
skin  yellow,  and  causes  it  to  emit  a  very  disagreeable  odor.  Isatin  when 
heated  melts  and  sublimit,  with  partial  decomposition.  It  unit^  with  acid 
sulphites  of  alkali-metal,  forming  crystalline  compounds.     It  dissolves  in 

»  Emmerllne  and  En  g  1  e  r.  Deutech.  Ghem.  Qes.  Ber.  Ix.  1422;  Chem.  Soc 
Journal,  1877,  i.  821. 
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alkalies,  forming  violet  solutions,  from  which  silver  nitrate  throws  down 
a  red  precipitate  of  CgU^AgNOj,.  On  boiling  these  solutions,  the  isatin  is 
converted  into  isatic  acid,  and  the  color  changes  to  yellow. 

Isatin  is  converted  by  nitrous  acid  into  nitrosalicylic  acid.  Dis- 
tilled with  strong  potash-solution  it  yields  aniline.  On  heating  it  to 
8(P  C.  (ITtP  F.),  with  phosphorus  trichloride  and  phosphorus,  dissolving 
the  product  in  water,  and  leaving  the  solution  exposed  to  the  air  for 
twenty-four  hours,  it  deposits  indigo-blue. 

Chlorinated  and  Brondnated  derivatives  of  Isatin  (mono-  and  di-),  e.  g., 
CgH^ClNO,,  CjHjCLjNOj,  etc.,  are  formed  by  passing  chlorine  or  bromine 
into  the  hot  aqueous  solution  of  isatin.  These  compounds  crystallize  well, 
and  are  converted  by  fusion  with  potash  into  substituted  anilines  ;  e.  </., 

Cgll^ClNOg    -f    4K0H    =    CjE^CLNH,    +     2C0sK,    +     H, . 

Isatin  boiled  with  ammonia  yields  amido-derivatives,  which  have  been 
but  little  examined.  By  reducing  agents  it  is  converted  into  isatyde, 
CijHijNaO^. 

Isatin sulphonic  acid,  CgH^NOj.SOjH,  formed  by  oxidation  of  in- 
digosnlphonates  (indigo-carmine),  is  very  soluble,  and  crystallizes  with 
difficulty :  it  forms  derivatives  analogous  to  those  of  isatin. 

Isatyde  or  Hydroisatin,  CgH^NO,,  is  formed  when  isatin  is  warmed 
with  dilute  sulphuric  acid,  or  when  its  warm,  saturated,  alcoholic  solution 
is  mixed  in  a  closed  flask  with  ammonium  hydrosulphide,  the  liquid  then 
gradually  depositing  the  isatyde  in  colorless  crystalline  scales.  It  is  taste- 
less, insoluble  in  water,  slightly  soluble  in  alcohol. 

Thioisatydej  Ci^HjjNjSjO^  is  formed  on  passing  hydrogen  sulphide  into 
an  alcoholic  solution  of  isatin,  and  is  precipitated  on  dropping  the  filtered 
solution  into  water.  It  is  a  grayish-yellow,  pulverulent,  nncrystallizable 
Bi^bstance,  which  softens  in  hot  water,  and  dissolves  in  alcohol. 

In  din,  CjjHjqNjOj  (isomeric  or  polymeric  with  indigo-blue),  is  formed 
on  triturating  thioisatyde  with  potassium  hydroxide,  gradually  adding 
alcohol,  and  washing  the  reddened  mass  with  water ;  also  by  boiling  a 
solution  of  dioxindol  in  glycerin.  It  is  a  crystalline  powder  of  a  fine  rose- 
color,  insoluble  in  water,  slightly  soluble  in  alcohol.  It  dissolves  when 
heated  with  alcoholic  potash,  and  the  solution,  on  cooling,  deposits  potas- 
sium-indin,  Ci^UgKN^Oj,  in  small  black  crystals. 

lisatio  Add,  or  Trioxlndol,  CgH^NO,. — ^The  violet  solution  of  isatin 
in  potash-lye  turns  yellow  when  heated,  and  then  contains  potassium  isutate, 
CglljKNOj,  which  is  deposited  on  evaporation  in  yellow  crystals.  This 
salt,  decomposed  with  an  acid,  yields  isatic  acid  as  a  white  powder,  soluble 
in  water,  and  resolved  by  heat  into  isatin  and  water. 

Hydrindio  Aoid,  or  Dioxindol,  C^H^NO,,  is  formed  by  the  action  of 
sodium  on  isatin  suspended  in  water,  or  dissolved  in  an  alkali,  isatic  acid 
being  first  formed,  and  then  reduced.  It  crystallizes  in  yellow  prisms,  is 
soluble  in  water  and  .in  alcohol,  and  forms  crystalline  compounds  both 
with  bases  and  with  acids.  It  melts  at  180OC.  (356^  F.),  and  decomposes 
at  195c  C.  (3830  F.),  with  formation  of  aniline.  The  aqueous  solution 
turns  red  on  exposure  to  the  air,  from  formation  of  isatin :  when  boiled 
with  ammonia  it  turns  violet.  Metallic  salts  added  to  the  solution 
throw  down  crystalline  compounds,  such  as  GglljAgNO,  and  C^jH^PhNO, 
-t-  H,0. 

Dioxindol  treated  with  nitrous  acid  in  alcoholic  solution  is  converted 
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into  nitroso^ioxindol,  CgHg(N0)N03,  which,  when  heated  with  nitric  add, 
or  silver  oxide,  yields  benzaldehjde. 

Oxindol,  CgH^NO,  is  formed  by  reduction  of  dioxindol  with  sodium- 
amalgam  in  acid  solution,  or  with  tin  and  hydrochloric  acid,  and  crystal- 
lizes in  colorless  needles,  easily  soluble  in  hot  water,  alcohol,  and  ether. 
It  melts  at  12(P  C.  (^80  p.),  and  when  heated  in  small  quantities,  may 
be  sublimed  without  decomposition.     It  forms  crystallizable  salts,  both  i 

with  acids  and  with  bases.     Its  aqueous  solution,  evaporated  in  an  op<>n  j 

vessel,  is  partially  oxidized  to  dioxindol.     Nitrous  acid  converts  it  into 
nitrosoxindol,  CgHjCNO)  NO,  which  crystallizes  in  long  golden-yellov  J 

needles,  slightly  soluble  in  water.  I 


Indol,  CrHtN,  is  formed  by  distilling  oxindol  over  heated  zinc-dust, 
and  by  fusing  orthonitrocinnamic  acid  with  potassium  hydroxide  and  iron 
filings  (to  abstract  oxygen): 

^CHZZCH.COjH  ^CH,— CH 


C, 


It  is  produced  in  larger  quantity  (about  0.5  per  cent.)  by  digesting  serum- 
albumin  or  egg  albumin  with  pancreatic  juice. 

Indol  crystallizes  from  hot  water  in  large,  shining,  colorless  lamins, 
resembling  benzoic  acid,  and  smelling  like  naphthylamine.  It  melts  at 
620  C.  (125. (P  F.),  boils  with  partial  decomposition  at  about  2450  C. 
(4730  F.),  volatilizes  in  a  vacuum  without  decomposition,  and  distils 
easily  with  vapor  of  water.  It  is  a  weak  base,  its  salts  being  decomposed 
by  boiling  with  water.  Its  vapor  colors  a  deal  shaving  moistened  with 
hydrochloric  acid,  deep  cherry-red.  Its  solution  acidulated  with  hydro- 
chloric acid  is  colored  rose-red  by  potassium  nitrite.  The  reddish  color- 
ation is  likewise  produced  by  several  other  reagents.  Indol  fused  with 
potash  is  converted  into  aniline  (probably  through  the  medium  of  ortho- 
amidobenzoic  acid).  Ozone  passed  through  an  aqueous  solution  of  indol 
forms  a  small  quantity  of  indigo-blue. 

The  formation  of  aniline  from  indol  and  its  three  hydroxyl-derivativea, 
by  fusion  with  potash,  and  their  conversion  into  anthranilic  and  nitro- 
salicylic  acids  by  regulated  oxidation  with  nitric  acid,  show  that  in  these 
bodies  the  benzene-nucleus  C^H^  is  directly  linked  to  carbon  and  to  nitro- 
gen, and  that  the  OH  groups  are  situated  in  the  lateral  chains.  They 
may  accordingly  be  represented  by  the  following  formula  : — 

<CH,.CH 
N 
Indol. 


CH,.C(OH)  CH(OH).C(OH)  C(OH),.C(OH) 


Oxindol.  Dioxindol.  Trioxindol. 

The  formation  of  anthranilic  (1  :  2  amidobenzoic)  acid  shows  further  that 
tlie  lateral  chains  in  these  compounds  occupy  contiguous  places. 

Indol  is  therefore  an  ortho-compound.  An  isomeric  compound,  which 
has  a  higher  melting  point,  890-910  C.  (192.20-195.80  F.),  and  does  not 
yii'ld  indigo-blue  wlien  treated  with  ozone,  is  formed  by  heating  albumin 
with  excess  of  potaxsium  hydroxide. 


DIPHENTL   GROUP.  933 


DIPHENTL   GROUP. 

The  compounds  of  this  group  contain  two  or  more  benzene-nuclei,  united 
either  directlj  or  through  the  medium  of  other  carbon  groups. 


Hydrocarbons,  CnH2n— 14: 


HC— CH  HCrrCH 

/      \  X       \ 


Dlphenyl,    CuH,o    =    C^U^CJl^  or     HC  C G  CII  .— 

%      ^  \       ^ 

HC— CH  HC— CH 

This  hydrocarbon  is  formed :  (1)  By  passing  benzene-vapor  through  a 
red-hot  tube  containing  fragments  of  pumice  :  2CgHg  =  CijHjq  -|-  H.^. 
This  is  the  best  metliod  of  preparing  it,  the  yield  amounting  to  about  30 
per  cent,  of  the  benzene  used. 

(2)  By  the  action  of  sodium  on  bromobenzene  (phenyl  bromide)  dis- 
solved in  ether  or  benzene  : 

2CeH5Br    -f    Na,    =    2NaBr    -|-     C.^Hio . 

(3)  By  heating  a  mixture  of  potassium  phenatoand  benzoate  or  oxalate, 
and  in  small  quantity  (together  with  benzene)  by  heating  benzoic  acid 
with  lime. 

(4)  Togotlier  with  other  products,  by  the  action  of  alcoholic  potash  on 
nitrate  of  diazobenzene : 

2CelLN,    +    C^H^O    =    C,,n,o    +     C,H,0    +    2N^ . 
DlAzoben-  Alcohol.        Dlphenyl.        Aldehyde, 

zene. 

Diphenyl  appears  also  to  be  one  of  the  constituents  of  crude  anthracene 
(p.  951),  and  passes  over  in  the  distillation  of  that  substance  at  about 
2G()0  C.  (500O  F.). 

Diphenyl  crystallizes  from  alcohol  in  iridescent  nacreous  scales,  melts  at 
about  70.50  c.  (158. 90  F.),  sublimes  at  a  higher  temperature,  and  boils  at 
2540  C.  (489.20  F.).  When  dissolved  in  glacial  acetic  acid  it  is  oxidized 
by  chromic  anhydride  to  benzoic  acid. 

Diphenyl,  subjected  to  the  action  of  halogens,  nitric  acid,  and  sul- 
phuric acid,  yields  mono- and  di- substitution-derivatives.  In  the  former, 
such  as  CijHgBr,  Ci2H9(NOj),  C|2Hg(S03H),  the  substituted  radicles  stand 
to  the  place  of  junction  of  the  two  benzene-nuclei  in  the  para-position. 
The  di-derivatives  are  known  in  two  isomeric  modifications,  the  most  fre- 
quent being  those  in  which  both  tlie  substituted  groups  are  in  the  para- 
position  relatively  to  the  point  of  junction  : 

^         \— -^         ^Br  NO  ^        ^--^        ^Br 

MonobromodipheDyl  Nitro-broroodiphenyl 

(para).  (para-para). 

By  oxidation  with  chromic  anhydride,  the  monosubetituted  diphenyls 
yield  para-derivatives  of  V)enzoic  acid,  the  group  CgH^Br,  for  example, 
being  oxidized  to  (1  :  4)  bromobenzoic  acid,  while  the  other  group  (CgHg) 
is  broken  up.  The  di-derivatives,  on  the  other  hand,  are  converted  by 
oxidation  into  two  para-derivatives  of  benzoic  acid,  «.</.,  CgH4(N02).C8H^Br 
into  ;)-nitro-  and  ;>-bromobenzoic  acid. 

Monochlorodiphenyly  C^H^Cl,  formed  by  the  action  of  PCI5  on  oxy- 
diphenyl  (CuHg.OH),  forms  colorless  crystals  melting  at  750  C.  (1670 
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F.).    DicMorodiphenyl,  Cyfifi\,  from  benzidine,  melts  at  1480  C.  (298.4P 
F.). 

Bromodtphenylf  C^HjEr,  forms  laminie,  melts  at  890  C.  (192.20  F.), 
boils  at  310O  C.  (590O  F.).  CijUgBr,  forms  prisms  melting  at  164P  G. 
(327.20  F.). 

Cyanodiphenyl^  CjjHj.CN,  obtained  by  dry  distillation  of  a  mixture 
of  diphenyl-monosalphonate  and  cyanide  of  potassium,  forms  hard,  color- 
less crystals,  melting  at  84Q-850  C.  (183.2Q-1850  F.),  insoluble  in  water, 
easily  soluble  in  alcohol.  Dicyaiwdiphenyl,  Cj2Hg(GN)2,  obtained  in  like 
manner  from  diphenyldisulphonic  acid,  forms  ramified  colorless  needles, 
melting  at  2340  C.  (453.20  F.),  sparingly  soluble  in  cold,  freely  in  boiling 
alcohol. 

Nitrodiphenyly  Ci^H^CNOj),  crystallizes  in  needles,  melts  at  1130  G. 
(233.60  F),  boils  at  340O  0.  (t)440  F.).  An  isomeric  compound  obtained 
by  distilling  calcium  meta-nitrobenzoate  with  potassium  phenate,  melts  at 
8t)0  C.  (186.80  F.),  according  to  Pfankuch,  at  1570  G.  (314.60  F.),  aocord- 
iug  to  Schultz.*  Two  dinitro-compounds^  ^'i2**8(NO,)„  are  formed  by  the  ac- 
tion of  fuming  nitric  acid  on  dlphenyl  ;  the  less  soluble  in  alcohol  of  the 
two  melts  at  2130  G.  (415.4^  F.),  and  boils  340O  G.  (644©  F.);  the  more 
soluble  compound  melts  at  93.50  G.  (200.30  F.). 

Amidodiphenyls  are  formed  by  the  reduction  of  the  nitro-componnda 
with  tin  and  hydrochloric  acid, — Xenylamine,  G„H^(NH,),  crystallizes  from 
hot  water  or  alcohol  in  colorless  laminn  melting  at  490  G.  (120.20  F.). 

Benzidine,  G,.jHg(NH2)2i  is  also  produced  by  the  action  of  sodium  on 
monobroraaniline,  and  by  molecular  transposition  of  hydrazobenzene  in 
contact  with  acids  (p.  852);  further,  by  heating  azobenzene  with  fumint; 
hydrochloric  acid  to  1150  G.  (2390  F.),  and  by  passing  SO,  into  the  alco^ 
holic  solution  of  that  compound : 

GJI5— N  C,H,— NH, 

II     +    2H2O    +     SO,    =    SO,H,    +      I 
CeHji— N  CeH,— NH, 

Benzidine  crystallizes  in  silvery  laminae,  easily  soluble  in  hot  water  and 
alcohol,  melting  at  1180  G.  (244.40  F.),  and  subliming  with  partial  de- 
composition. It  is  a  biacid  base.  The  auIphcUej  Ci^^i^^^.SOfi^,  is  nearly 
Insoluble  in  water  and  alcohol. 

Diphenylimide  or  Garbazol,  G^H^N,  is  formed  bypassing  the 
vapor  of  aniline  or  of  diphenylamine  through  a  red-hot  tube  : 

''*''^>NH    =     L'''*>NH     +     H,. 

It  occurs  in  coal-tar  oil  (320O-360O  C.,  6O8O-68OO  F.),  and  as  a  bye-product 
in  the  manufacture  of  aniline. 

Garbazol  crystallizes  in  shininp  lamin»,  soluble  in  hot  alcohol,  ether,  and 
benzene  ;  melts  at  2380G.  (460.4OF.),  and  distils  at  354Q-3550G.  (669.2Q- 
6710  F.).  It  dissolves  in  strong  sulphuric  acid,  with  yellow  color,  easily 
changed  to  green  by  oxidizing  agents.  With  picric  acid,  it  forms  a  com- 
pound which  crystallizes  in  red  needles  melting  at  1820  G.  (359.60  F.). 

A  c ri  d i  n  e ,  GjjHgN,  isomeric  with  carbazol,  likewise  occurs  in  coal-tar 
oil,  and  may  be  extracted  by  sulphuric  acid  from  the  portion  boiling  be- 

•  Liebig*s  Annalen,  olxxiv.  201 ;  Jahresbericht  fur  Ohemie,  1874.  4'*^ 
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tween  320O  C.  (608©  F.)  and  360©  C.  (680©  F.) .  It  forms  rhombic  crystals, 
easily  soluble  in  alcohol  and  ethor,  melts  at  107©  C.  (224. U©  F.),  sublimes 
in  broad  needles  at  100©,  boils  at  a  temperature  above  3(50©  C.  (680©  F.). 
It  unites  with  acids  (carbazol  does  not)  forming  salts  which  are  decom- 
posed by  boiling  with  a  large  quantity  of  water. 

Diphenylsu^phonic  acids ^  CijH^CSO^H)  and  CjjHgCSOjHj),  are 
formed  by  heating  diphenyl  with  strong  sulphuric  acid,  the  former,  how- 
ever, only  when  a  very  small  quantity  of  sulphuric  acid  is  used.  The 
disulpho-acld  crystallizes  in  long  deliquescent  prisms,  melting  at  72.5©  C. 
(161.6©  F.).  These  acids  fused  with  potash  yield  the  corresponding  phe- 
nols, C„Hj(OH)  and  C„H8(0U),. 

Hydrocarbons,  CjjHi, : — 

Phenyl-tolyl,  CgHj.CjH^.CHj,  is  formed  by  the  action  of  sodium  on  a 
mixture  of  bromobenzene  and  parabromo toluene  diluted  with  ether.  It  is 
a  colorless  liquid  of  specific  gravity  1.015  at  27©  (80.6©  F.),  boiling  at 
263Q-267©  C.  (505.40-612-6©  F.),  solidifying  in  a  freezing  mixture. 

Diphenylmethane,  C^H^g  =:  GfHg.CHf.C^Hs  {Benzyl-benzene) ,  is  ob- 
tained by  heating  a  mixture  of  benzene  (6  parts)  and  benzyl  chloride  (10 
parts)  with  zinc-idust  (3  or  4  parts)  in  a  vessel  with  reversed  condenser. 
Colorless  crystalline  mass  made  up  of  needles,  and  having  an  odor  of 
oranges ;  melts  at  260^27© C.  (78. 80-80. 6©  F.),  boils  at261©-262©C.  (501.8©- 
503.6©  F.);  dissolves  easily  in  alcohol  and  ether.  Passed  through  a  red- 
hot  tube  it  yields  diphenylene-methane,  CijHig.  -Chromic  acid  mixture 
oxidizes  it  to  diphenyl  ketone,  C0(CgHg)2.  It  dissolves  in  strong  nitric 
acid,  forming  two  dinitro-derivatives. 

Diphenyl-chloromethane^  CjHj — CHCl — CgHj,  formed  by  the  action  of  HCl 
on  benzhydrol  (p.  940),  is  a  crystalline  mass  melting  at  14©  C.  (57.2P  F.). 

Hydrocarbons,  Cj^Hj^ : — 

C5H4.CH3 
Ditolyl,    I  ,  produced  by  the  action  of  sodium  on  parabromoto- 

CjH^.CH, 
luene,  forms  monoclinic  crystals,  easily  soluble  in  hot  alcohol,  melting  at 
121©  C.  (249.8©  F.). 

Dibenzyl,  =  C^Hs.CH^.CTIj.CgH^,  formed  by  the  action  of  sodium  on 
Inmzyl  chloride,  and  by  heating  stilbene,  tolane,  benzoin,  deoxybenzoi'n,  or 
toluylene  hydrate,  with  hydriodio  acid,  crvstallizes  in  large  colorless 
prisma,  melts  at  52f^C.  (125.6©  F.),  boils  at  284©  C.  (543.2©  F.);  dissolves 
easily  in  hot  alcohol.  Heated  to  500©  C.  (932©  F.)  it  yields  stilbene  and 
toluene :  ^iCy^^'E^^  =  Cj^H^  +  2£^B.^. 

Diphenyl- ethane,  C,4H,4=s  (C8H5),CH — OH,,  is  formed  by  the  action 
of  sulphuric  acid  on  a  mixture  of  paraldehyde  and  benzene  f2r^H<,4- 
CH.O  — H,0  =  C,4H^0.  Colorless  liquid,  boiling:  at  268©-270©  0.  (514.4©- 
518©  F.),  Bolidifyinp:  in  a  freezing  mixture :  oxidized  by  chromic  acid  mix- 
ture to  benzophenone. 

A  mixture  of  2  mol.  benzene  and  1  mol.  chloral  or  bromal  with  strong 
snlnhnnc  acid,  yields  in  like  manner,  diphen  vl  triohlorethane, 
fC«HO,CH— CCl,  (colorless  lamin»  meltine  at  64©  C,  147.2©  F.),  or  di- 
nhenyltribromethane,  (CflH.),CH — CBr^  (monoclinic  crystals,  m. p. 
89©  C,  192.2©  F.).  A  mixture  of  benzene  and  dichlorethylic  oxide, 
(r,n,Cl),0,  similarly  treated,  yields  dtphen}/I-monochlorethane,  (CjH5),CH— 
CHjCl,  as  an  oil  which  decomposes  when  distilled. 
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Benxyl-tolne&e,  Ci^H,^  :=  CsH^.CH^.C^H^.CH,,  formed  bj  passing  the 
Tapors  of  paraphen/l-tolyl  ketone,  C^Hj.CO.CjH^CCH,),  over  heated  iino- 
dust,  is  a  colorless  Uquid  boiling  at  2b50-.28(iO  C.  (5450-^6.80  F.),  not 
solidifying  at  — 20©  C.  (— 40  F.). 

Hydrocarbons,  CuHjg : — 

Ditolyl-methane,  ^6H4<Cch! C  H CH  '  *<''™^  ^y  *^®  action  of 

sulphuric  -acid  on  a  mixture  of  methylal,  CH^COCH,),  (p.  500),  toluene, 


C.  (327.20  F.). 


Dibenzyl- methane,  CcHg.CH^.CH^.CgHg,  from  dibenzyl  ketone  bj  heat- 
ing with  HI  and  phosphorus,  is  a  non-solicUfiable  liquid,  boiling  at  29UO. 
300O  C.  (5540-5720  F.). 

Benzyl-ethyl-benzene,  CgHg.CH^.C^H^.CjHj,  from  benzyl  chloride  and 
benzene,  is  a  colorless  liquid  boiling  at  2940-2950  C.  (561.20-5630  F.). 

Bthyl-benaEene-toluene  or  Phenyltolyl-ethane, 
CHvCH<^«[J*'^^»  ,  formed  by  heating  bromethyf-benzene  (p.  827)  and 
toluene  withzmc-dust,  is  a  liquid  boiling  at  278Q-280O  C.  (532.4P-53eOF.)- 

Hydrocarbons,  Ci^Hig : — 

Ditolyle thane,  CH, — CH (0^114. CH,),,  obtained,  like  diphenyl-ethane, 
from  paraldehyde,  toluene,  and  sulphuric  acid,  is  a  liquid,  boiling  at2950. 
2080  c.  (5630-568.40  F.),  not  solidifying  at  — 2()0  C.  (—40  F.). 

Similarly,  by  the  use  of  chloral  instead  of  paraldehyde,  is  obtained 
CCI3— CIUCeH^.CHg),,  in  crystals  melting  at  SiP  C.  (192.20  F.)  ;  and  with 
dichlorethylic  oxide,  CH,Cl— CHCCgH^.CH,). 

C.Hg.CH.CH, 
Diphenyldlmethylethane,  I  ,  obtained  by  the  action  of 

CgHj.CH.CHg 
sodium  on  secondary  phenyl-ethyl  chloride,  C-H..CHC1.CH.  (p.  882),  forms 
needles  melting  at  123.50  C.  (254.3©  F.). 


C  H 
Diphenylene-methane  or  Plnorene,  C,sn,o=  l""   ^'^CH,,  is  formed 

C  H  ^^''^ 
by  heating  diphenylene  ketone  with  zinc-dust  or  with  hvdriodic  acid  and 
amorphous  phosphorus  to  I6OO  c.  (3200  F.),  also  by  pas'sing  the  vapor  of 
diphenyl-methane  through  a  red-hot  tube.  It  is  contained  in  the  portion 
of  coal-tar  oil  boiling  at  30CO-305O  C.  (572Q-5810  F.).  It  crvstalliies 
from  hot  alcohol  in  colorless  laminfB,  exhibiting  a  beautiful  violet  flnor- 
escence  ;  melts  at  II2O-I130  C.  (233.GO-235.40  F.),  boils  at  305©  C.  (5810 
t,)  ;  unites  with  picric  acid,  forminc:  a  c/>mpound  which  crvstAllizes  in  red 
needles  melting  at  80Q-82O  C.  (17eo_i79.60  F.).  Bv  oxldition  with  chro- 
mic acid  mixture  it  yields  diphenylene-ketone,  CO(CeH,— C.H^). 

piphenyl-bensene,  C,gH,4  =  C«H,(C«H5)„  is  formed  by  the  action  of 
sodium  on  a  mixture  of  bromobenzene  and  paradibromobenzene,  and,  to- 
gether with  an  isomeric  compound,  by  passing  a  mixture  of  diphenyl  and 
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benzene  through  red-hot  tubes  :  hence  these  two  isomeric  compounds  are 
obtained,  as  secondary  products,  in  the  preparation  of  dipheuyl. — Diplie- 
nylbenzene  forms  groups  of  needles  slightly  soluble  in  hot  alcohol  and 
ether,  melting  at  205©  C.  (401O  F.),  subliming  easily  and  boiling  at  4(HK5 
C.  (7520  F,).  By  chromic  anhydride  and  glacial  acetic  acid  it  is  oxidized 
to  diphenylcarbonic,  and  afterwards  to  terephthalic  acid. — hodiphenyl  ben- 
zene melts  at  85©  C.  (185°  F.),  and  boils  at  about  360O  C.  (080^  F.). 

Triphenyl-me thane,  C,gH,g  =  CgH5 — ^CHCCgHj),,  is  formed  by  heating 
benzal  chloride  to  151P  C.  (302O  F.)  with  mercury -diphenyl : 

CeH,.CHCl,    +     (C«H5),Hg    =    HgCl,    +     C.lIj-CHCCeHj), ; 

also  by  heating  benzhydrol  (p.  940)  with  benzene  and  phosphoric  anhy- 
dride to  140O  C.  (2840  F.). 

(CeH5),Cn.0H    +     Cell^    =     (.C^lAd',^ll{C^n^)^    +     11,0. 

Shining  lamina,  melting  at  92©  C.  (197.60  F.),  boiling  at  about  360O  C. 
(t)8t>0  F.).  ^7  bromine  and  water  it  is  converted  into  triphenyl  carbinol, 
which  melts  at  1570  C.  (314.60  F.). 

Tolyl-diphenyl-methane,  C^Hig  «=  (C6U5),CH — CgH^ — CH,,  prepared, 
like  tlie  preceding,  from  benzhydrol  and  toluene,  is  a  colorless  liquid  of 
high  boiling  point. 


Triphenyl-benzene,  0,4 H,8  =  CjHgCC^Hj),,  obtained  by  heating  aceto- 
phenone  (p.  892)  with  pliosphorio  anhydride,  forms  large  rhombic  crys- 
tals, melts  at  1G90  c.  (336.20  F.),  boils  above  360O  C.  (6800  p.),  dissolves 
easily  in  alcohol  and  in  benzene. 

Tetraphenyl-ethane,  C.^H„  ==  (CgH5)jCH — CH(,CelL)„  obtained  by  the 
action  of  zinc  on  a  solution  of  benzhydrol,  C^Ug.CHOH.CgH^,  mixed  with 
fuming  hydrochloric  acid,  forms  large  prisms  melting  at  209O  C.  (408.20 
F.). 


Ethene-derivatives. 

Diphenyl-ethene,  C^^Hj,. — Of  this  hydrocarbon  there  are  two  modifi- 
cations, symmetrical  and  uusymmetrical. 

1.  Stilbene  or  Toluylene,  CaHg— ('H— CII— C^Hj,  is  formed  in  a 
variety  of  reactions,  especially  by  dry  distillation  of  benzyl  sulphide  or 
disulphide  (p.  882)  ;  by  the  action  of  sodium  on  benzaldehyde  or  bonzal 
chloride;  and  by  passing  the  vapor  of  dibenzyl  or  of  toluene  over  heated 
lead  oxide.     It  is  most  easily  obtained  from  benzyl  sulphide. 

Stilbene  crystallizes  in  large  laminse,  dissolves  easily  in  hot  alcohol, 
melts  at  1250  C.  (2570  F.),  distils  at  306O-307O  C.  (582.80-584.60  F.). 
By  heating  with  hydriodic  acid  it  is  converted  into  dibenzyl ;  by  oxidation 
with  chromic  acid  mixture  into  benzaldehyde  and  benzoic  acid.  It  unites 
with  bromine,  forming  Ci^HuBrj  (crystals,  melting  at  230O  C,  4460  F.), 
which  is  also  produced  by  the  action  of  bromine,  without  cooling,  on 
dibenzyl.  By  alcoholic  potash  this  bromide  is  converted  into  bromoatil- 
bene,  CjjHjiBr  (crystals,  m.  p.  250  C.,  770  F.),  and  tolane. 

2.  Isostilbene,  CHjiriC (0,115)2,  unsymmetric  diphenyhthene^  obtained  by 
boiling  diphenyl-monochlorethane  (p.  935)  with  alcoholic  potash,  is  a 
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colorless  non-solidifying  oil,  which  hoils  at  277^  C.  (530.60  F.)f  And  is 
converted  by  oxidation  into  diphenyl-ketone. 

Tetraphenylethene,  C^H^o  =  (CeH5),C— CCCeH^),,  obtoined  by  the 
action  of  finely  divided  silver  on  benzophenone  chloride,  and,  together 
with  diphenyl-methane,  and  other  hydrocarbons,  by  heating  benzophe- 
none with  zinc-dust,  is  a  white  crystalline  powder,  melting  at  221^  C. 
(429. 80  F.),  sparingly  soluble  in  alcohol  and  ether,  easily  in  benxene. 


Tolane,  CuHio  :=  Cgllj — C~C — CjHj,  Diphenyl  acetylene,  obtained  by 
boiling  stilbene  bromide  with  alcoholic  potash,  forms  large  crystals,  melt- 
ing at  60O  C.  (140O  F.),  easily  soluble  in  alcohol  and  ether.  It  forms  two 
dibromides,  C,JI,oBrj  (m.  p.  64P  C,  147.20  F.,  and  2000-2050  C.,  392cu 
40 lo  F.),  easily  convertible  one  into  the  other;  and  two  dichloridea  (m. 
p.  630  and  1530  C,  145.4P-307.4O  F.). 


Phenols, 

Ozydiphenyl  or  Diphenylol,  Ci^H^.OH  a=  CeH^ — CeH^.OH,  is  formed 
by  fusing  the  i>otas8ium  salt  of  diphenylsulphonic  acid,  Ci,U^.SO,U,  with 
potassium  liydroxide,  and  by  the  action  of  potassium  nitrite  on  amidodi- 
phenyl  sulphate.  Colorless  monoclinic  crystals ;  melts  at  164P-1650  C. 
(327.20-3290  F.),  boils  at  305O-308O  C.  (5810-ri86.40  F.)  ;  volatilizes  with 
vapor  of  water  ;  dissolves  easily  in  alcohol,  ether,  and  alkalies  ;  and  with 
fine  green  color  in  strong  sulphuric  acid. 

Diozy diphenyl  or  Dlphenol,  CuHgCOH),  =  C«H4(OH).C8H4(OH),  is 
formed  by  the  action  of  melting  potash  on  ^potassium  diphenyl-parasnl- 
phonate  ;  also  from  benzidine  by  the  diazo-reaction  ;  and  by  fusing  potas- 
sium paraph enol-sulphon ate  with  alkalies.  Colorless  rhombic  crystals, 
melting  at  1500-1580  0.  (312.80-31G.40  F.).  An  isomeric  compound,  which 
crystallizes  from  alcohol  in  shining  needles  melting  at  2690-271IO  c. 
(r)lG.20  51 80  F.),  is  formed  by  the  action  of  melting  potash  on  potassium 
diplienyl-disulphonate. 

9d^4V 

Diphenylene  Oxide,  CtjUgO  =  ^0»  formed  by  heating  phenyl 

phoBjihate  with  lime,  or  more  readily  by  heating  phenol  with  lead  oxide, 
crystallizes  in  laminaB,  melts  at  810  C.  (177.80  F.),  and  boils  at  2730  C. 
(523.40  F.). 

Hezoxydiphenyl,  C„H,oOe  sss  C,,H4(0H)a,  is  formed  from  its  tetrame- 
thylic  ether  (liydrocoerulignone)  by  the  action  of  strong  hydrochloric  or 
hydriodic  acid  : 

CuH4(OH),(OCHj,)4    +    4HC1    =    4CH8C1    +    C^H/OH), . 

It  crystallizes  from  water  in  silvery  lamin»  ;  dissolves  in  potash-lye  with 
fine  blue-violet  color  ;  is  converted  by  acetyl  chloride  into  a  hexacetyl 
compound  ;  and  reduced  by  heating  with  zinc-dust  to  diphenyl. 

HydrooG»mlie;none,  CjjH^I  roH)  '  ^  formed  from  coerulignone  by 
the  action  of  tin  and  hydrochloric  a^id.    It  crjrstallizefl  from  alcohol  in 
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colorless  laminse,  melts  at  190O  C.  (374^  F.)  and  distils  almost  without 
decomposition.  It  is  a  diatomic  phenol,  and  is  resolved  by  HCl  or  HI  into 
CiI,Cl  and  hexoxydiphenyl. 

CoBrulignone,  C^fiyfi^  ^  CuH^  4  >q ^c* ,  separates  as  a  violet  pow- 
der in  the  industrial  purification  of  crude  wood-vinegar  by  means  of 
potassium  dichromate,  and  is  obtained  by  the  same  means  from  the  frac- 
tion of  beech-tar  boiling  at  270O  C.  (5180  F.).  It  is  insoluble  in  most 
solvents,  but  dissolves  in  strong  sulphuric  acid  with  a  fine  corn-flower  blue 
color,  changing  for  a  while  to  red  on  addition  of  a  large  quantity  of  water ; 
also  in  phenol,  from  which  it  is  precipitated  by  alcohol  and  ether  in  slender 
steel-blue  needles.  By  reduction  with  tin  and  hydrochloric  acid,  it  is 
converted  into  colorless  hydrocoBrulignone,  C,gHipOj,  which  is  reconverted 
into  C/OBrulignone  by  oxidation,  the  two  bodies  being  indeed  related  to  one 
another  i^  the  same  manner  as  quiuone  and  hydroquinone. 

Dithymozyl-txiohlor ethane,*  CClj, — CHCCioHjjOH),,  is  formed  when 
sulphuric  acid  diluted  with  ^  vol.  of  glacial  a^^etic  acid  is  added  to  a  cooled 
mixture  of  1  mol.  chloral  and  2  mol.  thymol : 

CCI3--CHO    +    2C,oHi30H    ==    H,0    +     CClj— CH(C,oH„OH), . 

A  white  precipitate  is  then  formed,  the  alcoholic  solution  of  which  yields 
tho  compound  in  white  monoclinic  crystals. 

Dithymoxyl-trichlore thane  is  a  diatomic  phenol,  and  when  treated  with 
CjH^OCl  or  C7H5OCI,  exchanges  its  two  phenolic  hydrogens  for  acetyl  or 
benzoyl.  By  strong  oxidizing  agents  it  is  converted  into  thymoquinonc. 
Heated  with  zinc-dust,  it  exchanges  its  chlorine  for  hydrogen,  forming 
dithymoxylethane,  CjjjHg^Oj,  part  of  which  is  converted  by  loss  of  H,  into 
dithymoxyletheue,  C22H28OJ,. 

Dithymoxylethane,  CH, — CH(CiqHijOH)„  crystallizes  in  rounded 
plates,  molting  at  180O  C.  (356^  F.),  soluble  inmost  of  the  usual  solvents, 
except  water. 

D  i  t  h  y"m  oxylethene,  CH,~C(CiqHi20H)  j,  forms  needle-shaped  crys- 
tals, melting  at  17HO-1710  C.  (3380-339.80  F.),  insoluble  in  water,  rather 
more  soluble  than  the  preceding  in  other  solvents.  Treated  with  weak 
oxidizing  agents,  as  with  potassium  ferrocyanide  in  dilute  alcoholic  solu- 
tion, it  forms  green  crystals,  C^Hj^O^,  melting  at  214P-2150  C.  (417.20- 
4190  F.),  soluble  in  toluene  and  in  chloroform ;  but  if  the  solution  be  pre- 
viously rendered  alkaline,  a  red  precipitate  is  formed,  which  dissolves  in 
chloroform  and  separates  therefrom  in  red  crystals,  melting  at  2150  C. 
(4190  F.),  and  having  the  composition  CjjHjgOg. 

A  mixture  of  dithymoxyletheue  and  the  red  crystals  dissolved  in  chlo- 
roform deposits,  on  evaporation,  the  above-described  green  needles : 
CjjH^O,  -|-  Cj^Hj^O,  =  C44HJ4O4.  Hence  it  appears  that  dithymoxylethene 
and  the  two  products  of  its  oxidation  are  related  to  one  another  in  the 
same  manner  as  hydroquinone,  quinhydrone,  and  qiiinone,  thus : 

Dithymoxylethene.        Dithymoxyl-quinhydronethene.  Dithymoxyl- 

quinoncthene. 

♦  This  compound,  and  those  which  follow  It,  were  discovered  by  Dr.  E.  .T&ger 
(DeuiMch.  Chem.  Get.  Ber.  1874,  1197  }  Chem  Soc.  .Tourn.  1877,  2tt2),  who  deaignfitoa 
them,  not  as  thymoxyKcompounds,  but  as  thymyl-compouuds ;  but  the  n«me  "dl- 
thyraylethnne"  belongs  properly,  not  to  a  phenol,  but  to  the  hydrocarbon  CmiHin 
n  OHs— CH<OioHti)»  homologous  with  dipheuyl-ethane  and  dltolyl-ethane ;  and  so 
of  the  rest. 
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Alcohols. 

BensEhydrol,  C,jHi,0 =0,11^— ^n(On)— C^Hj,  is  obtained  bj  the  action 
of  sodium -amalgam  on  a  solution  of  benzophenone  in  dilute  alcohol.  It 
crystallizes  in  needles,  melts  at  680  C.  (154.40  F.),  and  boils  at  2980  C. 
(5(58.4^  F.),  with  partial  decomposition  into  water  and  benihydrolic 
ether,   [(CgHj^^CHJjO. 

Toluylene   Hydrate  or  StUbene  Hydrate,    Ci^Hj^O  =  C«H(.CH,. 

CH(01i).CeH3,  is  formed  by  the  action  of  sodium-amalgam  on  deoxy benzoin, 
Ci4 11,20  (p.  942),  and  by  heating  deoxy benzoin  or  hydrobenzoin  with  alco- 
holic potash.  Long,  slonder,  brittle  needles,  having  a  vitreous  lustre, 
melting  at  62PC.  (143.()0  F.)  ;  insoluble  in  water,  easily  soluble  in  alcohol 
and  ether.  Resolved  by  boiling  with  dilute  sulphuric  acid  into  stilbene 
and  water :  oxidized  by  nitric  acid  to  deoxy  benzoin ;  reduced  t>y  HI  to 
di benzyl.  With  acetyl  chloride,  it  forms  toluylene  acetate,  C^^Hq. 
O.CjUgO,  which  is  a  viscid  liquid. 

Dimethyl  benzhydrol,  CigH^sO  =  CHOH(CeH^.CHj)a,  obUined  by  the 
action  of  sodium-amalgam  on  ditolylketone  in  alcoholic  solution  forms 
slender  needles  melting  at  690C.  (156.2P  F.). 

Triphenyl  -carblnol  CiglligO  =  (CeHj)3C(0H) ,  from  triphenyl-methane 
by  oxidation  with  chromic  acid  mixture,  forms  monoclinic  crystals,  melts 
at  1570  C.  (314.60  F.),  boils  without  decomposition  above  3(J0O  C.  {6HJP 
F.).  Its  solution  in  benzene  heated  with  F^O^  yields  triphenyl-methane 
and  dibenzyl. 

Tolylene  Ghlycols,  Ci^IIi^O,. — ^Two  diatomic  alcohols  of  this  Ccimposi- 
tion,  called  Uydrobenzoin  and  Isohy drobeuzoi'n,  are  formed  by 
the  action  of  zinc  and  hydrochloric  acid  on  benzaldehyde  ;  also  by  that  of 
sodium-amalgam  on  the  same  compound  in  alcoholic  solution.  By  oxida- 
tion with  chromic  acid  mixture  both  of  them  are  converted  into  benzalde- 
hyde and  benzoic  acid  :  consequently  they  must  be  represented  by  the 
formulsB : 

Cen3.CII.OH  Cell^CCOII), 

I  and  I 

CJlj.Cn.OH  CeHj.CH, 

Now  one  of  them  (hydrobenzoin)  is  the  solo  product  of  the  action  of  so- 
dium-amalgam on  benzil,  CgH^— -CO — CO — CgH^ :  this,  therefore,  must  be 
represented  by  the  left  hand  or  symmetrical  formula ;  and  isohydrobenzoin, 
if  not  a  mere  physical  modification,  by  the  unsymmetrical  formula.  By 
the  action  of  FBrj,  both  compounds  are  converted  into  tolylene  dibromide, 
C.HeBr,. 

Hydro  benzoin  is  sparingly  soluble  in  water,  easily  in  alcohol,  and 
crystallizes  in  largo  rhombic  plates,  melting  at  132.50  C.  (270.50  F.),  and 
subliming  without  decomposition.  By  heating  with  strong  nitric  acid  it  is 
converted  into  benzoin.  Its  acetylic  ether,  C,4Hi,(0C,H,0)j,  forms  large 
prisms  melting  at  1330^1340  C.  (271 .40-273. 20  F.). 

Isohydrobenzoin  crystallizes  from  water  in  long,  shining,  four- 
sided  hydrated  prisms,  which  effloresce  on  exposure  to  the  air ;  from  alco- 
hol in  anhydrous  monoclinic  prisms.  It  melts  at  119. 50  C.  (247.10  F.), 
is  more  soluble  in  alcohol  than  hydrobenzoin ;  is  not  converted  into  benzoin 
by  nitric  ncUX. 
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Fluorenyl  Alcohol,   C13H1QO  s=s    |        ^CH.OH ,  produced  by  the 

action  of  sodium-amalgam  on  an  alcoholic  solution  of  diphenylene  ketone, 
forms  colorless  hexagonal  laminsB,  melting  at  153^  C.  (307.4P  F.). 


Ketones. 

Dlphenyl  Ketone  or  Benzophenone,  CgHg.CO.C^H,,  is  formed  by 
oxidation  of  dipheuyl-methaue  and  diphenyl-ethane  (p.  564)  with  chromic 
acid  mixture ;  by  heating  mercury-diphenyl  (p.  845)  with  benzoyl 
chloride ;  and  most  readily  (together  with  benzene)  by  distillation  of 
calcium  benzoate.  It  usually  crystallizes  in  large  rhombic  prisms  melting 
at  48Q-490  C.  (118.4Q-120.2O  F.),  sometimes  also  in  rhombohedrons  melt- 
ing at  270  C.  (80.60  F.)  ;  the  latter  modification  is  converted  on  standing 
into  the  former.  It  has  an  aromatic  odor,  boils  at  2950  C.  (563^  F.))  dis- 
solves easily  in  alcohol.  Treated  with  PCI5,  it  is  converted  into  benzophe- 
nonic  chloride,  (CeH5)jCCl,,  a  liquid  boiling  at  about  300O  C.  (5720  F.). 
So<lium-amalgam  converts  it  into  benzhydrol  (p.  940). 

Fhenyl-tolyl  Ketone,  Ci^HjjO  a=s  CeHj.CO.CeH^CCHa),  is  obtained  in 
two  modifications  by  oxidation  of  benzyl-toluene ;  by  heating  a  mixture 
of  benzoic  acid  and  toluene  with  P^Og ;  by  heating  a  mixture  of  calcium 
benzoate  and  paratoluate  ;  and  by  heating  benzyl  chloride  and  toluene 
with  zinc-dust.  The  a-compound  (para)  exists  in  two  dimorphous  modifi- 
cations—one, hexagonal,  melting  at  550  C.  (1310  F.)  ;  the  other,  mono- 
clinic,  melting  at  59O-60O  C.  (138.20-1400  F.).  Boiling  point,  310Q-312O 
C.  (5900-593.60  F.).  Heated  with  soda-lime  it  yields  benzene  and  para- 
toluic  acid.  The  /^-compound,  which  is  liquid,  has  not  been  obtained 
pure.  By  distillation  with  zinc-dust,  it  yields  anthracene ;  with  lead 
oxide,  anthraquinone :  the  A-compound  does  not  yield  these  products. 

Dltolyl  Ketone,  COiC^U^.CU^)^J  forms  rhombic  crystals  melting  at 
950  C.  (203O  F.). 

Dibenzyl  E^etone,  CO(CHg.C0H5)„  obtained  by  distillation  of  calcium 
fl-toluate,  forms  colorless  crystals,  m.  p.  30O  C.  (860  F-),  b.  p.  3200^3210 
C.  (6080-609.80  F.);  yields  by  oxidation  benzoic  and  carbonic  acids. 

I        ,  obtained  by  heating  di- 

phonic  acid  or  phenyl-benzoic  acid  (p.  942)  with  lime,  also  by  oxidizing 
fluorene  with  chromic  acid  mixture,  forms  large  yellow  rhombic  crystals, 
melts  at  840  C.  (183.20  F.),  boils  at  3360-3380  C.  (636.80-639.60  i?.);  is 
converted  by  reducing  agents  into  fluorene,  by  fusion  with  potash  into 
phenyl-benzoic  acid. 

Benzoin,  C,,H,^02  =  C8H,.C0.CH(0H).CeHs,  formed  by  heating  hydro- 
bonzoin  with  nitric  acid  (specific  gravity  1.4),  and  by  mixing  bitter-almond 
oil  with  a  concentrated  alcoholic  solution  of  potassium  ovanide,  crystal- 
lizes in  shining  prisms  melting  at  1330-134P  C.  (271.4O-i273.20  p.);  dis- 
solves sparingly  in  water  and  in  cold  alcohol  or  ether,  freely  in  hot  alco- 
hol. Converted  by  chromic  acid  mixture  into  benzaldehyde  and  benzoic 
acid  ;  by  heating  with  fuming  hydriodic  acid  into  dibenzyl ;  by  heating 
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with  alcoholic  potash,  into  hydrobenzoin  and  benzile,  together  with  ben- 
zylic  acid,  benzoic  acid,  and  other  products  : 

Benzoin.  Hydrobenzoin.  Benzile. 

With  acetyl  chloride  it  yields  acetyl-benzoin,  Ci4Hi|(CjH,0)0^ 
wliich  forms  crystals  melting  at  750  C.  (1670  F.). 

Deozybenzoln,  or  Phenyl-benzyl  Ketone,  Cj^HjjO  =  C^U^.CO. 
CHj(Gell5),  is  formed  by  the  action  of  zinc  and  hydrochloric  acid  on  ben- 
zoin and  chlorobenzile  ;  by  heating  monobromostilbeue  with  water  to  ISCP- 
190O  C.  (35GQ-3740  F.),  and  by  distillation  of  a  mixture  of  benzoate  and 
A-toluate  of  calcium : 

CeU5.CO.OH   +   Cgng.CHj.CO.OH   =   CO,  +  H,0  +  CeHs.CO.CHaCgHs . 

It  crystallizes  from  alcohol  in  large  plates  melting  at  550  C.  (1310  P.); 
sublimes  without  decomposition  ;  is  converted  by  s>odium -amalgam  into 
toluylene  hydrate  (p.  940;,  by  PCl^  into  monochlorotoluylene,  and  by  heat^ 
ing  with  hydriodic  acid  into  benzile. 

Benzile,  C^HiqO,  ==  CgH5CO.CO.CjH5  {Dibenzoyl),  is  formed  by  oxida- 
tion of  benzoin  with  nitric  acid  or  chlorine ;  and,  together  with  stilbene, 
by  heating  stilbene  bromide  with  water  and  silver  oxide.  It  crystallizes 
in  large  six-sided  prisms,  melting  at  9G0  C.  (194^  F.),  insoluble  in  water, 
soluble  in  alcohol  and  ether.  By  oxidation  with  chromic  acid  mixture,  it 
is  converted  into  benzoic  acid ;  by  nascent  hydrogen  (zinc  and  IICI,  or 
iron  filings  and  acetic  acid)  into  benzoin  ;  by  heating  with  PCI5  into  b  e  n- 
zile  chloride,  Cj^HjoGljO,  or  CgH5.CCl2.CO.CgU5,  which  crystallizes  in 
rhombic  prisms  melting  at  71^  C.  (159. 80  F.),  and  is  converted  by  zinc 
and  HCl  into  deoxybenzoin.  Benzile  and  its  chloride,  heated  to  20(P  C. 
(3920  F.)  with  PCI5,  yield  tolane  tetrachloride,  Ci^HjgCli. 


Acids . 

Diphenyloarbonlo  Acid,  C,3H,oO,  =  CgHj.CgH^.CO.H  (1  :  1),  is  pro- 

diic«-d  by  heating  cyanodiphenyl,  C,jH9(CiS),  with  alcoholic  potash  (p. 
9:^),  or  by  oxidizing  diphenyl-benzene  (p.  936)  dissolved  in  glacial  acetic 
acid  with  chromic  anhydride.  It  crystallizes  from  alcohol  in  tufts  of 
needles  ;  melts  at  2180-2190  C.  (424.4C-42(J.20  F.);  is  converted  by  heat- 
ing with  lime  into  diphenyl,  and  by  oxidation  with  chromic  acid  into  tere- 
phthalic  acid. 

Phenyl-benzoic  acid,  C.^HioO,  =.  CgHj.CgH^.CO.H  (?  1  :  2),  pro- 
duced bv  the  action  of  melting  potash  on  diphenylene  ketone  (p.  -941) 
forms  ramified  crystals,  melting  at  llOO-lllO  C.  (23CO-231.80  F.);  rtjcon- 
verted  into  diphenylene  ketone  by  heating  with  lime. 

Diphenyl-dicarbonio  Acid,  C„n,oO,  =  C„H,(C02H),  (jntra),  from 
dicyanodiphenyl,  CijU„(CN).^,  is  a  white  amorphous  powder,  insoluble  in 
alcohol  and  ether,  neither  fusible  nor  sublimable.  Heated  with  lime  it 
yields  diphenvl.  Its  barium  and  calcium  salts  are  nearly  insoluble  in 
water.     The  diethylio  ether  melts  at  1120  C.  (233.60  F.). 

Diphenic  acid,  isomeric  with  the  last,  is  formed  by  oxidation  of  phonan- 
tbrene  or  phenanthrene-quinone  with  chromic  acid  mixture.  It  melts  at 
22()0  C,  (438. 80F.),  publimes  in  needles,  dissolves  vf»ry  aa-sily  in  aUohol 
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and  ether.  The  harinm  and  calcium  salts  are  easily  soluble  in  water ;  the 
dieth/lic  ether  is  liquid. 

Dlphenylacetic  Acid,  C^HiaO,  =  (CeH4)3CH.CO.OH,  is  formed  hy 
heating  benzilic  acid  with  hydriodic  acid  to  l50O  C.  (3U20  F.),  and  hy 
heating  a  mixture  of  phenyl-bromacetic  acid  and  benzene  with  zinc-dust : 

CJIj.CHBr.COjH    +     CgH,    =    HBr    +     (C6H5),CH.C02H  . 

It  crystallizes  from  water  in  slender  needles,  from  alcohol  in  lamins,  and 
melts  at  146^  C.  (294.80F.);  is  converted  by  chromic  acid  mixture  into 
diphenyl  ketone  ;  by  heating  with  soda-lime  into  diphenyl-methane. 

Diphenyl-glycoUio  or  Benzilio  Acid,  C^Hj^O,  =  (CeH5)jC(0H). 
CO^H,  is  formed  by  pa.ssing  bromine-vapor  into  diphenyl-acetic  acid,  and 
boiling  the  product  with  water ;  also  by  heating  benzile  with  alcoholic 
potash  (not  in  excess)  ;  in  this  reaction,  a  transposition  of  atoms  must 
take  place.  It  crystallizes  in  shining  needles  or  prisms,  easily  soluble  in 
hot  water  and  in  alcohol ;  melU  at  15tP  C.  (302O  F.),  turning  red  at  the 
same  time.  It  dissolves  with  dark  red  color  in  sulphuric  acid.  By  heat- 
ing with  HI,  it  is  converted  into  diphenyl-acetic  acid  ;  by  oxidation  into 
diphenyl  ketone ;  by  distillation  of  its  barium  salts  into  benzhydrol  (p. 
94U). 

Benaoyl-benzolc  Aclda,  C^4H,o08=  CcHvCO.CeH^.CO^H.— The  para- 
modification  is  formed  by  oxidation  of  solid  phenyltolyl  ki  tune,  jwara-ben- 
zyl-benzoic  acid,  benzyl-toluene,  benzylethyl-benzene,  and  ethylbenzyl- 
toluene  (p.  930),  with  chromic  acid  mixture.  It  sublimes  in  laminae, 
resembling  benzoic  acid,  and  melts  at  1940  C.  (381.20  F.).  The  ortho- 
modification,  from  liquid  phenyl-tolyl  ketone,  crystallizes  from  hot  water 
in  needles  or  prisms  containing  IHgO.  The  crystals  melt  at  850-870  C. 
(185Q-188.60  F.)  ;  the  anhydrous  acid  at  1270-1280  C.  (260.0Cl.2G2.4P 
F.). 

Benzhydryl-benzoicacids,C<,H5.CH.(OH).C€H4.COjH.— The;)ara- 
aoid,  formed  by  the  action  of  nascent  hydrogen  on  /)ara-benzvl-benzoic  acid, 
crystallizes  in  needles,  melts  at  l(>40-lt)50  C.  (327.20-3290  p.),  and  is 
reconverted  by  oxidation  into  /Mzra-benzoylbenzoio  acid.  The  or^Ao-acid 
cannot  be  obtained  in  the  free  state,  as  on  attempting  to  prepare  it  by  the 
action  of  nascent  hydrogen  on  orMo-benzylbenzoic  acid,  it  splits  up  into 
water  and  the  anhydride  Ci^HjqOj.  This  compound  crystallizes  from 
alcohol  or  ether  in  prisms  melting  at  1150  C.  (2390  F.)  ;  is  converted  by 
oxidation  into  or/Ao-benzyl  benzoic  acid,  and  by  PCI5  into  anthraquinone 
and  chlorinated  compounds. 

Benzyl-benzoic  acid,  C„H,y02  =  CgH5.CH^.C5H^.CO,H.— The/wra- 
acid  is  obtained  by  the  prolonged  action  of  HI  and  phosphorus  at  1600-1700 
C.  (320O-338O  F.)  on  para-benzoyl- or  benzhydryl  benzoic  acid.  Laminae 
or  needles,  melting  at  157°  C.  (314.60  F.)-  The  ortAo-acid,  obtained  in 
like  manner  from  ortAo-benzoyl-benzoic  acid,  forms  slender  shining  needles, 
melting  at  1140  C.  (237.20  p.) 


NAPHTHALENE  GROUP. 


Naphthalene,  CiqIIs* — This  hydrocarbon  is  produced  in  the  decom- 
Ix>sition  of  toluene,  xylene,  and  cumene  at  a  red  heat  (p.  816)  ;  also  by 
passing  vapor  of  benzene,  cinnamene,  chrysene,  or  anthracene  through  a 
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red-hot  tube.  It  is  formed  in  large  quantities  as  a  bje-product  in  the 
preparation  of  coal-gas,  its  production  doubtless  arising  from  reactions 
similar  to  those  just  mentioned.  When  the  last  portion  of  the  volatile 
oily  product  which  passes  over  in  the  distillation  of  coal-tar  is  collected 
apart  and  left  to  stand,  a  quantity  of  solid  crystalline  matter  separates, 
which  is  principally  naphthalene.  An  additional  quantity  may  be  ob- 
tained by  pushing  the  distillation  until  the  contents  of  the  vessel  begin  to 
cliar  :  the  naphthalene  then  condenses  in  the  solid  state,  but  dark-colored 
and  very  impure.  By  simple  sublimation,  once  or  twice  repeated,  it  is 
obtained  perfectly  white. 

Naphthalene  is  formed  synthetically  from  phenyl-butylene,  CjHs.CH,. 
CHg.Cll— CU„  which  is  obtained  by  the  action  of  sodium  on  a  mixture  of 
benzyl  chloride,  CjHj.CHjCl,  and  allyl  iodide,  CH,I.CH=:CH,.  This  hy- 
drocarbon or  its  bromide  passed  through  a  red-hot  tube  filled  with  lime, 
is  resolved  into  naphthalene  and  hydrogen,  CjqH,,  a=  CjQHg  +  2Hj.  Naph- 
thalene forms  large  colorless,  transparent,  brilliant,  crystalline  plates, 
exhaling  a  faint  and  peculiar  odor.  It  melts  at  79.20  c.  (174.GO  F.)  to  a 
clear,  colorless  liquid,  which  crystallizes  on  cooling ;  boils  at  2180  C. 
(424.40  F.).  When  strongly  heated  in  the  air,  it  takes  fire,  and  burns 
with  a  red  and  very  smoky  flame.  It  is  insoluble  in  cold  water,  but  solu* 
ble  to  a  slight  degree  at  the  boiling  heat ;  alcohol  and  ether  dissolve  it 
easily  ;  a  hot  saturated  alcoholic  solution  deposits  fine  iridescent  crystals 
on  cooling.  It  unites  with  picric  add^  forming  the  compound  Ci^Hg. 
CjH3(NO,)30,  which  crystallizes  in  stellate  groups  of  needles. 

Naphthalene,  like  benzene  and  its  homologues,  forms  addition-products 
with  hydrogen  and  chlorine.  Heated  with  PUJ  to  190O  C.  (3740  F.),  or 
with  HI  and  amorphous  phosphorus  to  22(P-250O  C.  (428Q-48lO  f.),  it 
forms  the  tetrahydride,  CigHg.H^,  a  pungent  liquid  boiling  at  205^  C. 
(401OF.).  With  chlorine,  it  forma  the  compound,  CjQHg.Clj,  which  is  a 
pale  yellow  oil,  and  GiQHg.Cl^,  0,^11,01. Cl^,  and  C,qHjC1,.C14,  which  crys- 
tallizes in  monoclinic  prisms,  melting  respectively  at  1820  C.  (359. (P  F.), 
128O-130O  C.  (262.4P-2(i60  F.),  and  1720  C.  (341.00  p.). 

The  structure  of  the  naphthalene  molecule  is  deduced  by  Graebe 
(Liebig's  Annalen,  cxlix.  26)  from  the  following  considerations.  Naph- 
thalene is  converted  by  oxidation  into  phthalicor  benzene-dicar^nio  acid, 
C^\\^{QO^)^,  two  of  its  carbon-atoms  being  removed  as  carbon  dioxide, 
while  two  others  remain  in  the  form  of  carboxyl : 

CioHg    +     0,    =    CeH,(CO,H),    -t-    2C0,    +    H,0 . 

Hence  naphthalene  contains  a  benzene-residue,  CgH^,  and  may  be  repre- 
sented by  the  formula  CgH^.C^H^.  The  same  conclusion  follows  from  the 
synthesis  of  naphthalene  from  phenyl-butylene.  But  phthalic  acid  is 
likewise  produced  by  oxidation  of  diohloronaphthoquinone,  CioH^Cl^O, ; 
consequently,  this  compound  has  its  two  chlorine-atoms  and  two  oxygen- 
atoms  associated  with  the  four  carbon-atoms  which  undergo  oxidation, 
and  may  be  represented  by  the  formula  CgH4.C4CljO,.  By  the  action  of 
phosphorus  pentachloride,  the  two  oxygen-atoms  are  replaced  by  two 
chlorine-atoms,  and  at  the  same  time  one  of  the  four  hydrogen-atoms  is 
replaced  by  chlorine,  the  result  being  pentachloronaphthalcne,  CgHjCl 
(jC^VA^)^  which  is  converted  by  oxidation  into  tetrachlorophtlialic  acid, 
CgCl4(C03H)5.  In  this  reaction,  therefore,  two  of  the  carbon-atoms  belong- 
ing to  the  left-hand  group  in  the  molecule  CgH3Gl(C^Cl4)  are  removed  as 
carlwn  dioxide,  while  two  others  yield  the  two  groups  CO^H,  and  the 
roiiiaining  two,  together  with  the  four  standing  on  the  right,  form  the 
benzene-nucleus,  i\C\^,  of  tetrachlorophthalic  acid. 
These  transformations  show  that  the  molecule  of  naphthalene  is  sym- 
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metrical,  and  composed  of  two  benzene-nuclei  united  in  the  manner  repre- 
sented by  the  following  figure  :^- 


Cf)    H 


(f)  h6 


The  replacement  of  the  hydrogen-atoms  in  naphthalene  by  other  ele- 
ments and  by  compound  radicles  gives  rise  to  numerous  substitution- 
derivatives,  which  are  obtained  by  methods  similar  to  those  by  which  the 
benzene-derivatives  are  produced.  The  number  of  possible  isomerides 
among  the  naphthalene-derivatives  is,  however,  much  greater  than  those 
of  the  benzene-derivatives.  Thus,  the  mono-derivatives  of  benzene  do 
not  admit  of  isomeric  modifications,  but  in  naphthalene  the  places  1,  4,  5, 
8  (see  the  preceding  figure),  though  similar  to  each  other,  are  different 
from  the  places  2,  3,  6,  7,  which  are  likewise  similar  amongst  themselves. 
Hence,  there  will  be  two  modifications  of  each  mono-derivative  of  naphtha- 
lene (chloro-,  nitro-,  etc.).  Those  modifications  in  which  the  substituted 
radicle  occupies  the  place  1  (=s  4,  5,  or  8),  are  called  a-derivatives  ;  those 
in  which  it  is  placed  at  2,  3,  5,  or  7,  are  called  ^-derivatives.  The  di- 
derivatives,  CioH^Xj,  exhibit  ten  isomeric  modifications,  according  as  the 
substituted  radicles  are  situated :  (1)  in  the  same  beuzene-ring  (1  :  2, 
1  :  3,  1  :  4,  or  5  :  6,  5  :  7,  5  :  8,  and  2  :  3,  or  6  :  7),  secondly,  in  difl'erent 
rings  (1  :  5, 1  :  6,  1  :  7,  1  :  8,  2  :  6,  and  2:7).  The  list  of  actually  known 
modifications  is,  however,  very  incomplete.* 

Chloronaphthalenes  are  obtained  by  boiling  the  chlorides  of 
naphthalene  with  alcoholic  potash,  which  removes  HCl ;  these,  when  sub- 
jected to  the  action  of  chlorine,  also  form  addition-products  such  as 
CfHfCl.Cl, ;  and  from  these,  by  the  action  of  alcoholic  potash,  more  highly 
chlorinateid  substitution-derivatives  may  be  obtained. 

ManocklonmaphthaleneSj  CiyH^Cl. — a,  from  naphthalene  dichloride,  is  a 
liquid  boiling  at  250O  C.  (4820  F.).— ^.  By  the  action  of  PCl^  on  5-naph- 
thol.  Colorless  crystalline  mass,  m.  p.  60O  C.  (140©  p.);  b.  p.  2560-2580 
C.  (492.&0-496.40  P.). 

GjoIlgCljj  is  known  in  seven,  and  CioHjClg,  in  four  modifications.  Ci^Clg, 
the  final  product  of  the  action  of  chlorine  on  naphthalene,  forms  prisms 
melting  at  1350  C.  (2750  p.). 

Of  monobromonaphthalene,  two  modifications  are  known,  one 
formed  by  direct  bromination,  being  a  liquid  boiling  at  277^  C.  (530.60  p.); 
the  other  from  ff-naphthylamine  by  the  diazo-reaction  with  alcohol,  form- 
ing white  shining  laminae,  melting  at  680  C.  (154.40  P.). 

lodo naphthalene,  CiqH^I,  produced  by  the  action  of  iodine  on 
mercuric  naphthide,  is  an  oil  boiling  at  300O  C.  (5720  p.). 

Cy anonaphthalenes,  or  Napthyl  Cyanides,  CjqH^.CN  (a 
and  ^),  are  formed  by  distilling  the  potassium  salts  of  the  corresponding 


♦  For  the  latest  rPBenrchea  on  naphthalene  derivatives,  see  Liebermann 
f  T.lehlff'B  Annalen^  clxxxili  226),  and  Atterberg  {Deutich.  Chen,  Get.  Ber.y  1870,  pp. 
1730, 1734). 
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naphthalenesnlphonic  acids  with  potassiam  cyanide.—*.  Crystallizes  in 
needles,  melts  at  37.50  C.  (99.50  F.),  and  boils  at  297^29&0  C.  (56U.(JQ- 
5()8.40  F.).— fi.  Forms  laminsB,  melts  at  66.60  C.  (149.90  F.),  boils  at 
304O-305O  C.  (579.20-5810  F.). 

DicyanonaplUhalene8y  C,oHg(CN)2,  are  formed  in  like  manner  from  the 
naphthaloue-disulphonic   acids. — «.  Needles    melting    at    207O-2G6O    C.  | 

(512.60-514.4P  F.).— fi.  Needles  melting  at  296Q-2970  C.  (564.80-^66.60  • 

F.).  ! 

Nitrosonaphthalene,  CjqH^.NO,  is  formed  by  the  action  of  nitro- 
gen oxybromide,  NOBr  (solution  of  NO  and  Br  in  CS,  at  — 2UO  C,  — lO 
F.),  on  mercuric  naphthide : 

(CioH,),Hg    +     NOBr    =    CiqH^.NO    +     C,oH,.Hg.Br .  | 

■ 

It  separates   from   solution  in   benzone  or  light  petroh'um  in  yellow  "• 

nodules,  turning  red  in  contact  with  the  air ;  melts  at  850  C.  (1850  F.), 
and  decomposes  at  134^  C.  (273.2<^  F.).  Its  solution  in  phenol  is  colored 
blue  by  sulphuric  acid. 

Nitronap.hthalene,  CjoH-.NOj,  obtained  by  heating  a  solution  of 
naphthalene  in  glacial  acetic  acid  with  ordinary  nitric  acid  for  half  an 
hour,  crystallizes  from  alcohol  in  sulphur-yellow  prisms,  melts  at  61^  C. 
(141.8^  F.),  boils  at  304O  C.  (579.20  F.);  insoluble  in  alcohol,  ether,  and 
carbou  sulphide. 

Two  dinitronaphthalenes  are  obtained  by  boiling  naphthalene 
or  mouonitronaphthalene  with  nitric  acid  till  the  oily  liquid  which  floats 
on  the  surface  has  disappeared. — a.  Colorless  prisms  melting  at  2130  C. 
(415.40  F.).— ^.  Rhombic  plates  melting  at  170O  C.  (J380  F.). 

These  compounds,  boiled  with  fuming  nitric  acid,  yield  three  trinitro- 
naphthalenes,  boiling  respectively  at  1220,  1470,  and2160C.  (251.60, 
2D6.60,  424.40  F.)  ;  and  on  further  boiling,  two  tetranitronaphtha- 
lenes,  melting  at  200O  and  2590  C.  (3920,  408.20  F.). 

Amidonaphthalenea  or  Naphthylamlnea,  CiqTIv.NH,. — ^The  «-modi- 
fication  obtained  by  reduction  of  iiitronaphthalene,  crystallizes  in  needles 
or  prisms,  easily  soluble  in  alcohol  ;  has  a  pungent  odor  ;  melts  at  50O  C. 
(t220  F.),  and  boils  at  300O  C.  (5720  F.).  It  forms  easily  soluble  crystal- 
line salts,  the  solutions  of  which  give  with  chromic  acid  or  ferric  chloride, 
a  blue  precipitate,  quickly  changing  to  a  purple-red  powder  of  oxynapl^hyl' 
amine,  CioH^NO.  «-Xaphthylamine,  heated  with  glacial  acetic  acid,  yields 
a-Acetonaphthalide,  Q>^Q\{^.^^{Q>fifi)y  which  crystallizes  in  fine  silky  fibres, 
molting  at  1590  C.  (318.20  F.). 

&-Naphthjlamine  is  obtained  from  bromonitronaphthylamine,  which  is 
formed  by  nitration  of  bromacetonaphthalide,  CioHgBr.NU.CjIljO.  The 
amido-group  is  eliminated  by  the  action  of  nitrous  acid  and  alcohol, 
and  the  resulting  bromonitronaphthaleno  is  reduced  by  tin  and  hydro- 
chloric acid.  j^-Naphthylamine  forms  nacreous  lamins  melting  at  1120 
C.  (233.60  F.). 

Nitronaphthjlaminey  CjqHjNOj.NHj,  obtained  by  reduction  of  «-dinitro- 
naphthalene,  forms  small  red  crystals  melting  at  11S0-1190  c.  (244.40- 
24b*.20  F.).  Two  isomeric  nitronaphthylamines  melting  at  1910  and  158Q- 
1590  C.  (375. SO,  316.4O-318.20  F.)  are  formed  by  the  nitration  of  the 
acetyl-com pound,  which  melts  at  1590  C.  (318.20  p.). 

Diamidonaphthalene  or  Naphthylonediamine,  from  nitro- 
naphthylamine  (m.  p.  1910  C,  375. 80  F.),  is  converted  by  oxidation  with 
dil  uto  chromic  acid  into  naphthoquinone.  Two  other  naphthylenediaminca 
are  obtained  by  reduction  of  dinitronaphthalenes. 

The  naphthylaminos  treated  with  nitrous  acid  yield  diazo-oompoundB, 
analogous  to  those  obtained  from  aniline. 
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Diazo-amldonaphthalene,  C^oHuN,  =  CjoH^.Nj.NHCCioH,),  ob- 
tained hy  the  action  of  nitrous  acid  on  a  cold  alcoholic  solution  of  naph- 
thylamine,  forms  brown  laminse,  and  is  resolved  by  heating  with  acids  into 
naphthylamine  and  naphthol : 

CioH^.Nj.NH.CioH,    +     HgO    «    CiqH^.OH    +     CiqH^.NH,    +     N,. 

The  action  of  nitrous  acid  on  a  warm  alcoholic  solution  of  naphthylamine, 
or  of  potassium  nitrite  on  its  solution  in  hydrochloric  acid,  produces 
amidazonaphthaiene,  CjoH^.Nj.CiqH^.NH^,  metameric  with  diazo- 
amidonaphthalene,  and  analogous  to  amidazobenzene  (p.  852).  It  dis- 
solves easily  in  alcohol,  and  crystallizes  in  orange-red  needles  having  a 
green  metallic  lustre.  Its  salts  are  violet-colored.  Heated  with  naphthyl- 
amine  it  forms  a  base,  C,qH.^iN3,  analogous  to  rosaniline : 

C.oHi,N,    -f     C,oH,N    =    NH,    -f     C„H„N, . 

The  hydrochloride  of  this  base,  CmHjiNj.HCI  -|-  H^O,  forms  the  fine  red 
dye-stuflf  called  Naphihalene-red  oTMagdala-red,  It  crystallizes  in  green 
metallically  lustrous  needles,  and  dissolves  in  alcohol,  forming  a  red  solu- 
tion, which  when  dilute  exhibits  a  beautiful  fluorescence.  « 

MercuricNaphthide,  (CiQU^^^g^  produced  by  the  action  of  sodium- 
amalgam  on  a  solution  of  bromonaphthalene  in  benzene,  forms  shining 
crystals,  easily  soluble  in  hot  benzene,  sparingly  in  alcohol  and  ether.  It 
melts  at  2430  C.  (469.40  p.),  and  decomposes  partially  when  sublimed. 
Haloid  acids  decompose  it  into  naphthalene  and  mercury-salts.  It  unites 
with  iodine,  forming  the  compound  (CioH7)2HgIj,  which  is  decomposed  by 
a  larger  quantity  of  iodine,  thus  : 

(CioHO^Hgl,    +     I,    =    Hgl,    +    2CioH,I. 
Heated  with  soda-lime  it  yields  dinaphthyl  and  naphthalene. 

Naphthalene-Bnlphonlo  Aolds,  CjgH^.SOaH,  a  and  d,  are  formed  by 
gradually  heating  naphthalene  with  sulphuric  acid,  and  may  be  separat^id 
by  fractional  crystallization  of  their  barium  or  lead-salts,  those  of  the  a- 
acid  being  much  more  soluble  in  water  and  alcohol  than  the  ^salts.  The 
free  acids  are  crystalline  and  deliquescent.  The  a-acid  is  converted  by 
heat  into  the  ^acid  ;  the  latter  is  therefore  almost  the  sole  product  obtained 
at  a  high  temperature  (160O  C,  320O  p.).  The  «-acid,  heated  with  dilute 
hydrochloric  acid  to  200O,  is  resolved  into  naphthalene  and  sulphuric  acid. 
The  chlorides^  CioHy.SOjCI,  are  obtained  by  heating  the  potassium  salts 
with  PClg.  Tliey  crystallize  in  shining  laminae,  a  more  soluble  in  ether 
than  &,  The  «rchloride  melts  at  660  C.  (150.8O  F.)  ;  &  at  76°  C.  (168.80 
F.).  By  zinc  and  sulphuric  acid  they  are  converted  into  mercaptans, 
CjoHf.SH. 

By  prolonged  heating  of  naphthalene  with  sulphuric  acid,  two  naphtha- 
lenedUidphonic  acidsj  CjQHgCSOjH)^,  are  formed,  which  when  distilled  with 
KCy  yield  the  corresponding  dicyanides,  CiQUg(CN)2. 

Napthols,  CioHf  .OH,  are  formed  by  fusing  the  two  monosulphonic  acids 
with  potash. 

tt-Naphthol  is  also  produced  by  boiling  the  aqueous  solution  of  diazo- 
naphthalene  nitrate  (from  «-naphthylamine)  with  nitrous  acid.  It  crys- 
tallizes in  colorless  monoclinic  prisms,  melts  at  940  C.  (201.20  F.),  boils  at 
278O-280O  C.  (532.40-6360  P.) ;  is  nearly  insoluble  in  cold  water,  some- 
what more  soluble  in  hot  water,  easily  in  alcohol  and  ether.  Ferric  chlo- 
ride and  bleaching  powder  give  to  the  aqueous  solution  a  transient  violet 
color.  * 
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With  alkalies,  etc.,  «-naphtliol  forms  derivatives  exactlj  like  those  of 
phenol.  The  eihylic  ether,  C,o^7*^- ^s^s*  i^  ^  colorless  liqaid,  boiling  at 
2720  C.  (521.60  P.),  not  soliditying  at  — 50  C.  (230  F.)-  t^-Aastyl  naphkoi, 
CjoHy.O.CjHgO,  formed  by  the  action  of  acetyl  chloride,  is  a  yellowish 
liquid,  insoluble  in  water.     The  benzoyl  derivative  melts  at  5GO  C.  (132.&C 

F.). 

{OH 
j^Q   (1  :  4)  obtained  by  boiling  nitronaphthyl- 

amine  (m.  p.  1910  C.,  375. 80  F.)  with  potash,  crystallizes  from  alcohol  in 
lemon-yellow  capillary  needles ;  from  acetic  acid  or  acetone  in  golden-yellow 
prisms ;  melts  at  164P  C.  (327.20  F.).  Its  sodium  salt  is  a  yellow  dye-stuff 
called  Campobello  yellow.  By  reduction  with  tin  and  HCl,  it  yields  amido- 
a-naphthol,  which,  by  boiling  with  bromine- water  or  by  the  action  of 
nitrous  acid,  is  converted  into  naphthoquinone. 

An  isomeric  nitro-a-naphthol,  formed  from  the  nitronaphthylamine 
melting  at  1580-1590  C.  (316.4P-318.20  F.),  crystallizes  in  greenish-yel- 
low laminae,  melting  at  1280  c.  (262.40  F.),  much  lt«s  soluble  in  alcohol 
than  the  preceding. 

Dinitro-a-naphthol,  C,QH5(NOg)30H,  is  formed  by  mixing  «-naphthylamine 
with  4-6  parts  of  strong  nitric  acid  ;  by  boiling  diazonaphthalene  hydro- 
chloride with  nitric  acid  ;  or  by  gently  heating  a  solution  of  a-naphtha- 
lene-sulphonic  acid  with  nitric  acid.  Shining  sulpbur-yellow  crystals, 
melting  at  1380  C.  (280.2O  F.),  sparingly  soluble  in  alcohol  and 'ether, 
more  freely  in  chloroform.  It  forms  salts  with  bases,  and  decomposes  car- 
bonates. Its  calcium  and  sodium  salts  form  splendid  yellow  dyes,  known 
as  naphthalene-yellows. 

Dinitronaphthol  treated  with  zinc  and  hydrochloric  acid  yields  the 
hydrochloride  of  diamidonaphthol,  C]oH5(NIl2)s.OH,  the  aqueous  solution  of 
which  is  converted  by  exposure  to  the  air,  or  by  the  action  of  ferric  chlo- 

ride,  into  the  hydrochloride  of  di-imidonaphthol,  O^qH ^(Ol{)<^^jr^  . 

fi-Naphthol  or  Isonaphthol,  C,oH,.OH,  from  S-naphtlialcne-sul- 
plionic  acid,  crystallizes  in  small  rhombic  tables,  melts  at  1220  C.  (251.60 
F.),  boils  at  285O-290O  C.  (5450-554P  F.),  and  sublimes  with  great  facility  ; 
dissolves  sparingly  in  boiling  water,  easily  in  alcohol  and  ether.  The 
ethylic  ether,  CiqH^.O.CjHj,  melts  at  330  C.  (91.40  F.),  the  acetyl-compound 
at  60O  C.  (140O  F.),  the  benzyl-compound  at  107©  C.  (224.6©  F.). 

DinitrO'^naphthol,  obtained  by  heating  the  alcoholic  solution  of  /^naph- 
thol  with  dilute  nitric  acid,  forms  yellow  needles  melting  at  1950  C. 
(3830  F.). 

Dioxynaphthalene  or  Naphthohydroquinone^  C,oH5(OH),  (1  :  4), 
is  formed  from  naphthoquinone  by  lieating  with  hydriodic  acid  and  amor- 
phous phosphorus.  It  crystallizes  from  hot  water  in  long  colorless  needles, 
melting  at  17GO  C.  (348.80  F.),  converted  by  oxidation  into  naphthoqui- 
none. An  isomeric  compound,  obtained  from  naphthalene-disulphonic 
acid,  forms  needles  slightly  soluble  in  water. 

Naphthoquinone,  C,oHg<[^>,  is  formed  by  oxidation  of  naph- 
thalene with  chromic  anhydride  dissolved  in  glacial  acetic  acid ;  more 
readily  by  adding  a  dilute  aqueous  solution  of  chromic  acid  to  a  solution 
of  diamido-naphthalene  hydrochloride  (p.  947)  ;  on  distilling  the  liquid, 
the  naphthoquinone  passes  over  with  the  steam.  Large  sulphur-yellow 
triclinic  tables,  having  a  pungent  odor,  melting  at  1250  C.  (2670  F.),  sub- 
liming below  lOOO ;  insoluble  in  cold  water,  slightly  soluble  in  cold  alco- 
hol, easily  in  hot  alcohol  and  in  ether.  Converted  by  oxidation  with  nitric 
acid  into  phthalio  acid. 
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Dichloronapkthoquinone,  CigH^CljOj.  "  formed  bj  heating  .-naplithol  or 
dinitronaphthol  (commercial  naphthalene  yellow)  with  potassium  chlorate 
and  hydrochloric  acid  ;  also  by  the  action  of  chromyl  chloride,  CrOjClj,  on 
a  solution  of  naphthalene  in  glacial  acetic  acid.  Crystallizes  in  golden- 
yellow  needles  melting  at  1890  C.  (372.20  F.)  ;  oxidized  by  nitric  acid  to 
phthalic  acid  ;  converted  by  PCI5  into  CjoHgClj,  which  oxidizes  to  chloro- 
phthalio  acid.  Boiled  with  soda-lye,  it  dissolves  with  red  color,  forming 
th<?  sodium  salt  of  ohlor^naphthalio  acid,  C,oll4Cl(02)OH,  which  crystallizes 
in  yellow  needles,  melting  at  200©  C.  (39^0  F.). 

Oxynaphtkoquinone   or  Naphthalenic  acid^  C,0Hj(OH)<^[q^  , 

is  formed  from  the  hydrochloride  of  di-imidonaphthol  (p.  948)  by  heating 
with  dilute  hydrochloric  acid  to  120©  C.  (2480  F.). 

C,oHj(NaHa)OH    -f     2H,0    =    2NHj    +     C,oH5(0,)OH . 

Light  yellow,  strongly  electric  powder,  or  yellow  needles  ;  sparingly  solu- 
ble in  hot  water,  easily  in  alcohol  and  ether ;  unites  with  nascent  hydro- 
gen, forming  trioxy naphthalene.  It  is  a  rather  strong  monobasic  acid, 
capable  of  decomposing  carbonates.  Its  alkali-salta  are  blood-red,  and 
easily  soluble  in  water. 

Dioxynaphthoquinone  or  Naphthazarin ,  C,oH4(02)(OH)j.— This 
compound  is  a  dye-stuflF  very  much  like  alizarin.  It  is  obtained  by  grad- 
ually adding  dinitronaphthol  (4  parts),  and  granulated  zinc  (^-1  part), 
to  a  mixture  of  strong  sulphuric  acid  (40  parts),  and  fuming  sulphuric 
acid  (4  parts)  heated  to  200©  C.  (3920  F.)  (not  above  205O  C,  401O  F.). 
On  diluting  the  mixture  with  water,  boiling,  and  filtering,  the  naphtha- 
zarin separates  as  a  red  gelatinous  mass,  which  may  be  purified  by  subli- 
mation. Long  needles  having  a  splendid  green  metallic  lustre,  dissolving 
in  alcohol  with  red,  in  ammonia  with  sky-blue  color.  The  solutions  give 
violet-blue  precipitates  with  baryta-  and  lime-water,  crimson  with  alum. 

Naphthoic  Adda,  CioH^.COgH. — tt-Naphthoic  acid  is  obtained  from  «- 
cyanonaphthaleue  (p.  945)  ;  also  by  fusing  potassium  a-naphthalenesul- 
phonate  with  sodium  formate,  and  by  the  action  of  sodium-amalgam  on  a 
mixture  of  bromonaphthalene  and  ethyl  chlorocarbonate.  Slender  needles 
melting  at  160©  C.  (320©  F.),  slightly  soluble  in  hot  water,  easily  in  hot 
alcohol.  By  distillation  with  baryta  it  is  resolved  into  naphthalene  and 
carbon  dioxide.  Its  ethylic  ether  boils  at  309©  C.  (588.20  F.)  ;  the  chloride, 
C,oH-COCl,  at  2970  C.  (566.60  p.). 

6-£^aphthoic  or  honaphthoic  acidy  from  d-cyanonaphthalene,  crystallizes 
from  hot  water  in  long  silky  needles  melting  at  1820  C.  (369. 60  F.). 

Oxynaphthoio  acids,  C,oHg<^^Q  ^j  ,   are  formed  from    the  two 

naphthols  by  the  action  of  sodium  and  carbon  dioxide.  The  «-acid  melts 
at  1850  C.  (3650  p.),  and  forms  solutions  which  are  colored  blue  by  ferric 
chloride.    The  ^acid  is  difficult  to  prepare. 

Naphthalene-dicarhonic  acids,  C,oHa(C02n)j.— Of  these  acids 
there  are  three  known  modifications.  Two  of  them,  a  and  5,  are  obtained 
by  heating  the  corresponding  dicyanonaphthalenes  with  strong  hydro- 
chloric acid  to  2000-2100  C.  (392O-410O  F.) *.  Forms   long  pointed 

needles,  melting  with  decomposition,  above  300O  C.  (5720  p.)  ;   its  salts, 
except  those  of  the  alkalies,  are  but  slightly  soluble  in  water.    The  5-acid 
is  very  much  like  the  «-acid,  except  that  it  crystallizes  in  short  slender 
needles. 
80 
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The  third  modification,  naphthalic  acidy  obtained  bj  oxidation  of  acenaph- 
thene  and  acenaphthyleue  with  chromic  acid  mixture,  forms  slender 
needles,  and  decomposes  at  14C'O-150O  C.  (284Q-302O  F.),  without  melting, 
into  water  and  the  anhydride,  C^^Ufi^,  which  melts  at  2660C.  (510.b<^  F.). 
The  acid  is  nearly  insoluble  in  water.  Its  calcium  salt  heated  with  lime 
yields  naphthalene.  The  meihylic  ether ^  C,oH,(COjCH,)2,  crystallizes  in 
prisms  melting  at  102O-103O  C.  (215.6Q-217.40  F.). 


Dinaphthyl,  ^^n  =  C,oHf  .CjoHf ,  is  formed  by  the  action  of  sodium  on 
mouobromonaphthaleue ;  by  oxidation  of  naphthalene  with  MnO,  and 
sulphuric  acid ;  and  by  heating  mercuric  naphthide  with  soda-lime  (p. 
947).  Colorless  lamiuse,  with  a  mother-of-pearl  lustre ;  slightly  soluble 
in  cold  alcohol,  easily  in  ether ;  melts  at  \b4f>  C.  (309.20  p.)^  and  sublimes 
without  decomposition.  By  further  oxidation  with  MnO,  and  sulphuric 
acid  it  is  converted,  like  naphthalene,  into  phthalio  acid. 

Three  ijsodinaphlhyls  are  obtained  by  passing  naphthalene-vapor  alone,  or 
mixed  with  antimony  trichloride,  through  a  red-hot  tube,  and  may  be  sepa- 
rated by  repeated  crystallization  from  petroleum ;  melting  points,  IST"^, 
1470,  and  750  C.  (368.60,  296.60,  1670  F.). 

Dinaphthylmethaney  Cg,Hi8  =  CioH^.CHj.C,oH^,  obtained  (\\\ie  diphenyl- 
methane,  p.  935)  by  the  action  of  sulphuric  acid  on  a  mixture  of  naph- 
thalene and  methylal  diluted  with  chloroform,  crvstallizes  in  short  prisms, 
melts  at  109O  C.  (228.2©  F.),  boils  at  a  temperature  above  36(P  C.  (U&HO 
F.),  and  may  he  distilled  without  decomposition.  With  picric  acid  it  forms 
the  compound  C2oHjf.20QH3(N02))0,  which  crystallizes  in  reddish-yellow 
prisms. 

Homologuesof  Naphthalene  are  obtained  by  the  action  of  sodium 
on  a  mixture  of  bromonaphthalene  and  alcoholic  bromides  dissolved  in 
ether ;  and  these,  when  passed  through  red-hot  tubes,  split  up  into  hydro- 
gen and  unsaturated  hydrocarbons.  Methfl-naphthaUne^  CjqH^.CHs,  is  a 
thick  liquid,  boiling  at  2320  C.  (449.60  F.),  not  solidifying  at  — 180G. 
(_0.4P  F.)  ;  ethiil-naphthalene,  C,oH,.C,Hs,  boils  at  251Q-2520  C.  (483.80- 
485.60  F.),  and  does  not  solidify  at  — 140  C.  (6.80  F.). 

^CH, 
Acenaphthene,  CuHn,  =  C,oHg<r^    I      ,  is  formed  by  passing  ethyl- 

^s:h, 

naphthalene  through  a  red-hot  tube,  and  occurs  in  the  portion  of  coal-tar 
oil  boiling  at  250O-260O  C.  (482Q-500O  F.),  from  which  it  may  be  separated 
by  cooling.  It  crystallizes  from  fusion  in  flat  prisms,  from  alcohol  in  long 
needles;  melts  at  95©  C.  (203O  F.)  ;  boils  at  277.50  C.  (531.50  p.)  ;  forms 
with  picric  acid  the  compound  C,2H,Q.CaH,(NO,)50H,  which  crystallizes 
from  alcohol  in  long  needles  melting  at  161O-1620  C.  (321.8CL^23.60  F.). 
By  oxidation  with  chromic  acid  mixture,  acenaphthene  is  converted  into 
naphthalic  acid  (p.  949). 

JM 
Acenaphthylene,  Ci-Hg  =  C,oHj<^  i  |    ,is  formed  by  passing  the  vapor 

of  acenaphthene  over  gently  heated  lead-oxide.  It  dissolves  easily  in  al- 
cohol, crystallizes  in  yellow  tables,  sublimes  at  ordinary  temperatures, 
melts  at  920-930  C.  (197.eo-199.40  F.),  and  boils,  with  partial  decompo- 
sition, at  about  2650-2750  C.  (509O-527O  F.).  Its  picric  acid  compound 
forms  yellow  needles  melting  at  202O  C.  (395.60  P.).  By  chromic  acid 
mixture  it  is  oxi<lized  to  naphthalic  acid.  Its  dibromide,  CigH.Br,,  melts 
at  1220  C.  (251.60  F.). 
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The  primary  compounds  of  this  group  are  two  isomeric  solid  hydrocar- 
bons, Ci^Iljo,  occurring  in  the  portion  of  coal-tar  which  boils  between  32(P 
and  36CP  C.  (608Q-680O  P.).  They  are  nearly  related  to  benzene,  and 
their  modes  of  formation  and  decomposition  show  that  their  structure  may 
be  very  probably  represented  by  the  following  formula : 

CeH^— CH  ^CHv^ 

I  !l  C.H,<;^i    ^CA 

Phenanthrene.  AntbracenB. 

Both  consist  of  two  benzene  residues  united  by  the  group  C^H, ;  but  in 
phenanthrene  the  two  benzene-groups  are  joined  directly,  in  the  same 
manner  as  in  diphenyl,  whereas  in  anthracene  they  are  united  only  through 
the  medium  of  the  group  =:CU — CU=. 

Phenanthrene,  C,4Hio,  may  be  formed  by  abstraction  of  hydrogen 
from  di benzyl,  Cj^Ui^,  and  stilbene,  Ci^Hjj,  when  the  vapors  of  these 
bodies  are  passed  through  a  red-hot  tube ;  also,  together  with  anthracene 
and  other  hydrocarbons,  from  toluene  and  xylene,  by  similar  treatment 
(p.  816). 

Phenanthrene  is  prepared  from  crude  anthracene — ^the  high-boiling  por- 
tion of  coal-tar — ^by  collecting  apart  the  portion  which  boils  between  320O 
and  35(P  C.  (608O-(3G2O  F.),  and  boiling  the  mass  with  alcohol.  The  solu- 
tion on  cooling  deposits,  first  anthracene,  and  then  phenanthrene,  which 
may  be  obtained  quite  clear  by  two  recrystallizatious. 

Phenanthrene  crystallizes  in  colorless  shining  laminae,  and  exhibits  a 
bluish  fluorescence,  especially  in  solution  ;  melts  at  ICKiO  ;  boils  at  34CO  C. 
(6440  F.)  ;  dissolves  in  50  parts  of  alcohol  at  13^  C.  (55.4P  F.),  easily  in 
boiling  alcohol,  ether,  and  l)enzene.  It  unites  with  picric  acid,  a  mix- 
ture of  the  saturated  alcoholic  solutions  of  the  two  bodies,  depositing  the 
compound  C,4H,0.C,H3(NO2)j,O,  in  reddish-yellow  needles  melting  at  1430 
C.  (289.40  F.).  By  boiling  with  chromic  acid  mixture  phenanthrene  is  con- 
verted, first  into  phenant  hrene-quinone,  and  ultimately  into  di- 
phenio  acid   (p.  942). 

Phenanthrene  ietraJiydride,  €,411,4,  formed  by  heating  phenanthrene  to 
210CU240O  G.  (4100-4(540  F.)  with  hvdriodic  acid  and  amorphous  phos- 
phorus, is  a  liquid  boiling  at  300O-31CP  C.  (572O-590O  F.). 

Phenanthrene  dibromide^  C,4H,QBr2,  obtaim>d  by  direct  combination  in  ethe- 
real solution,  forms  prismiitic  crystals,  and  is  resolved,  by  heating  with 
water  to  lOOO,  into  HBr  and  hromophenanthrene^  Ci4H,Br,  which  melts  at 
630  0.  (I45.40  F.). 

C,H4— CO 

Phenanthrene-quinone,  C14H8OJ  ^  |  I      ,   is    formed    by 

(',114— CO 
heating  phenanthrene  with  chromic  acid  mixture,  or  by  adding  chromic  an- 
hydride to  a  solution  of  phenanthrene  in  glacial  acetic  acid.  It  crystallizes 
from  alcohol  in  shining  orange-yellow  needles,  melts  at  1980  C.  (388.40 
F.),  sublimes  without  decomposition,  dissolves  sparingly  in  hot  water 
and  cold  alcohol,  easily  in  hot  alcohol  ;  dissolves  in  strong  sulphuric  acid 
with  dark-green  color,  and  is  precipitated  therefrom  by  water.  It  unites 
with  acid  sodium  sulphite,  forming  the  compound  GjiHjjOg.SOjNaH  -+-  2U,0. 

Phenanthrene-quinone  is  oxidized  by  chromic  acid  mixture  to  diphenio 
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acid,  and  reduced  bj  zino-duat  to  phenanthrene  ;  when  ignited  with  soda- 
lime  it  yields  diphenjl. 

Phenanthrene-hydroquinoney  or  Dioxyphenanthrene,  C,4Hg(0H)g,  formed  hy 
the  action  of  sulphurous  acid  on  phenanthrene-quinone,  crystallizes  in 
colorless  needles,  which,  when  exposed  to  the  air,  turn  brown,  and  are 
reoxidized  to  the  quinone.  Its  diacetyl-compound  crystallizes  in  tables 
melting  at  202O  C.  (395.60  F.). 

Anthracene,  Cj^Hjo. — ^This  hydrocarbon  may  be  formed  artificially  : 
1.  By  passing  benzyl-toluene  through  a  red-hot  tube  or  over  heated  lead 
oxide : 

CjHj.CHj.CgH^.CHj  =  CjH^-^   |       ^CgH^  -I-  2H,  . 

2.  By  heating  liquid  phenyl-tolyl  ketone  (p.  941)  with  zinc-dust : 

CeHj.CO.CeH,.CH,  =  CeH,<^2>CfiH,  +  H,0  . 

3.  Together  with  dibenzyl,  by  heating  benzyl  chloride  with  water  to 
190O  C.  (3740  F.)  : 

4(CeH5.CH,Cl)     =    Ci^H^o    +     G.fin    +    4HC1  . 

Anthracene  is  prepared  from  the  high-boiling  portions  of  coal-tar  by 
repeated  distillation,  pressure,  and  recrystallization  from  benzene.  To 
obtain  it  quite  pure  and  colorless,  it  must  be  sublimed  at  as  low  a  tempe- 
rature as  possible— best  by  heating  it  till  it  begins  to  boil,  and  then  blow- 
ing a  strong  current  of  air  over  it  from  a  pair  of  bellows.  Or  its  solution 
in  hot  benzene  may  be  bleached  by  exposure  to  sunshine. 

Anthracene  crystallizes  in  colorless  monoclinic  tables,  exhibiting  a  fine 
blue  fluorescence.  It  dissolves  sparingly  in  alcohol  and  ether,  easily  in 
hot  benzene  ;  melts  at  2130  C.  (415.4^  F.),  and  distils  at  a  temperature  a 
little  above  360O  C.  (680O  F.).  Its  solution  in  benzene  yields  with  picric 
acid  the  compound  Ci4H,q.2CjH8(N02)80,  which  crystallizes  in  red  needles. 

A  cold  saturated  solution  of  anthracene  in  benzene  exposed  to  sunshine 
deposits  tabular  crystals  of  an  isomeric  modification,  C,4Ujo,  called  par- 
authracene.  It  is  nearly  insoluble  in  benzene,  is  not  attacked  by 
nitric  acid  or  bromine,  melts  at  2440  C.  (471. 2P  F.),  and  is  at  the  same 
time  converted  into  ordinary  anthracene. 

Anthracene  dihydride,  Ci^Hu,  formed  by  heating  anthracene  or 
anthraquinone  with  hydriodio  acid  and  phosphorus,  or  by  the  action  of 
sodium-amalgam  on  its  alcoholic  solution,  crystallizes  in  monoclinic  tables 
easily  soluble  in  alcohol,  melting  at  106O  C.  (222.80  F.),  distilling  at  305O 
C.  (5810  F,).  On  passing  its  vapor  through  a  red-hot  tube,  it  is  resolved 
into  anthracene  and  hydrogen.  The  hexhydride^  C,4H,g,  is  formed  by  pro- 
longed heating  of  anthracene  or  the  dihvdride  with  HI  and  phosphorus  to 
200O-220O  C.  (392-04280  F.),  crystalli'zes  in  lamin«,  melts  at  G30  c. 
(145.40  F.),  boils  at  290O  C.  (5540  F.).  It  is  very  soluble  in  alcohol, 
ether,  and  benzene,  and  is  resolved  at  a  red  heat  into  anthraceno  and 
hydrogen. 

Anthracene  di chloride,  Cj^HioClj,  formed  by  passing  chlorine 
gas  over  anthracene,  crystallizes  in  needles,  and  is  converted  by  alcoholic 
potash  into  Ci^H^Cl.  By  heating  anthracene  in  chlorine,  dichlor- 
anthracene,  C,4HgCl3,  is  formed,  which  crystallizes  in  yellow  laminae, 
melts  at  209O  C.  (408.20  F.),  and  yields  solutions  having  a  splendid  blue 
fluorescence. 
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Bibromanthracene,  Cj^HgBrj,  is  formed  as  the  sole  product  of  the 
action  of  bromine  on  a  solution  of  anthracene  on  carbon  sulphide.  It 
crystallizes  in  golden-yellow  needles,  melting  at  2210  C.  (429.8^  F.),  and 
is  reconverted  into  anthracene  by  heating  with  alcoholic  potash.  Dibrom- 
anthracene  tetrabromide,  C,4HgBr2.  Br^,  is  formed  by  passing  bromine  vapor 
over  finely  divided  anthracene  or  dibromanthraceue.  Hard,  thick,  color< 
less  tables,  melting  with  decomposition  at  170Cl.180OC.(338Q-356O  P.). 

Another  modification  of  dibromanthraceue  is  formed  by  heating  dibrom- 
anthraquinone  with  HI  and  phosphorus  to  150O  C.  (302O  F.)  for  eight 
hours.  Golden-yellow  tables,  melting  at  19(TO-1920  C.  (3740-377.GO  F.), 
more  soluble  in  alcohol  and  benzene  than  the  preceding  modification. 

Anthracene-sul  phonic  acids,  mono-  and</i-,  are  formed  by  heat- 
ing anthracene  with  strong  sulphuric  acid,  the  former  at  lOCP,  the  latter 
at  150O  C.  (302^  F.).  The  monosulphonic  acid  is  produced  in  two  isomeric 
modifications  (a  and  6),  which  may  be  separated  by  means  of  their  lead- 
salts.  That  of  tbe  a-acid  (the  chief  product)  crystallizes  in  light  yellow 
laminae  (Ci4H9S03)j,Pb  -\-  4II2O,  and  is  much  more  soluble  than  that  of  the 
6-acid,  which  crystallizes  in  prisms  contaiuiug  7H^0.   ' 

Anthraphenols,  Ci^HiqO  =  Cj4H9(OII). — Of  these  bodies  there  are  two 
metameric  modifications,  viz. : 

CH^  ^C(OH). 

C.H,<^|    j>CeH,.OH  CeH,<^  |         ">CeH, 

Anthrol.  Anthranol.^ 

Anthrol  is  formed  in  two  isomeric  modifications  by  fusing  the  alkali- 
salts  of  the  two  isomeric  anthracene-monosulphonic  acids  with  potash  or 
soda. 

a.  Light  yellow  needles  or  laminse  having  a  strong  lustre,  decomposing 
at  250O  C.  (4820  F.)  without  previous  fusing  ;  insoluble  in  water,  easily 
soluble  in  alcohol,  ether,  benzene,  and  alkalies.  The  alkaline  solution 
absorbs  oxygen  from  the  air,  and  turns  brown. 

$.  Yellowish  prisms,  somewhat  less  soluble  in  alcohol  and  ether  than  «, 
which  it  otherwise  resembles  in  every  respect. 

Anthranol  is  formed  by  heating  anthraquinone  (20  parts)  with  hy- 
driodio  acid  of  1.7  sp.  gr.  (80  parts)  and  phosphorus  (4  parts)  in  a  vessel 
with  reversed  condenser.  It  crystallizes  in  yellowish  needles,  melts  at 
1(530-1700  C.  (325.40-3380  F.),  is  nearly  insoluble  in  cold,  more  soluble 
in  hot  alkalies.  The  solution  absorbs  oxygen  from  the  air,  and  then  de- 
posits anthraquinone  on  boiling.  Anthranol  is  also  converted  into  anthra- 
quinone by  oxidation  with  nitric  or  chromic  acid,  and  into  anthracene  by 
heating  with  zinc-dust.  With  acetic  anhydride,  it  forms  an  acetic  ether, 
C.^Hq.O.Cj^HjO,  which  crvstallizes  in  light  yellow  needles  melting  at  12GO- 
1310  C.  (258.80-267.80  F.). 

CO 
Anthraqnlnone,  C^^HgOj  =  Ge^i<C£()^^6^4' — Tlii8compound,which 

may  be  regarded  as  a  double  ketone,  and  diflfers  from  the  quinones  of  the 
benzene  series  in  not  having  its  two  oxygen-atoms  directly  combined,  is 
formed  by  oxidation  of  anthracene,  anthracene-hydride,  dichlor-  or  dihrom- 
anthracene,  >vith  nitric  or  cbromic  acid  ;  also  when  liquid  phenyl-tolyl 
ketone  (p.  941),  CgH5.CO.C,.H4.CH3,  is  passed  over  heated  lead  oxide,  or 
heated  with  MnOj  and  sulphuric  acid,  or  with  chromic  acid  mixture  ;  in 
small  quantity  also  (together  with  benzophenone,  p.  941)  by  distillation 

80* 
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of  calcinm  benzoate  ; — ^and  by  heating  phthalic  chloride  and  benzene  with 
zinc-dost : 

It  is  most  easily  prepared  by  adding  finely  pounded  potassium  dichromate, 
or  a  solution  of  chromic  acid  in  glacial  acetic  acid,  to  a  hot  solution  of 
anthracene  in  glacial  acetic  acid. 

Antliraquinone  sublimes  in  shining  yellow  needles,  melts  at  2730  C. 
(ri23.40  V.)f  dissolves  in  hot  benzene  and  in  nitric  acid.  It  is  arery  stable 
compound,  not  easily  altered  by  oxidizing  agents,  and  not  reduced  by  sul- 
phurous acid,  like  the  quinones  of  the  benzene  series.  Heated  with  hy- 
driodic  acid  to  15(>o  C.  (302O  F.),  or  with  zinc-dust,  it  is  converted  into 
anthracene.  By  fusion  with  potash  at  25(P  C.  (4820  F.),  it  yields  2  mole- 
cules of  benzoic  acid.  Heated  with  PCI5  to  19UO-200O  C.  (374CL-3920  p.), 
it  yields  a  mixture  of  di-  and  tetra-chloranthracene ;  and  when  heated 
with  fuming  sulphuric  acid,  it  yields  sulpho-acids,  together  with  phthalic 
anhydride. 

Dibromanthraquinone,  Cj^H^ Br^O,,  is  formed  by  heating  anthra- 
quinonB  witii  bromine  to  lOOO,  or  by  oxidizing  tetrabromanthraccne  with 
nitric  acid  ;  dichloran  th  raquinoue  is  formed  by  a  similar  method. 
Both  sublime  in  yellow  needles,  and  are  converted  into  alizarin  by  heat- 
ing with  potash-lye  to  150O  C.  (302O  F.). 

Dinitro-anthraqninone,  Ci^HgCNOj),©,,  obtained  by  boiling  an- 
thracene with  dilute  nitric  acid,  forms  yellow  needles  melting  at  280O, 
and,  like  picric  acid,  forms  crystalline  compounds  with  many  hydrocar- 
bons. An  isomeric  compound,  obtained  by  the  action  of  a  mixture  of 
nitric  and  sulphuric  acids  on  anthraquinone,  forms  small  light  yellow 
monoclinic  prisms,  cakes  together  at  252^  C.  (485. 60  F.),  and  sublimes  at 
a  higher  temperature  in  small  needles,  with  partial  decomposition. 

Anthraquinone-sulphonic  acid,  C,4H70|.SO,H,  and  the  disnl- 
phonio  acid,  Cj^H^OjifSOgH)!,  are  formed,  together  with  phthalic  anhy- 
dride, by  heating  anthraquinone  with  strong  sulphuric  acid  to  250Q-260O 
C.  (4820-5000  F.).  The  disulphonic  acid  is  formed  synthetically  by 
heating  orthobenzoyl-benzoio  acid,  CgHj.CO.CfHf.CO^H  (p.  943),  with 
fuming  sulphuric  acid.     It  forms  yellow  crystals  easily  soluble  in  water. 

^C(OH)^^ 
Anthrahydroquinone,  Ci4Hg(OH)2  ==  C^H^-^^  |  ^^^e^4  » 

produced  by  heating  anthraquinone  with  zinc-dust  and  potash-lye,  forms 
yellow  flakes,  which,  especially  when  moist,  are  quickly  reconverted  into 
anthraquinone  by  exposure  to  the  air. 

Oxyanthraqnlnone.  C^H^Oa  =  C,H,<;^^CeH,.(OH).  — This  com- 
pound is  produced,  together  with  alizarin,  by  fusing  monobroraanthraqui- 
none  or  anthraquiuone-aulphonic  acid  with  potassium  hydroxide  ;  by 
boiling  the  pro<iuct  with  water  and  calcium  or  barium  carbonate,  the 
alizarin  is  precipitated,  and  the  oxyanthraquinone  dissolved.  Oxyan- 
thraquinone  is  formed  synthetically,  together  with  its  isomeride,  erythroxif- 
anthraquinone,  by  heating  phthalic  anhydride  and  phenol  with  strong  sul- 
phuric acid : 

<^6"4<CO>^     +     Cell^OH    =    CeH,<^^C,H,.OH    +    H,0 . 
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The  two  isomerides  may  be  separated  by  ammonia  in  which  oxyanthra- 
quinone  is  soluble,  erjthroxyanthraqoinone  insoluble. 

Oxyanthraquinone  is  equally  soluble  in  hot  and  in  cold  alcohol,  crystal- 
lizes in  sulphur-yellow  needles,  melts  at  2680-2710  0.  (514.40-519.80  F.), 
and  sublimes  with  some  difficulty  in  laminae.  It  dissolves  readily  in  am- 
monia, baryta- water,  and  lime-water,  and  decomposes  barium  carbonate 
when  boiled  with  it  in  water. 

Erytkroxyanthraquinone  is  more  soluble  in  hot  than  in  cold  alcohol,  crys- 
tallizes in  orange-yellow  needles,  melts  at  1730-1800  C.  (343.4P-35bO  F.), 
and  sublimes  at  150O  C.  (302O  p.).  It  is  nearly  insoluble  in  dilute  am- 
monia, forms  dark-red  lakes  with  baryta-  and  lime-water,  and  (like  aliza- 
rin) does  not  decompose  carbonate  of  barium.  Both  oxyanthraquinones 
are  converted  by  fusion  with  potash  into  alizarin. 

Diozyanthraqninones,  Ci^HgO^  ss  Cifi^{OYi)fi^, — ^This  formula  in- 
cludes eight  known  compounds,  in  three  of  which  the  two  hydroxy  1 -groups 
are  situated  in  the  same  benzene-nucleus,  while  four  others  have  one  hy- 
droxyl  in  each  benzene-nucleus,  and  in  the  eighth,  the  position  of  these 
groups  is  uncertain. 

I.  DioxyantkraquinoneSf  ^«H^'^po^CjHj^..„  • 

1.  ALizABiN.-^This  compound,  in  which  the  two  hydroxyls  are  supposed 
to  stand  to  one  another  in  the  para-position,  is  the  red  coloring  matter  of 
madder  root  {Rubia  tinctorum).  Fresh  madder  roots  contain  a  glucoside, 
called  ruberythrio  acid,  which,  when  the  roots  are  steeped  in  water, 
is  resolved,  under  the  influence  of  a  peculiar  ferment  also  contained  in 
them,  into  alizarin  and  glucose  : 

Buberythrio  acid.  Aliznrio.  Qlucotie. 

In  old  roots  this  change  has  already  taken  place  to  a  considerable  ex- 
tent, so  that  they  contain  free  alizarin.  This  spontaneous  change  was  the 
bisis  of  the  older  method  of  obtaining  alizarin,  and  of  the  use  of  madder 
in  dyeing.  Various  methods  of  accelerating  the  decomposition  have  been 
invented,  in  particular  the  treatment  of  the  pulverized  root,  previously 
exhausted  with  water,  with  strong  sulphuric  acid,  which  decomposes  the 
ruberythric  acid  in  the  manner  above  explained,  but  does  not  alter  the  re- 
sulting alizarin.     The  product  thus  obtained  is  called  garancin. 

At  present,  however,  almost  all  the  alizarin  used  in  dyeing  is  obtained 
by  artificial  processes  from  anthracene.  It  may  be  obtained  by  the  action 
of  melting  potash  on  various  derivatives  of  anthracene,  viz.,  dibrom-  and 
dichlor-anthraquinone,  the  two  monoxyanthraquinones,  and  anthraqui- 
none-disul phonic  acid.  Graebe  and  Liebermann,  in  1868,  first  prepared  it 
from  dibromanthraquinone,  and  Perkin  soon  afterwards  showed  that  it 
might  be  obtained  much  more  economically  from  anthraquinone-disulphonio 
acid.  This  last  method  is  now  carried  out  on  a  very  large  scale.  The 
mass  obtained  by  fusion  with  potash  is  dissolved  in  water,  and  the  alizarin, 
precipitated  by  hydrochloric  acid,  is  purified  by  crystallization  and  sub- 
limation. 

Alizarin  crystallizes  from  alcohol  in  reddish -yellow  prisms  or  needles  con- 
taining 3  mol.  H.p,  which  it  gives  oflf  at  lOOO.  It  melts  at  2750  C.  (5270 
P.)  (Liebermann  a.  Troschke)  ;  at  289O-290O  C.  (552.20-5540  p.)  (Glaus 
a.  Willgerodt),*  and  sublimes  in  orange-colored  needles;  dissolves  spar- 
ingly in  hot  water,  easily  in  alcohol  and  ether;  also  in  strong  sulpliurio 
acid,  forming  a  dark-red  solution,  from  which  it  is  precipitated  by  water 
in  its  original  stace. 

*  Deutsch.  Gh.  Gea.  Ber.  187'>,  pp.  351,  38U 
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Alizarin  baa  the  strncture  of  a  diatomic  phenol,  and  reacts  like  a  weak 
acid.  It  dissolves  in  alkalies,  forming  purple  solutions,  from  which  cal- 
cium and  barium  salts  throw  down  the  corresponding  salts  as  purple  pre- 
cipitates  (distinction  from  monoxyanthraqoinone). 

Aluminium-  and  tin-salts  form  red  precipitates  (madder-lakes)  ;  ferric 
salts,  a  black-violet  precipitate.  The  use  of  alizarin  in  dyeing  and  calico- 
printing  is  founded  on  this  property  of  forming  insoluble  colored  compounds 
with  metallic  salts. 

Alizarin  is  converted  by  heating  with  zinc-dust  into  anthracene,  and  by 
oxidation  with  nitric  acid  into  phthalic  acid. 

Alizarin  boiled  with  acetic  anhydride  yields  first  monacetyl-alizarin, 
Ci4H,(OH)(0C2H,0)O„   and  after  prolonged   boiling,   diacetyl-alizarin^ 

C„11«(0C,H,0),0,. 
Alizarinamide,  C(H4.C202.C,Hj(NH,)OH,  formed  by  heating  alizarin  with 

aqueous  ammonia  to  150Q-200O  C.  (302O-392O  F.),  crystallizes  in  brown 

needles,  melting  at  250Q-260O  C.  (4820-500©  F.). 

2.  QuiNizARiN  is  formed  by  heating  phthalic  anhydride  and  hydroqni- 
none,  or  parachlorophenol,  with  sulphuric  acid.  It  crystallizes  from  ether 
in  yellow  needles  melting  at  194©  C.  (381.20  F.)  ;  dissolves  in  alkalies  with 
blue-violet  color ;  forms  blue-violet  precipitates  with  baryta  and  magnesia, 
red  with  alumina ;  and  is  reduced  to  anthracene  by  heating  with  zino-doat. 

3.  PuBPUROXANTHiN  (or  Xanthropurpfirtn)  occurs  in  small  quantity  in 
madder,  and  is  formed  from  purpurin  by  reduction  with  stannous  chloride 
in  alkaline  solution.  Yellowish-red  needles,  m.  p.  262f^2630  C.  (503.60- 
505.40  F.)  ;  dissolving  with  red  color  in  alkalies  and  baryta-water.  In 
alkaline  solution  it  absorbs  oxygen  from  the  air. 

Purpurozanthic  Aoid,  Ci^HgO,  =s  CifH^Of-CO^H,  is  a  constituent  of 
commercial  purpurin,  from  which  it  may  be  extracted  by  means  of  boiling 
alum-liquor.  It  is  more  soluble  in  boiling  water  than  most  madder  colors  | 
crystallizes  from  hot  alcohol  in  yellow  needles ;  melts  at  2310  C.  (447.SO 
F.),  and  splits  up  at  2320-2330  C.  (449.60-451.40  F.)  into  CO,  and  pur- 
puroxanthin.  It  dissolves  in  a  boiling  solution  of  ferric  chloride  with  deep 
reddish- brown  color,  and  is  reprecipitated  by  hydrochloric  acid  in  yellow 
flocks. 

Purpuroxanthic  acid  is  most  probably  identical  with  Munjistviy  a  coloring 
matter  extracted  some  years  ago  by  Dr.  Stenhouse  from  Munject  or  East 
Indian  madder,  this  substance  being  also  resolved  by  heat  into  CO,  and 
purpuroxanthin  (Schunk  and  Roemer,  Chem.  Soc,  Journal^  1877,  i.  6t56). 

II.  Dioxyanthraquinones,  C6H3(OII)<^^CeH,(OII)  . 

4.  Anthraplavone.  —  Formed  from  oxy benzoic  acid,  C,H4(0H). 
CO. OH,  in  small  quantity  by  dry  distillation,  in  larger  quantity  by  heat- 
ing with  sulphuric  acid  to  180Q-200O  C.  (35b^>-3920  F.).  Crystallizes  in 
small  yellow  needles ;  sublimes  above  300O  C.  (5720  F.)  with  partial  de- 
composition, and  without  previous  fusion;  nearly  insoluble  in  boiling 
water,  slightly  soluble  in  ether,  more  easily  in  aloohol :  dissolves  with 
brown  color  in  alkalies ;  converted  into  alizarin  by  heating  with  zinc-dust ; 
into  oxy  benzoic  acid  by  fusion  with  potash. 

5.  Anthraplavic  Acid. — Formed,  together  with  iso-anthraflavic  acid, 
from  two  different  anthraquinone-disulphonic  acids,  in  the  preparation  of 
alizarin  on  the  largo  scale.  It  is  therefore  a  constituent  of  crude  commer- 
cial alizarin,  and  may  be  extracted  therefrom  by  lime-water  (the  alizarin 
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remaining  undissolred),  the  red  solution  being  precipitated  with  hydro- 
chloric acid,  and  the  precipitate  treated  with  cold  baryta-water,  which  dis- 
solves  iso-authraflavio  acid,  and  leaves  the  anthraflavio  acid  undissolved. 

Anthrallavic  acid  crystallizes  from  alcohol  in  anhydrous  yellow  silky 
needles ;  melts  above  33(P  C.  (626^  F.);  dissolves  in  alkalies,  with  yel- 
lowish-red color ;  forms  with  acetic  anhydride  a  diaceiyl-compound,  C.^Ug 
(0CjH,0)j03„  melting  at  227©  C.  (440.GO  F.). 

6.  Iso-AXTHBAPLiLVic  AciD,  prepared  as  above,  crystallizes  from  aqueous 
alcohol  in  long  yellow  needles  with  1  mol.  H^O,  which  is  given  off  at  150O 
C.  (302PF.);  the  anhydrous  compound  melts  above  330O  C.  (6260  F.). 
Dissolves  in  alkalies  with  deep-r<Ml  color.  The  diacetyl-compound  forms 
small  pale-yellow  crystals  melting  at  1950  C.  (3830  F.). 

7.  Chrtsazin,  prepared  by  heating  with  alcohol  the  diazo-compound 
formed  by  the  action  of  nitrous  acid  on  sulphate  of  hydrochrysammide 
{infra)  J  crystallizes  in  golden-yellow  lamina  or  red-brown  highly  lustrous 
neodles  ;  melts  at  1910C.  (375. 80  F.);  dissolves  in  alkalies  with  yellowish- 
red  color  ;  forms  insoluble  red  compounds  with  lime-  and  baryta-water  ; 
is  n^uced  to  anthracene  by  heating  with  zinc-dust.  The  diacetyl-com- 
pound forms  yellowish  lamina  melting  at  226O-230O  C.  (438.80-44()0  F.). 

Tetranitrockrysazin,  or  Chrysanwiic  acidy  C,^H,(N02)|(0H),0.^,  formed  by 
heating  aloes,  orchrysazln,  with  strong  nitric  acid,  crystallizes  in  golden- 
yellow  laminse  sparingly  soluble  in  water,  and  reacts  like  a  strong  bi basic 
acid.  By  the  action  of  reducing  agents  it  is  converted  into  tetramido- 
chrysAzin  or  chrysamraide,  C,^n2(NH2)4(OH),02,  which  crystal- 
lizes in  indigo-blue  needles,  having  a  splendid  coppery  lustre. 


8.  Fbanoulic  Acid,  Ci^HgO^  -|-  liH,0,  a  dioxyanthraquinone  in  which 
the  relative  positions  of  the  two  OH  groups  are  not  known,  is  formed  by 
the  action  of  dilute  acids  on  frangulin,  C^o^^o^io'  ^  glucoside  contained  in 
the  bark  of  Rhamnus  fratiffula.  It  crystallizes  in  orange-yellow  needles  or 
plates  containing  IJ  mol.  H^O,  gives  off  it^  water  at  18(]0  C.  (3560  F.), 
and  melts  at  2520-2540  C.  (485.60-489.20  F.).  Reduced  by  zinc-dust 
to  anthracene. 


TrlozysmthraqninoneB,  CiJlfif^  =  C,4Hg(0H)30j. — Of  these  com- 
pounds there  are  lour  known  modifications  : 

1.  PuBPURiw,  CjH^<^q]^CjH(0H)3,  occurs  in  old  madder-root,  to- 
gether with  alizarin,  and  may  be  separated  by  means  of  boiling  alum 
solution,  in  which  the  alizarin  is  insoluble.  It  may  be  formed  artificially 
from  alizarin  or  chrysazin  bv  oxidation  with  MnO,  and  sulphuric  acid  at 
14(P-160O  C.  (2840-3200  F."),  and  from  purpuroxanthin  by  merely  heat- 
ing the  alkaline  solution  in  an  open  vessel.  It  crystallizes  in  reddish- 
yellow  prisms,  easily  fusible,  and  subliming  with  partial  decomposition  ; 
somewhat  more  soluble  in  water  than  alizarin  ;  dissolves  with  red  color  in 
alcohol,  ether,  and  alkalies  ;  forms  purple-red  precipitates  with  lime-  and 
baryta- water  ;  is  reduced  to  anthracene  by  heating  with  zinc-dust.  With 
acetic  anhydride  it  forms  a  triacetyl-compound,  C,4H6(OCjH30)30,,  wliich 
crystallizes  in  yellowish  needles  melting  at  190O-193O  C.  (3740-379.40 
F.). 

i^Lrpurinamitle,  C-^Jl^(J^li^{fi^)fi^^  obtained  by  heating  purpurin  with 
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aqueous  ammonia,  forms  brownish-green  metallicallj  lustrona  needles. 
Treated  in  hot  alcoholic  solution  with  nitrous  acid,  it  is  converted  into 
purpuroxanthin. 

2.  Anthbapurpubiit,  CeH30H.C20,.CeH,(OH)„  produced  by  fusing  potas- 
sium anthraquinone-disulphonate  or  isoanthraflavic  acid  with  potash,  forms 
orange-colored  needles,  melting  above  33(P  C.  (62GO  F.),  sublimable  with 
partial  decomposition.  Dissolves  in  alkalies  with  fine  violet  color,  and, 
like  alizarin,  produces  red  colors  with  alumina-mordants,  purple  and 
black  with  iron-mordants  ;  but  the  reds  are  purer  than  those  of  aliiarin, 
the  purples  bluer,  and  the  blacks  more  intense.  Its  triacetyl-compound 
forms  Ught-yellow  scales  melting  at  2200-222^  C.  (4280-431.b*0  F.)- 

3.  Flavopitbpurin,  CjHgOn.CjO^.CjHaCOH,),  formed  from  an  thrall  avic 
acid  by  fusion  with  potash,  crystallizes  from  alcohol  in  golden-yellow 
needles,  melts  above  330O  C.  (0260  F.),  sublimes  in  long  needles,  like 
alizarin.     Dissolves  easily  in  alcohol,  with  purple  color  in  alkalies. 

4.  OxYCHBTSAZiir,  C6H8(0n).Cj|0,.C,H,(0H)„  produced  by  the  action  of 
melting  potash  on  chrysazin,  is  precipitated  from  its  bluish-violet  solution 
in  alkalies  by  acids  in  brown  flocks,  and  crystallizes  from  alcohol.  Its 
triacetyl-compound  forms  light-yellow  needles  melting  at  192Q-1930  C, 
(377.GO-379.40  F.). 

5.  PsendoparpnrixL, — This  is  a  constituent  of  crude  purpurin,  hitherto 
regarded  iis  a  dioxyalizarin  or  tetraoxyanthraquinone,  Cj^HgO^,  but  lately 
shown  by  Rosens tielil  {Comptes  rem/u«,  Ixxxiv.  561)  to  consist  of  pur- 
purin-carbonio  acid,  Cj5HgO7SsC14H.fO5.CO2H,  inasmuch  as  it  is 
resolved  by  heat  into  CO,  and  purpurin.  It  is  also  readily  converted  into 
purpurin  by  alkalies,  even  at  ordinary  temperatures. 

Tetraozyanthraqninone,  Ci4H4(OH)40g,  is  known  in  two  modifi- 
cations : — 

1.  Antiirachrysone,  CgHj(OH)2.C20j.C5Hj(OH)-,  is  formed,  like  anthra- 
flavonc,  from  dioxy benzoic  acid,  CgU3(OH)2.CO.OH,  by  dry  distillation,  or 
by  heating  to  14C)0  C.  (2840  F.)  with  strong  sulphuric  acid.  It  is  insoluble 
in  w^ater,  crystallizes  from  glacial  acetic  acid  or  from  alcohol  in  yellowish- 
red  needles,  melting  at  320O  C.  (6OSO  F.);  yields  anthracene  when  heated 
with  zinc-dust. 

2.  RuFiopix,  C,jn^(On)402,  obtained  by  heating  opianic  acid  (p.  923) 
with  sulpliuric  acid,  forms  yellowish-red  needles  or  crusts,  dissolving  in 
alkalies  with  violet-red  color ;  yields  anthracene  by  reduction  with  zino- 
dust. 

A  third  modification  is  perhaps  Pseudopurpurin^  which  is  contained  in 
madder-root.  It  is  very  much  like  purpurin,  is  converted  into  that  sub- 
stance by  boiling  with  water  or  alcohol,  and  is  said  to  be  converted  by 
reducing  agents  into  purpuroxanthin. 

Rufi gallic  acid,  Cj^HgOg,  obtained  by  heating  gallic  or  digallic  acid 
with  strong  sulphuric  acid, is  a  hexoxyanthr aquinone,  CgU(OH)g. 
C,0,.CgH (011)3.  It  forms  small,  shining,  brown-r«i  crystals,  containing 
211,0,  which  it  gives  off  at  120O  C.  (2480  F.),  and  sublimes  at  a  higher 
temperature  in  cinnabar-red  prisms  ;  dissolves  sparingly  in  hot  water, 
alcohol,  and  ether,  with  brown  color  in  alkalies  ;  precipitated  with  indigo- 
blue  color  by  baryta-water.   Yields  anthracene  by  reduction  with  zino-dust. 
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Methyl-anthraoene,  CijHj^ssCiflly.CHg,  is  fonned  bj  passing  the 
vapor  of  ditoly  I -methane  or  ditolyi-ethane  (p.  936)  through  a  red-hot  tube, 
and  by  heating  chrysophanic  acid,  emodin  or  elo'iu,  with  zinc-dust.  Color' 
less  shining  laminae,  melting  at  200^  C.  (3920F.);  slightly  soluble  in  alco' 
hoi,  ether,  and  glacial  acetic  acid  ;  easily  in  chloroform,  CS^,  and  benzene. 
Forms  with  picric  acid  a  compound  which  crystallizes  in  long  dark-red 
needles,  and  is  decomposed  by  water  and  alcohol. 

Metkiflanthraquinone,  Cy^H^QO^i^  C^H^.Cfi^'^^^j^^Cll^),  obtainiMl 
by  oxidizing  methvlanthracene  in  alcoholic  solution  with  nitric  acid,  forms 
small  yellow  needles,  melting  at  162Q-1630  C.  (323.60-325.40  F.). 

Dioxymethylanthraquinone,  C^^-^fi^=^  Gy^lf^,Q^^(0^)^>0^,  is 
known  in  two  modiCcations  : 

1.  Methylalizarin  is  formed  by  the  action  of  melting  potash  on  the 
potassium  salt  of  methylanthraquinone-sulplionio  acid.  It  closely  resem- 
bles alizarin  ;  sublimos  above  200O  in  tufts  of  small  red  crystals  ;  melts  at 
250O-252O  C.  (4820-485.60F.);  dissolves  in  alkalies  with  blue-violet  color. 

2.  Chrysophanio  acid  (Parietic acidy  Rheic acid)  occurs  in  the  lichen 
Parmdia  parietinay  in  senna  leaves,  and  in  rhubarb  root,  and  may  be  ex- 
tracted therefrom  by  ether  or  alkalii's.  It  crystallizes  in  golden-yellow 
needles  or  prisms,  melts  at  1620  C.  (323. 60  F.),  and  sublimes  partly  with- 
out decomposition ;  dissolves  in  alkalies  with  red  color ;  is  reduced  by 
zinc-dust  to  methyl-anthracene. 

Trioxymethylanthraquinone  or  Emodin ,  C^^^fi^-=s 
C^fi.^(S^\l^)iO\V)^.02i  occurs  in  the  bark  of  Rhamnus  franguiuy  and  in  small 
quantity,  together  with  chrysophanio  acid,  in  rhubarb  root,  and  is  sepa- 
rated by  solution  of  sodium  carbonate,  which  dissolves  the  emodin,  leav- 
ing the  chrysophanio  acid.  Long,  brittle  orange-red,  monoclinic  prisms, 
melting  at  245O-250O  C.  (4730_4820  F.);  converted  into  methyl- anthra- 
cene by  heating  with  zinc-dust. 

Anthracene  carbonic  Acid,  Ci^Hq.COjH,  is  obtained  by  heating  an- 
thracene with  carbonyl  chloride  to  200O  C.  (3920  F.)  in  sealed  tubes,  dis- 
solving the  product  in  sodium  carbonate,  and  precipitating  with  hydro- 
chloric acid.  Long,  silky,  light  yellow  needles,  melting  with  decomposi- 
tion at  206O  C.  (402.80  F.);  slightly  soluble  in  hot  water,  easily  in  alcohol. 
Oxidized  by  chromic  acid  to  anthraquinone  ;  rc'solved  by  heat  into  C(\  and 
anthracene.  An  isomeric  acid,  obtained  by  saponiJScation  of  the  cyanide 
produced  by  heating  potassium  anthracene-sulphonate  with  potassium  fer- 
rocyanide,  melts  abiive  22CO  C.  (42SO  F.),  and  sublimes  without  decom- 
position in  orange-yellow  needles. 


Hydrocarbons    of  Higher    Boiling    Point. 

Pyrene,  C|eH,o,  and  Chrysene,  C^s^ia*  *^®  contained  in^the  portion  of 
ooal-tar  boiling  above  360O  C.  (68i;o  p.)  (b,  p.  of  anthracene),  and  may  be 
separated  by  heating  the  solid  mass  witli  carbon  sulphide,  which  dissolves 
pyrene,  together  with  other  hydrocarbons,  while  the  chrysene  remains  be- 
hind. 

Pyrene  maybe  obtained  pure  by  distilling  off  the  carbon  sulphide, 
dissolving  the  residue  in  alcohol,  and  adding  an  alcoholic  solution  of  picric 
acid.  Red  crystals  then  separate,  consisting  of  a  compound  of  pyrene  and 
picric  acid,  which,  after  purification  by  repeated  crystnllization  from  alco- 
hol, may  be  decomposed  by  ammonia.  Pyrene  crystallizes  in  plates,  melts 
at  1420  C.  (287.LO  F.),  and  distils  at  a  higher   temiJ<;rature  ;  dissolves 
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sparinglj  in  oold,  more  readilj  in  hot  alcohol ;  verv  easilv  in  benz^'oe, 
ether,  and  carbon  sulphide.  Its  picric  acid  compoand,'  C„H,/.C,Hj(NO;) ,< K 
crystalliies  in  red  needles.  Heated  with  hjdriodic  acid  to  2U0O  C.  thS' 
F.),  it  is  oonTerted  into  a  hexhjdride,  C,^H,^.H4,  melting  at  127^0. 
(2oiK<P  F.).  Heated  with  chromic  acid  mixture,  it  yields  pjreue 
quinone,  CnU^O,,  which  sublimes  in  red  needles. 

Chrysene,  C,,H,2,  the  portion  of  the  high-boiling  coal -tar  hydrocarboDS 
which  is  insoluble  in  carbon  sulphide,  may  be  purified  by  repeate<l  crys- 
tallization from  benzeue.  It  is  thus  obtained  in  bright  yellow  glistening 
scales,  which  cannot  be  decolorized  by  recrystallization,  but  may  be  obtained 
quite  colorless  by  heating  with  hydriodic  acid  and  amorphous  phosphorus 
to  24lC>  C.  (4t>4P  F.),  or  by  boiling  with  alcohol  and  a  small  quantity  of 
nitric  acid.  It  dissolves  very  sparingly  in  alcohol,  ether,  and  carbon  sul- 
phide, more  freely  in  benzene ;  sublimes  in  dazzling  white  lamina?,  which  ex- 
hibit a  fine  blue  fluorescence,  and  melt  at  250©  C.  (482©  F.).  Its  picric  acid 
compound,  C|3U|2.CcH3(N0,),0,  crystallizes  in  brown  needles.  By  oxidation 
with  chromic  anhydride  dissolved  in  glacial  acetic  acid,  it  yields  chry- 
senc-quinone,  CigU|oO^  which  crystallizes  in  red  needles,  melts  at 
2350  C.  (4550  F.),  dissolves  with  fine  blue  color  in  strong  sulphuric  acid,  and 
is  precipitated  fk-om  the  solution  by  water  in  its  original  state.  Chryseue- 
quinone  unites  with  acid  sodium  sulphite,  and  is  reduced  by  sulphurous 
a<*id  to  chrysohydroquinone,  C,gHi0(OU),.  By  distillation  with 
8<xia-lime  it  yields  the  hydrocarbon  Ci,H,,  (in.  p.  104Q-105O  C,  219.2^- 
22 lO  F.),  just  as  phenanthrene-quinone  yields  diphenyl  (p.  561). 

Retene,  C,,.H„,  occurs  in  thin  unctuous  scales  on  fossil  pine-stems,  in 
bods  of  pi'at  and  lignite,  in  Denmark  and  other  localities.  It  is  prodnced 
in  the  dry  distillation  of  very  resinous  fir  and  pine  wood,  passing  over 
togt»ther  with  the  heavy  tar-oil,  and  separating  in  scales  like  paraffin  ;  also, 
topotlier  with  other  hydrocarbons,  by  passing  acetylene  through  red-hot 
tubtis.  It  crystallizes  in  colorless  lamins,  slightly  soluble  in  alcohol, 
easily  in  ether;  melts  at  990  C.  (210.20  p.);  forms  with  picric  acid  the 
compound  C,sH„.C,H5(NOg)30,  which  crystallizes  in  orange-yellow  needles ; 
is  converted  by  sulphuric  acid  into  a  disulphonic  acid,  and  by  chromic 
acid  mixture  into dioxyretistene,  C^Hi^O, (ra.  p.  1940_1 9:30 C, 381.1^ 
3830  F.),  and  phthalic  acid.  Dioxyretistene,  heated  with  zinc-dust,  is  con- 
verted into  retistene,  CjgH,^,  which  crystallizes  from  alcohol  in  white 
laminsB,  and  forms  a  crystalline  compound  with  picric  acid. 

Similar  but  less  known  hydrocarbons  are  Hchtelite,  found  on  old  pine- 
stems  ;  Idrialin,  in  quicksilver  ore  from  Idria  ;  and  Scheererite,  in  beds  of 
lignite. 


TERPENBS  and  CAlffFHORS. 

Tlie  terpenes,  CiqII,q,  are  volatile  oils  existing  in  plants,  chiefly  of  the 
coniferous  and  aurantiaceous  orders.  They  have  not  yet  been  formed  by 
any  artificial  process,  but  their  relation  to  the  aromatic  group  is  shown  by 
their  conversion  into  terephthalic  acid  by  oxidation  with  nitric  acid,  and 
by  the  formation  of  cymene  from  turpentine  oil  (p.  819). 

Turpentine  oil,  the  most  important  member  of  the  group,  is  con- 
tained in  the  wood,  bark,  leaves,  and  other  parts  of  pines,  firs,  and  other 
coniferous  trees,  and  is  usually  prepared  by  distilling  crude  turpentine, 
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the  oleo-resinons  jaice  which  exudes  from  incisions  in  the  bark  of  the 
trees,  either  alone  or  with  water.  It  was  formerly  supposed  that  all  the 
volatile  oils  thus  obtained,  and  having  the  composition  C,oH}q,  were  iden- 
tical in  chemical  and  physical  properties  ;  but  recent  invetitigatlons,  espe- 
cially those  of  Berthelot,  have  shown  that  the  turpentine  oils  obtained 
from  different  sources  exhibit  considerable  diversities  in  their  physical, 
and  more  especially  in  their  optical  properties  ;  further,  that  most  kinds 
of  turpentine  oil  are  mixtures  of  two  or  more  isomeric  or  polymeric  hydro- 
carbons, differing  in  physical  and  sometimes  also  in  chemical  properties. 
These  modifications  are  often  produced  by  the  action  of  heat  and  of  chemi- 
cal reagents  during  the  purification  of  the  oil. 

The  several  varieties  of  turpentine  oil,  when  purified  by  repeated  recti- 
fication with  water,  are  colorless  mobile  liquids,  having  a  peculiar  aromatic 
but  disagreeable  odor.  They  are  insoluble  in  water,  slightly  soluble  in 
aqueous  alcohol,  miscible  in  all  proportions  with  absolute  alcohol,  ether, 
and  carbon  disulphide.  They  dissolve  iodine,  sulphur,  phosphorus,  and 
many  organic  substances  which  are  insoluble  in  water,  such  as  fixed  oils 
and  resins,  and  are  therefore  used  for  making  varnishes. 

The  principal  varieties  are,  French  turpentine  oil,  obtained  from  the 
French  or  Bordeaux  turpentine  of  Pinus  maritinuif  and  English  turpentine 
oil,  from  the  turpentine  collected,  in  Carolina  and  other  Southern  States  of 
the  i^merican  Union,  from  Pinus  austrcUis  and  Pintu  Tceda. 

French  turpentine  oil,  when  purified  by  neutralizing  it  with  an  alkaline 
carbonate,  and  then  distilling  it,  first  over  the  water-bath,  and  then  in  a 
vacuum  (by  which  treatment  all  transformation  of  the  product  by  heat  or 
by  reagents  is  avoided),  consists  mainly  of  a  hydrocarbon,  CioH,^,  called 
terebenthene.  It  has  a  specific  gravity  of  0.864,  boils  at  I610  C. 
(321. 80  F.),  and  turns  the  plane  of  polarization  of  a  ray  of  light  to  the 
left.  English  turpentine  oil,  treated  in  a  similar  manner,  yields,  as  its 
chief  constituent,  a  liquid  caled  australene,  or  austratereben- 
t  h  e  n  e ,  having  the  same  specific  gravity  and  boiling  point  as  tereben- 
thene, but  turning  the  plane  of  polarization  to  the  right. 

When  pure  turpentine  oil  (terebenthene  or  australene)  is  heated  to 
200O-250O  C.  (3920-4820  F.),  it  undergoes  a  molecular  transformation, 
and  may  then  be  separated  by  distillation  into  two  oils,  one  called  a  u  s  t  r  a- 
pyrolene,  isomeric  with  the  original  oil,  and  boiling  at  17GQ-1780  C. 
(348.8^^352.4P  F.)  ;  the  other,  called  metaterebenthene,  polymeric 
with  the  original  oil,  having  the  formula  C^H,,,  and  boiling  at  a  tempera- 
ture above  360O  C.  (680O  F.).  Both  are  levorotatory,  the  latter  exhibiting 
the  greater  amount  of  rotatory  power. 

Turpentine  oil  is  converted,  by  repeated  distillation  with  a  small  quantity 
of  strong  sulphuric  acid,  into  two  inactive  modifications,  terebene, 
CioHi,,  boiling  at  160O  C.  (320O  F.),  and  colophene,  CjoHja,  boiling  at 
a  very  high  temperature.  A  body  of  the  same  percentage  comi>osition, 
and  closely  resembling  terebene  in  its  physical  propertied,  is  obtained  by 
the  action  of  bromine  and  alcoholic  potash  on  diamylene  (p.  508)  : 

Turpentine  oil  exposed  to  the  air  absorbs  oxygen,  and  acquires  powerful 
oxidizing  properties,  formerly  supposed  to  be  due  to  the  conversion  of  the 
oxygen  into  ozone ;  but  according  to  recent  experiments  by  Kingzett,*  it 
appears  highly  probable  that  the  oxidizing  compound  is  an  organic  perox- 
ide, CioHj^O^,  which  when  heated  with  water  is  resolved  into  hydrogen 
dioxide  and  camphoric  acid :  C10H14O4  +  2HgO  =  H^Oj  -h  (^io^^i6^4  • 

Nitric  acid  and  other  powerful  oxidizing  agents  convert  turpentine  oil 

•  Chem.  Soo  Journ.  1874,  611 ;  1876, 214. 
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into  a  number  of  acid  products  of  complex  oonstitntion.     Strons  nitric 
acid  acts  very  violently  on  turpentine  oil,  sometimes  setting  it  on  fire. 

Chlorine  is  absorbed  by  turp«*ntine  oil,  with  evolution  of  heat,  sometimes 
sufficient  to  produce  inflammation.  When  paper  soaked  in  rectified  tur- 
pentine oil  is  introduced  into  a  vessel  filled  with  chlorine,  the  turpentine 
takes  fire,  and  a  quantity  of  black  smoke  is  produced,  together  with  white 
fumes  of  hydrochloric  acid.  Bromine  acts  in  a  similar  manner.  Iodine  is 
dissolved  by  turpentine  oil,  forming  at  first  a  green  solution,  which  after- 
wards becomes  hot,  and  gives  off  hydriodic  acid.  When  a  considerable 
quantity  of  iodine  is  suddenly  brought  in  contact  with  turpentine  oil,  ex- 
plosion frequently  ensues.  Turpentine  oil  distilled  with  chloride  of  lime 
and  water,  yields  chloroform. 

Nitrosoterpene,  CioH,j(NO).  —  When  gaseous  nitrosyl  chloride, 
NOCl  (obtained  by  passing  the  gases  evolved  from  heated  nitrohydro- 
chloric  acid  into  strong  sulphuric  acid,  and  heating  the  resulting  solution 
with  sodium  chloride),  is  passed  into  oil  of  turpentine  cooled  by  ioe  and 
salt,  a  white  crystalline  substance  is  precipitated,  having  the  composition 
C,oU|f.NOCl,  and  this  when  heated  with  alcoholic  soda  gives  up  UCl,  and 
is  converted  into  nitrosoterpene.  On  acidulating  with  acetic  acid,  evapo- 
rating to  dryness,  washing  the  residue  with  water,  and  crystallizing  it 
from  alcohol,  the  nitrosoterpene  is  obtained  in  monoclinic  crystals  melting 
at  1290-1300  C.  (264.20-2660  F.),  and  subliming  at  a  somewhat  higher 
temperature.  It  burns  easily,  but  is  not,  explosive.  Sodium-amalgam 
reduces  it  to  a  hydrocarbon. 

Compounds  of  Turpentine  oil. — Turpentine  oil  forms  several 
compounds  with  hydrochloric  acid.  The  gaseous  acid  c-onverts  it  into  the 
monohydroohloride,  C^oHjf.HCl.  On  the  other  hand,  when  the  oil 
is  subjected  for  several  weeks  to  the  action  of  the  strong  aqueous  acid, 
crystals  of  a  di  hydrochloride,  C|oU|5.2HCl,  are  obtained.  This  latter 
compound  is  also  formed  by  the  action  of  hydrochloric  acid  gas  on  lemon  oil: 
hence  it  is  called  citrene  dihy  drochl  oride  .  By  the  action  of  hy- 
drochloric acid  on  terebene,  the  compound  C^Hq.HCI  is  formed,  called 
diterebene  hydrochloride.  Lastly,  when  a  current  of  hydrochloric 
acid  gas  is  passed  through  a  solution  of  turpentine  oil  in  acetic  acid,  the 
compound  CggUsfSHCl.  is  produced,  called  dipyrolene  hydrochlo- 
ride. 

Ilydrobromic  and  hydriodic  acids  form,  with  oil  of  turpentine,  oompounda 
analogous  in  composition  to  the  hydrochlorides ;  the  dihydriodide,  how- 
ever, has  not  been  obtained  from  turpentine  oil  itself. 

Whatever  metliod  may  be  adopted  for  preparing  the  hydrochlorides,  hy- 
drobromides,  or  the  monohydriodide  of  turpentine  oil,  there  are  always 
two  isomeric  modifications  obtained— one  liquid,  the  other  solid  and  crys- 
talline. The  crystallized  monohydrochloride  is  sometimes,  though  in- 
appropriately, designed  as  artiJiacU  camphor,  and  the  dihydroohloride  as 
letnon  camphor. 

Hydrates. — Turpentine  oil  left  in  contact  with  water  generally 
changes  into  a  crystalline  compound  C|oH,g.3H.p  called  terpin  hy- 
drate, which  is  more  easily  obtained  by  leaving  a  mixture  of  8  pts. 
turpentine  oil,  2  pts.  nitric  acid  of  specific  gravity  1.2.5,  and  1  pt.  alcohol 
exposed  to  the  air  in  a  shallow  vessel.  It  forms  rhombic  crystals,  inodor- 
ous, easily  soluble  in  water,  alcohol,  and  ether.  It  melts  below  lOOO^ 
giving  off  water,  and  being  converted  into  a  white  crystalline  mass  called 
terpin,  having  the  composition  C,oHi,.2Fl,0,  or  C^H,g(OH)„  which 
melts  at  103O  C.  (217.40  F.),  and  sublimes  in  slender  needles ;  with  bro- 
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mine  at  50O  c.  (1220  F.)  it  forms  a  bromide  which,  when  distilled,  yields 
cymene. 

B7  heating  the  aqueons  solution  of  terpin  with  a  small  quantity  of 
hydrochloric  acid,  or  by  boiling  the  dihydrochloride,  C,oHi,.2HCi,  with 
water  or  alcoholic  potash,  terpin ol,  2C\oH,g.H20,  is  obtained  as  an  oil, 
smelling  like  hyacinths,  and  distilling  at  I68O  C.  (334.40  F.). 

Constitution  and  Combining  Capacity  of  Turpentine  Oil, — ^The  hydrocarbon 
CiqUiq  acts  as  a  quadrivalent  radicle,  capable  of  uniting  with  four  monad 
atoms,  and  therefore  with  two  molecules  of  the  acids  UCl,  HBr,  and  HI, 
thereby  producing  the  dihydrochlorides,  etc.,  above  mentioned  ;  but,  like 
other  tetrad  radicles,  it  can  also  take  np  only  two  monad  atoms,  producing 
the  monohydrochloride,  etc.  The  same  tetrad  radicle,  by  doubling  itself, 
loses  two  units  of  equivalence — Just  as  two  atoms  of  carbon  when  united 
are  satisfied  by  six,  and  not  by  eight  atoms  of  hydrogen — and  forms  the 
hydrocarbon,  C20H3,,  which  is  sexvalent,  and  can  therefore  form  such  com- 
pounds as  C7oH.^.3HCl.  Further,  this  same  hexad  radicle  might  form  non- 
saturated  compounds  containing  only  four  or  two  monad  atoms  ;  in  reality, 
however,  only  those  containing  two  monad  atoms  are  known,  such  as 
CflHaj.HCl. 

if  in  the  several  hydrochlorides  each  atom  of  chlorine  be  replaced  by 
hydroxyl,  HO,  we  obtain  the  formuln  of  the  several  hydrates  of  turpen- 
tine oil ;  the  hydrate  corresponding  with  the  hydrochloride,  CjoHj,.3HCl, 
has  not,  however,  been  prepared. 

The  formation  of  cymene  from  turpentine,  by  first  converting  the  latter 
into  the  dibromide,  CioHi^Br,,  and  then  abstracting  H^Br,  (p.  819),  shows 
that  turpentine  oil  is  a  hydride  of  cymene.  Now  cymene  is  methyl-pro- 
pyl-benzene,  CgH4.(CH3)(G3Hy)  :  hence  the  relation  of  the  two  hydrocar- 
bons may  be  represented  by  the  following  formals :-» 


"* 
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Oymena.  Turpentine  oU. 

The  presence  of  two  lateral  chains  in  the  molecule  in  the  position  1  :  4, 
is  in  accordance  with  the  formation  of  terephthalic  acid  by  oxidation  of 
turpentine  oil.  The  other  products  of  its  oxidation  are  likewise  in  accord- 
ance with  this  view  of  the  constitution  of  turpentine  oil.  Other  arrange- 
ments of  the  radicles  CH,  and  CjH^  in  the  molecule  are,  however,  con- 
ceivable, and  may  perhaps  give  rise  to  some  of  the  isomeric  modifi- 
cations of  turpentine  oil  and  its  congeners.  Other  modifications  may 
arise  from  the  hydration  of  other  metameric  forms  of  the  molecule  CiqH,^, 
«.</.,  ethyl-dimethyl-benzene  and  tetra-methyl-benzene. 

The  formula  of  turpentine  oil  above  given,  in  which  the  double  union 
of  one  pair  of  carbon-atoms  in  cymene  is  loosened,  represents  the  molecule 
as  saturated.  A  similar  loosening  of  a  second  pair  would  render  the  mole- 
cule bivalent,  and  therefore  capable  of  taking  up  1  mol.  of  HCl,  HBr,  Br„ 
etc.,  and  the  loosening  of  the  third  pair  would  render  it  quadrivalent,  and 
capable  of  uniting  with  2UC1,  2HBr,  etc. 
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Acids  produced  by  Oxidaiion  of  7urp«nh*ne-ot7.— Turpentine-oil  ^ilcd  with 
dilute  nitric  acid  yields  formic,  acetic,  butyric,  oxalic,  terebic,  toluic,  and 
tereplithalic  acids. 

Terebic  acid,  C^HiqO^,  crystallizes  in  shining  prisms,  easily  soluble  ' 

in  hot  water  and  alcohol ;  melts  at  1750  C.  (347^  F.)»  &nd  sublimes  at  a  I 

lower   temperature.     By  distillation   it  is  resolved  into  CO,,  and   pyro-  | 

terebic  acid,  CJI,oO,  (p.  718).  By  boiling  with  carbonates  it  forms 
salts,  C^HgM'O^,  which  by  the  action  of  strong  bases,  are  converted  into 
salts,  C^HjoM'^Oj,  called  diaterebates,  the  acid  of  which,  CfH^O^,  can- 
not be  obtained  in  the  free  state,  as,  when  separated  from  the  salts,  it  is 
immediately  resolved  into  water  and  terebic  acid. 

Terpin  heated  to  400©  C.  (752©  F.)  with  soda-lime  is  converted  into 
terebentilic  acid,  CgHjQO,,  which  crystallizes  from  hot  water  and 
alcohol  in  slender  needles  melting  at  9(P  C.  (194^  F.),  and  distilling  at 
25(r>  C.  (482^  F.).  By  oxidation  with  chromic  acid  mixture,  terpin  yields 
terpenylic  acid,  CgH  g^O^,  which  is  monobasic,  crystallizes  from  water 
with  1  mol.  H,0,  and  melts  in  the  dehydrated  state  at  90O  C.  (194P  F.). 

Volatile  or  Easentlal  Oils. — The  volatile  oils  obtained  from  plants 
by  pressure,  or  by  distillation  with  water,  consist  either  of  hydrocarbons, 
isomeric  or  polymeric  with  turpentine  oil,  or  of  mixtures  of  these  hy- 
drocarbons with  compounds  of  carbon,  hydrogen,  and  oxygen.  Those 
obtained  from  aurantiaceous  plants  are  terpenes,  distinguished  by  their 
fragrant  odor.  Lemon  oil,  from  the  rind  of  the  fruit  of  CUnu  Limonnm, 
consists  mainly  of  citrene,  C]oH|„  a  dextrorotatory  terpene,  clotsely 
resembling  terebenthene,  having  a  specific  gravity  of  0.85  at  150  C.  (590 
P.),  boiling  at  1670  or  1680  C.  (232, 60  or  2340  F.).  With  water  it  forms 
a  crystallized  hydrate  resembling  terpin  ;  with  hydrochloric  acid,  a  dihy- 
drochloride,  C,oH|g.2HCl,  existing  in  a  solid  and  liquid  modification,  and 
a  monohydrociiloride,  CisHk.UCI,  apparently  susceptible  of  similar  modi- 
fications. 

Similar  oils  are  obtained  from  the  rind  of  the  sweet  orange  {CitruM 
anrantinm),  the  bergamot  (C.  hergamid),  the  bigarade  or  bitter  orango  (C 
bigaradia),  the  lime  (C  limetta),  the  sweet  lemon  (C.  Iwiiia),  and  the 
citron  (C.  medico).  Oil  of  neroli,  obtained  by  distilling  orange  flowers 
with  water,  is  probably  also  a  terpene  when  pure. 

The  volatile  oils  of  athamanta,  beech,  borneo  (from  Dryabalanops  Cam- 
phord)f  caoutchouc,  caraway,  camomile,  coriander,  elemi,  gomart,  hop, 
juniper,  imperatoria,  hiurel,  parsley,  pepper,  savin,  thyme,  valerian,  and 
others,  also  the  neutral  oils  of  wintergreen  {Gaultheria  procumbent),  and 
cloves,  are  isomeric  with  oil  of  turpentine.  The  oils  of  copaiba  and 
cubebs  are  probably  polymeric  with  it,  their  molecules  containing  CgoHj,. 

As  examples  of  volatile  oils  containing  an  oxygenized  constituent  mixed 
with  a  tt'rpene,  may  be  mentioned  valerian  oil,  which  contains  valeric 
acid,  CgHjgO^ ;  pelargonium  oil,  containing  pelargonic  acid,  C^HigO, ;  rue 
oil,  containing  euodic  aldehyde,  Gi,HjgO  ;  wintergreen  oil,  containing  acid 
methyl  salicylate,  CgHgO,.  Some  volatile  oils  consist  essentially  of  alde- 
hydes :  thus,  bitter  almond  oil  consists  of  benzoic  aldehyde,  C^HgO ;  the 
oils  of  cinnamon  and  cassia  contain  cinnamic  aldehyde,  OfUfi  ;  and  those 
of  anise,  star-anise,  fennel,  and  tarragon,  contain  anethol,  CiqHj^O.  Thane 
volatile  oils  which  exist  ready  formed  in  living  plants  do  not  appear  to 
contain  any  elements  besides  carbon,  hydrogen,  and  oxygen.  Sulphnr  is 
found  only  in  certain  oils  resulting  from  a  kind  of  fermentation  process, 
as  in  the  volatile  oils  of  mustard  and  garlic  ;  nitrogen,  when  it  occurs, 
must  be  re<2:arded  as  an  impurity  resulting  from  admixed  vegetable  tissue. 

A  few  volatile  oils  are  found  in  the  bodies  of  animals— oil  of  ants,  foir 
example. 
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Most  volatile  oiU  are  colorless  when  pure  ;  they  often,  however,  have  a 
yellow  color  arising  from  impurity  ;  and  a  few,  the  oils  of  wormwood  and 
camomile,  for  example,  have  a  green  or  blue  color,  due  to  the  presence 
of  an  oily  compound  of  a  very  deep  blue  color,  called  cerulein.  They  have 
usually  a  powerful  odor,  and  a  pungent  burning  taste.  When  exposed  to 
the  air  they  frequently  become  altered  by  slow  absorption  of  oxygen,  and 
assume  the  character  of  resins.  They  mix  in  ail  proportions  with  fat  oils, 
such  as  linseed,  nut,  colza,  and  whale  oils,  and  dissolve  freely  both  in 
ether  and  alcohol :  from  the  latter  solvent  they  are  precipitated  by  the 
addition  of  water.  Volatile  oils  communicate  a  greasy  stain  to  paper, 
which  disappears  by  warming ;  by  this  character  any  adulteration  with 
fixed  oils  can  be  at  once  detected.  Many  volatile  oils,  when  exposed  to 
cold,  separate  into  a  solid  crystalline  compound  called  a  stearoptene^  and  a 
liquid  oil,  which,  for  distinction,  is  sometimes  called  an  dcaoptene. 


Camphors. 


These  are  oxygenated  crystalline  comx>ounds,  having  a  peculiar  odor. 
They  contain  10  atoms  of  carbon,  and  are  nearly  related  to  the  terpenes, 
with  which  they  are  associated  in  plants,  and  by  the  oxidation  of  which 
they  appear  to  be  formed.  The  principal  members  of  the  group  are  com- 
mon camphor,  C^qIIijO,  and  borneo-camphor  or  borneol,  CjoHigO,  which 
stand  to  one  another  in  the  relation  of  a  ketone  to  a  secondary  alcohol. 
The  constitution  of  these  bodies  is  not  completely  established,  but  their 
Intimate  relation  to  cymene,  Ci^H,^  (p.  419),  and  carvacrol,  CiqTIj^O  (p. 
871),oymeiie  btnng  produced  by  heating  common  camphor  with  zinc  chlo- 
ride or  phosphorus  pentasulphide,  and  carvacrol  by  heating  the  same  sub- 
stance with  iodine,  render  it  probable  that  they  and  their  nearest  products 
of  oxidation  may  be  represented  by  the  following  formulae  :^ 

CH,                   CHj  CHj                         CHj 

Ac  GO 

HC   CO     HC   CH.OH  HC   CO.OH    HC   CO.OH 

H.C      CH,        H,C      CH,  H,C      CH,              H,C      CO.OH 

CH  CH  CH  CH 

I    _  l_  I    .  I. 


CsIL  GaH,  C,Ht  C^H^ 

Common  Borneol.  Gampholio  Gamphoi 

Camphor.  acid.  acid. 


Common  Camphor,  Laurel  Camphor,  or  Japan  Camphor,  C^^^fi, 
occurs  in  all  parts  of  the  camphor-tree  of  China  and  Japan  {Laurus  Cam- 
phora)y  often  deposited  in  distinct  crystals  ;  it  is  obtained  by  distilling  the 
woody  parts  with  water,  and  purified  by  sublimation.  It  has  been  pro- 
duced artificially  in  small  quantity  by  oxidation  of  oil  of  sage  and  oil  of 
valerian  (».  e.,  of  the  terpenes  contained  in  them)  by  nitric  acid ;  of  tur- 
pentine oil  by  potassium  permanganate  ;  of  camphene  (from  borneol)  by 
platinum-black  or  chromic  acid  mixture  ;  also  by  oxidation  of  cymene. 

Common  camphor  is  a  colorless  translucent  mass,  tough  and  difficult  to 
powder,  having  a  strong  and  peculiar  taste  and  smell,  and  a  density  of 
0.9S5.     Small  pieces  thrown  on  water  move  about  with  a  rotatory  motion, 
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It  volatilizes  at  ordinary  temperatures,  melts  at  1750  C.  (34TO  F.)»  and 
distils  at  204P  C.  (399.20  F.).  It  dissolves  sparingly  in  water,  easily  in 
alcohol,  ether,  acetic  acid,  and  volatile  oils  ;  and  crystallizes  from  alcohol 
— ^also  by  sublimation — in  shining  strongly  refractive  crystals.  The  alco- 
holic solution  is  dextro-rotatory  :   [a]  =  -f-47.4P. 

By  distillation  over  fused  zinc  chloride,  or  with  phosphoric  anhydride, 
camphor  is  resolved  into  water  and  cymene  :  C,oHijO  «ss  C,^)H,4  +  H,0, 
considerable  quantities  of  mesitylene,  toluene,  xylene,  and  other  hydro- 
carbons being,  however,  formed  at  the  same  time.  The  formation  of 
cymene  takes  place  more  definitely  when  camphor  is  distilled  with  phos- 
phorus pentasulphide,  thiocymene,  CiqH^SH,  being  formed  at  the  same 
time.  Heated  with  iodine  (^  part)  it  yields  carvacrol.  .  By  heating  with 
alcoholic  potash  it  is  resolved  into  borneol  and  camphic  acid,  just  as  benz- 
aldehyde  is  resolved  into  benzyl  alcohol  and  benzoic  acid : 

aCioHieO    +     KOH    =    CioH^O    +     CjoHj^KO,  . 

By  heating  with  nitric  acid,  camphor  is  converted  into  camphoric  and 
camphoronio  acids  ;  heated  to  40UO  C.  (7520  F.)  with  soda-lime,  it  yields 
campholio  acid,  CioH^gOj. 

Camphor,  heated  with  bromine  to  11CO-120O  C.  (230O_24SO  F.),  yields 
crystalline  CjoHisBrO  (m.  p.  750  C,  1670  F.,  b.  p.  2750  C.,  6270  F.), 
and  C,oH,4Br,0  (m.  p.  214©  C,  417.20  F.,  b.  p.  285©  C,  545©  p.). 
Camphor  dissolveii  in  chloroform  takes  up  bromine,  forming  Ci^HjgOBr,, 
easily  converted  into  CjoHj^BrO. 

Camphor  treated  with  hypochlorous  acid,  yields  monoddoro-ctnRphor, 
CioHi5C10,  a  crystalline  mass  melting  at  950  C.  (203©  F.),  and  converted 
by  heating  with  alcoholic  potash  into  oxycamphor,  C,oH,,Oj,  which  sublimes 
in  needles  melting  at  1370C.  (278.60  F.).  Camphor  heated  with  POj 
yields  the  compounds  CiqHuCIj  and  CiqHijCI,  easily  converted,  by  ab- 
straction of  hydrogen  chloride,  into  cymene. 

A  solution  of  camphor  in  toluene  heated  with  sodium,  deposits  a  mixture 
of  sodium-camphor  and  sodium-borneol : 

2CioHjeO    -f    Na,    =    CioHj^NaO    +    Ci^H^NaO  ; 

and  these  compounds  treated  with  CH,!  and  C^HjI,  yield  methyl-  and 
ethyl-derivatives  of  camphor  and  borneol ;  Cu,Hi^(CjH5)0  is  a  liquid  boil- 
ing at  230O  C.  (44GO  F.). 

When  the  sodium-compounds  are  treated  at  lOOO  with  COj,  the  sodium 
salts  of  camphooarboni  c  acid,  CiqHj^O.CO^U,  and  borneocar- 
bonio  acid,  Ci^H^O.COjH,  are  produced  ;  and  on  treating  the  resalt- 
ing  mass  with  water,  borneol  separates  from  the  toluene  which  floats  on 
the  surface,  and  the  aqueous  solution  mixed  with  hydrochloric  aoid 
yields  a  precipitate  of  camphocarbonio  aoid.  Tliis  acid  crystallizes  from 
alcohol  in  small  prisms,  melting  at  1180  C.  (244.4P  F.),  and  is  easily 
resolved  into  CO,  and  camphor. 


Tsomerides  of  Camphor. — By  distilling  the  essential  oil  of  feverfew  {Pifre- 
thrum  Parihemu7u)y  and  collecting  apart  the  portion  which  passes  over 
between  200Oand220O  C.(3920  and  428©  F.),  an  oil  is  obtained,  which,  on 
cooling,  deposits  a  crystalline  substance  resembling  common  camphor  in 
every  respect,  except  that  its  action  on  polarized  light  is  exactly  equal  and 
opposite  :  [«]= — 47.40.  The  essential  oils  of  many  labiate  plants,  as  rose- 
mary, marjoram,  lavender,  and  sage,  often  deposit  a  substance  having  the 
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composition  and  all  the  properties  of  common  camphor,  excepting  that  it 
is  inactive  to  polarized  light. 

Absinthol,  C,oH,gO,  from  oil  of  wormwood  (Artemisia  Absinthium)  y 
is  liquid,  boils  at  15)50  C.  (383©  F.),  and  is  converted  by  PjjSjinto  cymene. 
Similar  liquid  camphors  are  obtained  by  oxidation  of  certain  terpenes,  as 
the  oils  of  orange  and  nutmeg.  A  polymeric  camphor,  caryophyllin, 
CjoHjjsOj  (m.  p.  above  300O  C,  572©  F.);  is  contained  in  cloves. 


Bomeo-oamphor  or  Bomeol,  CjoHjgO  =s  C,oH,7.0H,  occurs  in  Drya- 
balanops  Campliora,  a  tree  growing  in  Borneo  and  Sumatra :  it  is  formed 
artificially  by  heating  common  camphor  with  alcoholic  potash,  or  treating 
it  with  sodium  (p.  966). 

Bomeol  is  very  much  like  common  camphor,  has  a  camphorous  and 
peppery  odor,  melts  at  1980  C.  (388.40  F.),  and  boils  at  212^  C.  (413.GO 
F.).  Its  alcoholic  solution  is  dextrorotatory.  By  heating  with  nitric  acid 
it  is  converted,  first  into  common  camphor,  then  into  camphoric  and  cam- 
phoronic  acids.  By  heating  with  P^Oj,  it  is  resolved  into  water  and  b  o  r- 
neene,  CigH,,,  apparently  identical  with  the  terpene  contained  in  ordi- 
nary camphor- oil  (from  Laurus  Camphord),  and  in  valerian  oil ;  when  left 
in  contact  with  potash-lye,  it  is  reconverted  into  bomeol. 

Bomeol  is  an  alcohol,  yielding  compound  ethers  when  heated  to  about 
20(P  C.  (3920  F.)  with  organic  acids.  The  stearic  ether,  C,oll,7.0.C,j,H350, 
is  a  colorless,  viscid  liquid,  which  gradually  solidifies.  By  the  action  of 
PCI5  at  ordinary  temperatures,  or  by  heating  in  a  sealed  tube  with  HCl, 
borneol  is  converted  into  the  chloridey  CjoHj^Cl,  a  crystalline  substance 
melting  at  146°  C.  (294.80  F.),  and  very  much  like  the  solid  modification 
of  the  hydrochloride  of  turpentine-oil,  with  which  it  is  isomeric. 

Isomeric  with  borneol  are  the  liquid  camphors  contained  in  the  oils  of 
hops;  Indian  geranium,  cajeput,  coriander,  and  Osmitopsis  asteriscofdes. 
Homologous  with  bomeol  is  Auchouli-camphory  CijH^gO,  contained  in  oil  of 
patchouli;  it  is  a  crystalline  mass,  melting  at  640-55O  C.  (129.2C-1310F.), 
boiling  at  296©  c.  (564.80  F.). 

Mint-oamphor  or  Menthol,  C,oH.^O,  occurs,  together  with  a  terpene, 
in  oil  of  peppermint  (Mentha  piperita) y  and  separates  in  crystals  on  cooling 
the  oil.  It  melts  at  360  C.  (96.80  F.),  boils  at  2130  C.  (415.40  F.)  ;  turns 
the  plane  of  polarization  to  the  left ;  forms  compound  ethers  with  acids ; 
is  converted  by  PCI5  or  HCl  into  the  liquid  chloride,  C^qHijCI,  and  by  dis- 
tillation with  PsOg  or  ZuCl,  into  liquid  menthene,  C^oHig,  which  boils 
at  1630  C.  (325.40  p.). 


Acids  produced  by  Oxidation  of  CampJior. 

Camphollc  Acidi  C^jHigO,,  obtained  by  passing  camphor-vapor  over 
heated  soda-lime,  or  by  ttie  action  of  potassium  on  a  solution  of  camphor 
in  petroleum,  crystallizes  from  alcohol  in  prisms  or  scales,  slightly  soluble 
in  water,  melting  at  950  C.  (203^  F.),  and  easily  subliming ;  converU«d  by 
nitric  acid  into  camphoric  and  camphoronic  acids  ;  resolved  by  distillation 
with  phosphoric  anhydride  into  HjO,  CO,,  and  campholene,  C.H„,  boiling 
at  1350  C.  (2750  F.). 

Camphorlo  Aoid,  C^oH^O^  =  C8Hi4(C04H)j,  is  obtained  by  prolonged 
boiling  of  common  camphor  or  borneol  with  nitric  acid : 

CioHwO  +  O3  =  CioH„0,  and  CioH„0  +  0,  =  CioH^O,  +  11  fi . 
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It  is  dextro-  or  levo-rotatory  according  to  the  variety  of  camphor  used  in 
its  preparation ;  a  mixture  of  the  dextro-  and  levo-rotatory  camphors  in 
equal  quantities  yields  an  inactive  camphoric  acid. 

Dextrocamphoric  acid  crystallizes  from  hot  water  in  oolorless  lamins, 
easily  soluble  in  alcohol,  melting  at  175Q-1780  C.  (347^-353.4P  F.),  and 
decomposing  at  a  high  temperature  into  water  and  camphoric  anhydride, 
CigHi^Os,  which  sublimes  at  130O  C.  (266^  F.)  in  shining  needles,  melts  at 
2170  C.  (422.60  F.),  and  Iwils  at  270©  C.  (5180  F.). 

The  acid  is  blbasic.  The  calcium  and  barium  salts  are  easily  soluble  in 
water,  and  crystallize  well.  The  calcium  salt  is  resolved  by  heat  into  carbo- 
nate and  camphor-phorone:  C,qH i404Ca  =  GOjCa  +  C-H^O,  isomeric 
with  phorone  from  acetone  (p.  680),  a  liquid  which  boils  at  208^  C.  (406.40 
F.),  and  does  not  yield  cymene  when  heated  with  phosphoric  anhydride. 

Camphoric  acid  heated  with  water  to  150O-200O  C.  (3020-3920  p.)  is 
converted  into  two  inactive  modifications,  isocamphoric  and  para- 
camphoric  acids.  The  former  crystallizes  in  slender  needles  melting 
at  1130  C.  (235.40  F.). 

The  acid,  or  its  anliydride,  heated  with  bromine  to  130O-150O  C.  (2660- 
3020  F.),  yields  bromocamphoric  anJi^dride,  CiQHjjBrOg,  which  crystallizes  in 
needles  melting  at  2150  C.  (4190  F.),  and,  when  boiled  with  water,  is  con- 
verted into  the  monobasic  acid,  C,oHj404  (^oxycamphoric  anhydride  or  camphanic 
acid),  melting  at  2010  C.  (339.80  F.),  and  subliming  at  llOO  C.  (230O  F.). 
This  acid,  or  oxy anhydride,  heated  with  water  to  1810  C.  (357. SO  F.), 
yields  a  hydrocarbon  CgU,^,  boiling  at  120O  C.  (2480  F.). 

Camphoronio  acid,  CgHj^Og,  and  Oxycamphoronic  acid, 
CgHi20g,  are  contained  in  the  mother-liquor  of  the  preparation  of  camphoric 
acid.  The  former  crystallizes  from  water  in  slender  needles  with  1  mol. 
H.^0,  which  it  gives  off  at  llOO  C.  (230O  F.)  ;  melts  in  the  dehydrated 
state  at  1150  C.  (2390  F.)  ;  and  distils  without  decomposition.  The  oxy- 
acid,  CgUijOj,  crystallizes  in  long  prisms  melting  at  164.50  C.  (328.  lO  F.*). 


Resins  and  Balsams. 

Common  resin,  or  colophony,  is  perhaps  the  best  example  of  the  clas9. 
It  is  the  resinous  substance  which  remains  when  turpentine  or  pine-resin 
is  heated  till  the  water  and  volatile  oil  are  expelled,  and  consists  essen- 
tially ofsylvic  or  abietio  acid,  C^oHj^jOj.  On  boiling  the  resin  for 
a  long  time  with  alcohol  of  about  80  per  cent.,  filtering,  and  adding  a  little 
water,  the  sylvic  acid  separates  in  the  crystalline  state.  It  crystallizes 
from  alcohol  in  laminae  melting  at  1290  C.  (264.20  F.).  It  is  monobasic; 
its  alkali-salts  are  soluble  and  crystal lizable. 

An  acid  called  pimaric  acid,  isomeric  with  sylvic  acid,  is  obtained 
from  the  turpentine  of  the  Pinxts  marititna  of  Bordeaux. 

Lac  is  a  very  valuable  resin,  much  harder  than  colophony,  and  easily 
soluble  in  alcohol :  three  varieties  are  known  in  commerce — viz.,  8tick4ac, 
seed-lac,  and  shellac.  It  is  Used  in  varnishes,  and  in  the  manufacture  of 
hats,  and  very  largely  in  the  preparation  of  sealing-wax,  of  which  it  forms 
the  chief  ingrtMiient.  Crude  lac  contains  a  red  dye  called  lac-dye^  which 
is  partly  soluble  in  water.  Lac  dissolves  in  considerable  quantity  in  a  hot 
solution  of  borax ;  Indian  ink,  rubbed  up  with  this  liquid,  forms  an  ex- 
cellent label-ink  for  the  laboratory,  as  it  is  unaflfected  by  acid  vapors,  and, 
wh<*n  once  dry,  becomes  nearly  insoluble  in  water. 

Mnsticy  dammar-rejiin,  and  sandarac  are  resins  largely  used  by  the  varnish 
maker.     Dragon's  blood  is  a  resin  of  deep-red  color.     Co^miI  is  also  a  vhtv 
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valuable  Babstance :  it  differs  from  the  other  resins  in  being  bnt  slowly 
dissolved  hy  alcohol  and  essential  oils.  It  is  miscible,  however,  in  the 
melted  state  with  oils,  and  is  thus  made  into  varnish.  Amber  appears  to 
be  a  fossil  resin ;  it  is  found  accompanying  brown-coal  or  lignite. 

Most  resins,  when  exposed  to  destructive  distillation,  yield  oily  pyro- 
products,  usually  consisting  of  hydrocarbons. 

Caoutchouc,  or  India-rubber,  the  thickened  milky  juice  of 
several  species  of  FictiSy  Euphorbia j  and  other  trees  growing  in  tropical 
countries,  is  essentially  a  mixture  of  several  hydrocarbons  isomeric  or 
polymeric  with  turpentine  oil.  When  pure  it  is  nearly  white,  the  dark 
color  of  commercial  caoutchouc  beiug  due  to  the  effects  of  smoke  and  other 
impurities.  It  is  softened  but  not  dissolved  by  boiling  water :  it  is  also 
insoluble  in  alcohol.  In  pure  ether,  rectified  petroleum,  and  coal-tar  oil, 
it  dissolves,  and  is  left  unchanged  on  the  evaporation  of  the  solvent.  Oil 
of  turpentine  also  dissolves  it,  forming  a  viscid,  adhesive  mass,  which 
dries  very  imperfectly.  At  a  temperature  a  little  above  the  boiling  point 
of  water,  caoutchouc  melts,  but  never  afterwards  returns  to  its  former 
elastic  state.  Few  chemical  agents  affect  this  substance  :  hence  its  great 
use  in  chemical  investigations,  for  connecting  apparatus,  etc.  By  destruc- 
tive distillation  it  yields  a  large  quantity  of  a  thin,  volatile,  oily  liquid, 
of  naphtha-like  odor,  called  caotttdumcirif  which  dissolves  caoutchouc  with 
facility.  This  oil,  according  to  Mr.  Greville  Williams,  is  composed  of  two 
polymeric  hydrocarbons  :  caoutchin,  CuHig,  boiling  at  ITl^C.  (339. S^F.), 
and  isoprene,  C^Hg,  boiling  at  37^  C.  (98.60  F.). 

Caoutchouc  combines  with  variable  proportions  of  sulphur.  The  mix- 
tures thus  obtained  are  called  vulcanized  India-rubber:  they  are  more  per- 
manently elastic  than  pure  caoutchouc. 

ViUcanitey  or  Ebonite,  is  caoutchouc  mixed  with  half  its  weight  of  sul- 
phur, and  hardened  by  pressure  and  heating.  It  is  very  hard,  takes  a 
high  polish,  and  is  used  for  making  combs,  knife-handles,  buttons,  etc. 
It  is  also  especially  distinguished  by  the  large  quantity  of  electricity  which 
it  evolves  when  rubbed :  hence  it  makes  an  excellent  material  for  the  plates 
of  electrical  machines. 

Gutta-percha,  the  hardened  milky  juice  of  Isonandra  gutta,  a  large 
tree  growing  in  Malacca  and  many  of  the  islands  of  the  Eastern  Archipel- 
ago, is  similar  in  composition  to  caoutchouc,  and  resembles  it  in  many  of 
its  properties,  but  is  harder  and  less  elastic.  It  is  quite  insoluble  in,  and 
impervious  to  water,  and  being  also  an  excellent  electric  insulator,  is  ex- 
tensively used  as  a  casing  for  submarine  telegraph  wires.  By  dry  distil- 
lation it  yields  isopene,  caoutchin,  and  a  heavy  oil  called  heveene^  probably 
polymeric  with  these  bodies. 

Balsams  are  natural  mixtures  of  resins  with  volatile  oils.  They  differ 
very  greatly  in  consistence,  some  being  quite  fluid,  others  solid  and  brittle. 
By  keeping,  the  softer  kinds  often  become  hard.  Balsams  may  be  con- 
veniently divided  into  two  classes — viz.,  those  which,  like  common  and 
Venice  turpentine,  Canada  balsam.  Copaiba  balsam,  etc.,  are  merely  natural 
varnishes,  or  solutions  of  resins  in  volatile  oils,  and  those  which  contain 
benzoic  or  cinnamic  acid  in  addition,  as  Peru  and  Tolu  balsams,  and  the 
solid  resinous  benzoin,  commonly  called  gum-benzoin  (p.  894). 


GlucoBides. 


This  name  is  given  to  a  class  of  bodies,  very  widely  diffused  in  the  vegeta- 
ble kingdom,  which  are  resolved  by  boiling  with  dilute  acids  or  alkalies,  or 
by  the  action  of  ferments,  into  glucoses  (mostly  dextrose),  and  some  other 
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substanoe.  They  are  therefore  analogous  in  oonstiintion  to  the  artificial 
glacosidea  which  Berthelot  obtained  by  heating  glucose  with  organic  ac'idi 
(p.  624)  ;  none  of  them  have,  however,  been  formed  artificiallj.  The  fol- 
lowing are  the  most  important  :— 

iBsonlin,  C^i^^fiw  ^  ^  crystalline  fluorescent  substance  obtained  from 
the  bark  of  the  horse-chestnut  and  other  trees  of  the  c^enera  ./Esculus  and 
Ihvia.  It  has  a  bitter  taste,  is  slightly  soluble  in  water  and  alcohol,  more 
soluble  in  the  same  liquids  at  the  boiling  heat,  nearly  insoluble  in  ether. 
It  is  colored  red  by  chlorine.  By  boilitlg  with  hydrochloric  or  dilute  sul- 
phuric acid,  it  is  resolved  into  glucose  and  a  bitter  crystalline  substance 
called  fescule tin,  CgU^O^: 

The  aqueous  solution  of  SBSCulin  is  highly  fluorescent,  the  reflected  light 
being  of  a  sky-blue  color.  Nearly  the  same  fluorescent  tint  is  exhibited 
by  an  infusion  of  horse-chestnut  bark.  The  color  of  the  latter  is,  how- 
ever, slightly  modified  by  the  presence  of  another  substancd,  paviin, 
which  exhibits  a  blue-green  fluorescence ;  it  may  be  separated  firom  sscu- 
lin  by  its  greater  solubility  in  ether,  ^sculin  and  paviin  appear  to  exist 
together  in  the  barks  of  all  species  of  j^sculvs  and  Jt\iviaj — a)sculin  being 
more  abundant  in  the  former,  and  paviin  in  the  latter. 

Amygdalln,  CigH^NOip  is  a  crystalline  body  existing  in  bitter  almonds, 
the  leaves  of  cherry -laurel  (^Cerctsun  Laurocerasus)^  and  many  other  plants 
which  by  distillation  yield  hydrocyanic  acid  and  bitt<T-almond  oil,  C,H^O. 
To  prepare  it,  the  almonds,  previously  freed  from  flxed  oil  by  pressure, 
are  exhausted  with  boiling  alcohol,  and  the  concentrated  solution  is  mixed 
with  ether. 

Amygdalin  crystallizes  from  alcohol  in  white  shining  laminie,  has  a 
bitter  taste,  dissolves  easily  in  water  and  in  hot  alcohol ;  from  water  it 
crystallizes  in  prisms  containing  SH^O. 

By  boiling  with  dilute  acids,  and  by  contact  with  water  and  emulsin 
or  synaptase,  a  ferment  contained  in  bitter  almonds,  amygdalin  is  re- 
solved into  bitter  almond  oil,  glucose,  and  hydrocyanic  acid  : 

Ca,H„NOu    +    2Yip    =n    CfUfi    +    CNH    +    2C,HuOe. 

When  amygdalin  is  boiled  with  alkalies,  its  nitrogen  is  separated  as 
ammonia,  and  amy gd alio  acid,  CjoHj^Oi,,  is  formed,  which  by  boil- 
ing with  dilute  acids  is  resolved  into  mandelic  acid  and  glucose. 

Arbuttn,  C|gH,cO„  from  the  leaves  of  the  bear-berry  (^Arbutus  uva  urn), 
crystallizes  in  slender  needles,  having  a  bitter  taste,  and  dissolving  easily 
in  water,  alcohol,  and  ether.  By  boiling  with  dilute  acids  it  is  resolved 
into  glucose  and  hydroquinono  : 

CwH«0,    +     H,0    ==    CeH„Oe    +     CeH,(OH),  . 

It  dissolves  in  strong  nitric  acid,  forming  C,aH,4(NO,)jO„  which  splits  up 
into  glucose  and  dinitrohydroquinone. 

Chltln,  CgH,;.NOf,  is  the  substance  which  forms  the  elytra  and  integu- 
ments of  insects,  and  the  carapaces  of  crustaceans.  It  is  best  prepared 
by  boiling  the  wing-cases  of  cockchafers  with  water,  alcohol,  ether,  acetic 
acid,  and  alkalies  in  succession,  as  long  as  anything  is  dissolvt^d  out  by 
each.  According  to  Stadeler,  it  is  resolved  by  boiling  with  dilute  acids 
into  glucose  and  lactamide,  C.,H,NO.j : 

C,H,4N0e    -f-     211,0    =    CflH^Oe    +     C,n,XO, . 
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Coniferin,  Cj^HjsOg,  occurs  in  the  cambial  jaico  of  coniferous  plants, 
and  st^parates  tliurefrom  on  concentration  in  stellate  groups  of  pointid 
needles,  having  a  satiny  lustre,  and  containing  2H,0,  which  they  lose  by 
efflorescence.  By  boiling  with  dilute  acids  it  is  resolved  into  dextrose 
and  a  resin;  in  contact  with  emulsin,  into  dextrose  and  coniferyl 
alcohol.  By  oxidation  with  chromic  acid  mixture  it  yields  vanillin 
(p.  871). 

Convolvnlin,  C„HgoO|Q,  is  obtained  from  Jalap  root  (^Convolvulus  schie- 
danus)  by  extraction  with  alcohol.  It  is  a  gummy  mass  having  a  strong 
purgative  action  ;  dissolves  in  alkalies  as  convolvulic  acid,  C3fHg.p,f  ; 
resolved  by  acids  and  by  emulsin  into  dextrose  and  convolvulinol,  C^Uj^Oj, 
which  is  converted  by  alkalies  into  convolvulinolic  acid,  CjsH^O^.  This 
latter  is  a  monobasic  acid,  which  is  oxidized  by  nitric  acid  to  i  p  o  m  se  i  c 
acid,  CioUigO^  =b  C^llif^CO^H)^^  isomeric  with  sebacic  acid  (p.  752). 

Jalappifif  Cs^Uj^Ojg,  from  the  root  of  Convolvulus  orizabensis^  closely  re- 
sembles convolvulin,  and  yields  analogous  products  of  decomposition. 

Glyoyrrhizln,  CjjHjgOj ;  Liquorice-sugar. — The  root  of  the  common  liquo- 
rice yields  a  large  quantity  of  a  peculiar  sweet  substance,  which  is  soluble 
in  water,  but  does  not  crystallize  :  it  cannot  be  made  to  ferment.  Glycyr- 
rhizin  forms  difficultly  soluble  compounds  with  acids  ;  it  is  precipitated 
from  its  solution  by  lead,  calcium,  and  barium  salts,  the  precipitate  con- 
sisting of  glycyrrhizin  in  combination  with  the  base.  When  boiled  with 
dilute  acids,  it  splits  into  a  resinous  body  called  glycerretin,  CigH^^O^, 
and  glucose : 

CwHagO,    +     H,0    =    CiaH„0,    +    CeHijO,  . 

Myronic  Acid,  tJioHi^NSjOio,  an  acid  existing  as  a  potassium  salt  in 
the  seed  of  black  mustard,  is  resolved  by  the  action  of  viyrosin,  an  albumin- 
ous ferment  likewise  contained  in  the  seeds,  into  volatile  oil  of  mustard 
(allyl  sulphocyanate),  glucose,  and  sulphuric  acid : 

C,oHi3KNSAo    =    C,H,.CNS    4-     ^iPu%    +     SO.HK  . 

Phlorisin,  C^^.jfiy^.2Kfiy  is  a  substance  bearing  a  great  likeness  to 
Balicin,  found  in  the  root-bark  of  the  apple  and  cherry  tree,  and  extracted 
by  boiling  alcohol.  It  forms  fine,  colorless,  silky  needles,  soluble  in  1000 
parts  of  cold  water,  but  freely  dissolved  by  that  liquid  when  hot ;  it  also 
dissolves  easily  in  alcohol.  Dilute  acids  convert  phlorizin  into  glucose 
and  a  crystallizable  sweet  substance  called  phloretin: 

Plilorizin,  fused  with  potash,  yields  phloretic  acid,  CgHigOg,  a 
beautifully  crystalline  acid,  homologous  with  salicylic  and  anisic  acids, 
together  with  phloroglucin,  C^H^O,. 

Qnerdtrin  is  a  crystallizable  yellow  coloring  matter  occurring  in  quer- 
citron bark,  the  bark  of  Quercus  infectoriay  whence  it  is  extracted  by  boil- 
ing witli  water.  Its  composition  has  been  variously  stated  ;  indeed,  it  is 
by  no  means  certain  that  the  so-called  qjiercitrins  examined  by  different 
chemists  were  really  identical  substances.  According  to  Hlasiwetz  and 
Pfanncllor,  it  contains  C^aHjoO,^,  and  is  resolved  by  boiling  with  dilute 
acids  into  another  yellow  crystalline  body  called  quercetin,  and  iso- 
dulcite  (p.  619): 

QueroUrin.  Quercetin.  Isodulcite. 


972  OLUGOSIDK8. 

SaUdiit  C„H,gOf,  is  a  crystallizable  bitter  substance  contained  in  tlie 
leaves  and  young  bark  of  the  poplar,  willow,  and  several  other  tre<«.  It 
may  be  prepared  by  exhaosting  the  bark  with  boiling  water,  concentrating 
the  solution  to  a  small  bulk,  digesting  the  liquid  with  powdered  lead 
oxide,  and  then,  after  freeing  the  solution  from  lead  by  a  stream  of  snU 
phuretted  hydrcgen  gas,  evaporating  till  the  salicin  crystallizes  out  on 
cooling.  It  is  purified  by  treatment  with  animal  charcoal  and  recrystal- 
lization. 

Salicin  forms  small,  white,  silky  needles,  having  an  intensely  bitter 
taste,  but  no  alkaline  reaction.  It  melts  and  decomposes  by  heat,  burn- 
ing with^a  bright  flame,  and  leaving  a  residue  of  charcoal.  It  is  soluble 
in  5.6  parts  of  cold  water,  and  in  a  much  smaller  quantity  when  boiling 
hot.  Oil  of  vitriol  colors  it  deep-red.  When  distilled  with  a  mixture 
of  potassium  bichromate  and  sulphuric  acid,  it  yields  salicylal  and  other 
products. 

Salicin,  under  the  influence  of  emulsin  or  synaptase  of  sweet  almonds, 
is  resolved  into  glucose  and  saligenin,  C^HgO,  (p.  884). 

C«Hi«0,    4-     H,0    «    C,H„0,    +     CyHgO,. 

Salicin  yields,  with  chlorine^  substitution-  products  which  are  decomposed 
by  synaptase  in  the  same  manner  as  salicin  itself,  yielding  chlortwali- 
gen  in,  C^H^CIO,,  and  dichlorosaligenin,  C^^Joifi^.  Dilute  nitric  add  con- 
verts salicin  into  helicin.  With  strong  nitric  acid,  at  a  high  temperature, 
nitrosalicylic  acid,  C7H5(NOj)0„  is  produced. 

Popnlin,  C^oH^Og,  is  a  substance  resembling  salicin  in  appearance  and 
solubility,  but  having  a  sweet  pungent  taste.  It  is  found  accompanying 
salicin  in  the  bark  and  leaves  of  the  aspen.  It  hasHhe  composition  of 
benzoyl-salicin,  Ci,H|7(C7H50)07,  and  when  heated  with  dilute  acids,  is 
resolved  into  benzoic  acid  and  the  products  of  decomposition  of  salidn, 
namely,  saliretin  and  glucose  : 

C„H„(C7H40)Oy    +     H,0    =    C^HjO,    +    C,H,0    +    C,H„Og . 

With  potassium  dichromate  and  sulphuric  acid,  populin  yields  a  con- 
siderable quantity  of  salicylal. 

Helicin,  C,3H„0y,  is  a  white,  crystalline,  slightly  bitter  substance,  pro- 
duced by  the  action  of  yqtj  dilute  nitric  acid  upon  salicin :' 

Ci,H,30,    -f    O    srs    H,0    +    Ci,Hi,0,. 

It  is  slightly  soluble  in  cold,  freely  soluble  in  boiling  water,  and  is  re- 
solved by  the  action  of  synaptase,  or  of  acids  or  alkalies  at  the  boiling 
heat,  into  glucose  and  salicylal : 

C,sH,eO,    +     H,0    «    C,H„0.    +     C,H,0, . 

Benzokdidn,  CjoHjoOg,  or  C^HuCC^HsO)©.,  produced  by  the  action  of 
dilute  nitric  acid  on  benzo-salioin,  is  resolved  in  like  manner  into  benzoic 
acid,  salicylal,  and  glucose : 


GOLORINQ    MATTERS.  973 


Bitter  Principles  of  Plants. 

ThesQ  are  neutral  bodies  of  somewhat  Indefinite  chemical  character, 
which  cannot  at  present  be  included  in  any  of  the  preceding  groups. 

A  loi'n  is  a  constituent  of  aloes,  the  inspissated  juice  of  various  species 
of  aloe,  and  is  extracted  by  treating  the  aloes  with  water.  It  is  easily 
soluble  in  warm  water  and  alcohol,  and  crystallizes  in  slender  needles. 
It  is  very  bitter  and  strongly  purgative. 

Alo'in  from  Barbadoes  aloes  has  the  composition  C|,H„07 ;  that  from 
Natal  aloes  is  Cj^HjgOis  =  2C„Hig07  +  HjO.  The  former  (barbaloin) 
heated  with  nitric  acid  yields  aloetic  acid,  Ci4H4(NOj)40j,  together  with 
oxalic,  picric,  and  chrysammic  acids  ;  the  latter  (natalo'in)  yields  picric 
and  oxalic  acids,  but  no  chrysammic  acid. 

Athamantin,  C24H<io07,  obtained  from  the  roots  of  Athajnanta  Oreo- 
selinum  by  extraction  with  ether,  crystallizes  from  alcohol  and  ether  in 
slenderneedles  melting  at  79^0.(174.20  F.).  By  boiling  with  hydrochloric 
acid  it  is  resolved  into  valeric  acid  and  oreoselone,  C^^HjijO,  : 

CmH^Oj    s=    2C5H10O,    +    C,4H,o03  . 

By  further  boiling  with  dilute  hydrochloric  acid,  oreoselone  is  converted 
into  oreoselin,  Cj^HijO^. 

Cantharidin,  CjHgO,,  is  the  vesiccating  principle  of  Spanish  flies 
anl  some  other  insects,  and  may  be  extracted  with  ether.  It  crystallizes 
in  four-sided  prisms  or  laminae,  dissolves  in  hot  alcohol  and  ether,  melts 
at  250O  C.  (4820  F.),  and  sublimes  at  a  lower  temperature.  Heated  with 
alkalied  it  dissolves,  forming  salts  of  cantharidic  acid,  e.  o.,  aH,KO., 
from  which  acids  reprecipitate  cantharidin. 

Carotin,  C,gH„0,  a  substance  deposited  in  small  crystals  in  the  cells 
?f.-!rl^**^  carrot,  crystallizes  from  alcohol  in  red-brown  cubes  meltins  at 
1680  C.  (334.40  F.).  ^ 

P  e  u  0  e  d  a  u  i  n  C^^H^^O,,  from  the  roots  of  P^edanum  officinale,  crystal- 
lizes from  alcohol  in  shining  prisms  melting  at  750  C.  (1670  P.).  Boiled 
with  alcoholic  potash  it  is  resolved  into  angelic  acid  and  oreoselin. 

Piorotoxin,  C^H.^Og,  is  extracted  by  alcohol  from  cocculus  grains 
(the  seeds  o{  Menispermum  Cocculus);  crystallizes  in  slender  needles  :  very 
bitter  and  poisonous.  '' 

Santonin,  C.^H.,©,,  is  the  active  principle  of  wormseed  (from  Arte- 
misia santonii;fi),  .from  which  it  may  be  extracted  by  boiling  with  milk  of 
lime  and  precipitation  by  hydrochloric  aoifl.  It  crystallizes  from  hot 
alcohol  in  shining  prisms  melting  at  170O  c.  (3380  p.);  dissolves  in  alka- 
lies, forming  salts  of  santoninic  acid,  CjjH^O^. 


Coloring  Matters. 

The  most  important  coloring  matters  of  vegetable  origin,  viz..  the  indieo 
and  ma^lder  dyes,  have  already  been  described.  ^    '        »  5 

fim^n^f  V/°'  C^HigO^,  the  coloring  matter  of  Brazil  wood,  crystallizes  in 
small  yellow  prisms,  which  dissolve  in  alcohol  with  reddish-yellow,  in 
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alkalies  with  crimson  color ;  the  solution  is  decolorized  by  snlpharoos 
acid  and  zinc-dust.     Nitric  acid  converts  braziiin  into  trinitroresorcin. 

Carminio   acid,  C^j^yfi^oi  occui*s  ^  ^^^  flowers  of  Monarda  didyma^ 
and  a  few  otlier   plants,  and  more  abundantly  in   cochineal,  an   insect 
{Coccus  Cadi)  living  on  various  species  of  cactus.     To  obtain  the  carminie 
acid,  the  aqueous  decoction  of  the  insects  is  precipitated  by  lead  acetate, 
and  the  pure  lead  carminate  washed  and  decomposed  by  hydrogen  8ul> 
phide  ;  the  coloring  matter  thns  separated  is  again  submitted  to  the  same 
treatment.     A  solution  of  carminie  acid  is  thus  obtained,  which  is  evapo- 
rated to  dryness,  redissolved  in  absolute  alcohol,  digested  with  crude  lesd  \ 
carbonate,  whereby  a  small  quantity  of  phosphoric  acid  is  separated,  and  ! 
lastly,  mixed  with  ether,  which  separates  a  trace  of  a*  nitrogenous  sub-  i 
stance.     The  residue  now  obtained  on  evaporation  is  pure  carminie  acid.  I 

It  is  a  purple-brown  mass,  yielding  a  fine  red  powder,  soluble  In  water  \ 

and  alcohol  in  all  proportions,  slightly  soluble  in  ether.     It  dissolves  | 

without  decomposition  in  concentrated  sulphuric  acid,  but  is  readily  at- 
tacked by  chlorme,  bromine,  and  iodine,  which  change  its  color  to  yellow. 
It  resists  a  temperature  of  136^  C.  (27U.bO  F.),  but  is  charred  when  heated 
more  strongly.  Carminie  acid  is  bibasic,  and  forms  colored  salts.  Bj 
boiling  with  dilute  sulphuric  acid  it  is  resolved  into  a  non-fermentable 
sugar  and  carmine-red,  CuUj^Of.  Boiled  with  nitric  acid  it  yields  oxalic 
acid  and  nitrococcusic  acid,  C8H5(NO,),Oj.HjO,  which  crystallizes 
from  water  in  large  shining  plates,  and  when  heated  with  water  to  1800  is 
resolved  into  COjj  and  tr initro-cresotic  acid,  Ce(N0,)3(CH,)(0H). 
Cv)^!!.     Cochineal  is  used  for  giving  a  red  color  to  silk  and  wool. 

Cartharain,  Cj^IIigO,,  is  the  rod  coloring  matter  of  the  petals  of 
the  safflower  {Carthamus  tinclorius).  It  is  prepared  by  exhausting  the 
flowers  with  cold  water  to  remove  a  yellow  substance,  and  treating  the 
residue  with  a  dilute  solution  of  sodium  carbonate  ;  this  dissolves  the  car- 
thamin,  which  may  be  precipitated  by  acetic  acid  as  a  dark  red  powder 
having  a  green  metallic  lustre  when  dry.  It  dissolves  in  alcohol  and  al- 
kalies with  a  fine  red  color,  which,  however,  is  very  fugitive.  By  fusion 
with  potash  it  yields  paraoxybenzoio  and  oxalic  acids.  Carthamin  is  used 
for  dyeing  silk,  and  as  a  cosmetic. 

Chlorophyll,  or  Leaf-green,  is  contained,  together  with  wax 
and  other  substances,  in  the  chlorophyll  granules  which  occur  in  all  the 
green  parts  of  plants,  and  may  be  obtained  by  exhausting  these  organs 
with  ether,  and  treating  the  residue  with  alcohol,  in  which  the  chlorophyll 
is  easily  soluble.  It  dissolves  also  in  strong  hydrochloric  acid.  Its  com- 
position is  not  known,  but  iron  appears  to  be  an  essential  constituent. 

C  u  r  c  u  m  i  n ,  C,oH„Oj,  is  the  coloring  matter  of  turmeric.  •  It  dissolves 
easily  in  alcohol  and  ether,  sparingly  in  carbon  sulphide,  and  in  cold  ben-* 
zene,  and  is  best  extracted  from  the  root  by  boiling  benzene.     It  forms  1 

orange-yellow  crystals,  and  exhibits  in  solution  a  green  fluorescence.  From  i 

its  brown-red  solution  in  alkalies,  it  is  precipitated  by  acids  as  a  yellow 
powder.  The  yellow  tint  of  paper  stained  with  turmeric  is  turned  brown 
by  alkalies  and  restored  by  acids. 

Euxanthio  acid,  CigHjeOj^,  occurs  as  a  magnesium  salt  in  Purree  or 
Indian  yellow,  a  yellow  coloring  matter  of  unknown  origin  imported  from 
India  and  China.  The  euxanthic  acid  is  obtained  by  digesting  the  mass 
with  dilute  hydrochloric  acid,  and  exhausting  with  alcohol.  It  dissolves 
easily  in  alcohol  and  ether,  and  crystallizes  in  shining  yellow  prisms. 
Euxanthic  acid  is  resolved  by  strong  sulphuric  acid  into  a  saccharine  sub- 
stance and  euxanthone,  CuHgO^,  which  sublimes  in  yellow  needles. 
Euxant  hone  fused  with  potash  yields  firsteuxanthonicacid,  Ci,H„0„ 
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then  hydroquinone.  Strong  nitric  acid  converts  it  into  trinitroresorcin, 
audy  on  the  other  hand,  resorcin  heated  with  oxalic  and  sulphuric  acid, 
appears  to  yield  euxauthone. 

Hematoxylin,  Cj^Hi^Oj,  the  coloring  matter  of  logwood,  crystallizes 
with  3  mol.  H,0  in  pale-yellow  prisms  ;  has  a  sweetish  taste  ;  dissolves 
easily  in  water,  alcohol,  and  ether,  forming  dextro-rotatory  solutions. 
With  acetyl  chloride,  it  forms  Ci,H8(CjHgO)eO^. 

By  exposure  to  the  air  in  ammoniacal  solution,  it  is  converted  into  he- 
matein-ammonia,  CijH^CNHJOj,  which,  on  spontaneous  evapora- 
tion, is  deposited  in  dark  violet  crystals.  Acetic  acid  added  to  the  solution 
throws  down  hema  tein,  CnHuO,,  as  a  red-brown  precipitate,  having  a 
metallic  lustre  when  dry,  and  dissolving  in  alkalies  with  a  line  violet-blue 
color.  Sulphurous  acid  and  other  reducing  agents  reconvert  hematein 
into  hematoxylin.    The  latter,  fused  with  potash,  yields  pyrogallol. 


Alkaloids. 


This  term  is  sometimes  used  as  a  general  name  for  organic  bases,  but  it 
is  more  especially  applied  to  those  which  occur  ready  formed  in  the  bodies 
of  plants  and  animals,  and  those  which  are  produced  by  the  destructive 
distillation  of  complex  organic  bodies.  All  these  bases,  like  the  amines 
already  describ(^d,  are  derivatives  of  ammonia,  but  their  molecular  struc- 
ture is  for  the  most  part  unknown.  Those  which  are  free  from  oxygen  are 
volatile  ;  those  which  contain  that  element  are  decomposed  by  distillation. 

NON-OXIDIZBD  VOLATILE  BASES. 

Pyridine  Bases,  CnHj^^jN. — These  bases,  metameric  with  aniline  and 
its  homologuea,  are  contained  in  coal-tar  naphtha,  and  in  the  volatile  oil 
called  Dipper s  oil  (Oleum  animale  Dippelii),  obtained  by  the  distillation  of 
bones  and  other  animal  matters.  They  are  all  liquid  at  ordinary  tempe- 
ratures, and  react  as  tertiary  monamines.  Their  formul»  and  boiling 
I>oints  are  as  follows  :— 


Pyridine, 

CsHgN, 

Picoline, 

C,H,N, 

Lutidine, 

C^HgN, 

CoUidiue, 

^B^ll^J 

B.  P. 

B.P. 

1170 

Parvoline, 

C.H,3N, 

1880 

1330 

Coridine, 

^10^15^1 

2110 

1540 

Ilubidine, 

^ii^nN, 

23()0 

1790 

Viridine, 

CjaHjjN, 

2510 

Ptfridine  is  said  to  be  formed  artificially  by  heating  amyl  nitrate  with 
phosphoric  oxide  :  a^Hi^NO.,  —  3H,0  =  CftHjN.  When  heated  with  sodium 
it  is  converted  into  dipyridine,  C,oH,oN2,  a  crystalline  base  which  melts  at 
IO80  C.  (226.40  F.),  and  sublimes  at  higher  temperatures  in  needle-shaped 

crystals. 

Picoline  (metameric  with  aniline),  first  obtained  by  Anderson  from  coal- 
tar  naphtha,  ia  a  mobile  liquid,  having  a  strong,  persistent  odor,  and  aorid, 
bitter  taste :  sp.  gr.  0.995.  It  remains  liquid  at  — 180  C.  (0.4P  F.),  and 
volatilizes  quickly  in  the  air.  It  is  strongly  alkaline  to  test-paper,  mixes 
with  water  in  all  proportions,  and  forms  crystallizable  salts. 

Dippel's  oil  likewise  contains  methylamine  and  several  of  its  homologues. 


Chinoline  Bases,  CnHj^^nN. — ^Three  bases  of  this  series,  viz. : 

C,H,N  C,qH«N  C„H.,N 

Chinoline,  tieindlne.  CryptiiUue. 
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are  prodaced  by  distillation  of  quinine,  cinchonine,  and  a  few  other  natural 
alkalo'idfl,  with  potassium  hydroxide ;  and  other  bases  isomeric  with  them, 
viz.,  UucoUne,  C,H,N,  iridoline^  CjqHjN,  etc.,  are  contained  in  coal-tar  naph- 
tha, and  distil  over  after  the  pyridine  bases  (above  200O  C.,  392©  F.). 
They  are  oily  liquids  insoluble  in  water,  easily  soluble  in  alcohol  and 
ether.  They  are  tertiary  amines,  yielding  amoionium-bases  when  treated 
with  ethyl  iodide  and  silver  oxide.  These  salts  are  crystalline,  and  easily 
soluble. 

Chinoline,  CgH^yN,  is  a  mobile,  strongly  refracting  liquid,  boiling  at 
2380  c.  (460.40  f.),  and  having  a  sp.  gr.  of  1.081  at  OO.  Heated  with 
amyl  iodide,  it  forma  the  compound  (C9H7)(C5Hi|)NI,  which  is  converted  | 

by  heating  with  potash  into  cyanine,  CjgH^NI,  a  fine  blue  dye-stnff,  \ 

which  crystallizes  in  green  metallically  lustrous  plates,  and  dissolves  with  \ 

blue  color  in  alcohol.     A  similar  blue  color  is  obtained  with  lepidine,  and  ' 

a  mixture  of  the  two  has  been  used  for  dyeing  silk. 

Leucoline,  CgH,N,  from  coal-Ur  oil,  boils  at  about  220O  C.  (428^  F.), 
and  does  not  yield  cyanine. 

Lepidine,  from  cinchonine,  boils  at  2GCO-270O  C.  (510.80-5180  F.)  ;  the 
isomeric  base  from  coal-tar  oil  boils  at  2520-2570  C.  (485.60-494.60  F.).  , 


Conine,  CgH,jN,  is  contained  in  hemlock  {Conium  mucvlattitn),  especially 
in  the  seeds,  and  is  obtained  therefrom  by  distillation  with  potash-lye.  it 
is  a  colorless  oilv  liquid,  having  a  pungent,  stupefying  odor,  and  is  very 
poisonous.  Sp.'gr.  0.89.  Boiling  point  1680  C.  (334.40  F.).  It  dissolves 
easily  in  alcohol  and  ether,  sparingly  in  water,  and  forms  crystalline  deli- 
quescent salts,  which,  like  the  base  itself,  turn  brown  in  contact  with  the 
air.     With  oxidizing  agents  conine  yields  butyric  acid.  • 

Conine  is  a  secondary  monamine.     Treated  with  ethyl  iodide  it  yields 
successively  two  iodine-compounds — namely,   CgUij(C2H5)NI  and 
CgHi4(C2H5)5NI.     The  latter  is  converted  by  silver  oxide  into  a  soluble 
base. 

Ihracomnej  isomeric  with  conine,  is  formed  artificially  by  heating  normal 
butyric  aldehyde,  C4HgO,  with  alcoholic  ammonia — whereby  dibutyraldine 
is  obtained,  having  the  composition  CgHiTNO[=2C4H80  +NHj— H,0]  , — 
and  subjecting  this  base  to  dry  distillation  :  CgHnNO— H,0  ssC^HnN.  It 
is  a  violent  poison,  acting  in  the  same  manner  as  the  natural  base.  Bnt 
it  is  less  soluble  in  water,  more  expansible  by  heat,  and  exhibits  somewhat 
different  reactions  with  hydrochloric  acid,  silver  nitrate,  and  gold  chloride. 
With  ethyl  iodide  it  forms  the  iodide  of  an  ammonium-base,  convertible 
by  silver  oxide  into  a  strongly  alkaline,  bitter  syrupy  liquid  :  hence  it  ia 
a  tertiary  monamine. 

Closely  allied  to  conine  is  conkydrine,  CgH^NO,  a  crystalline  base,  ex- 
tracted from  hemlock  flowers.  When  distilled  with  anhydrous  phosphoric 
acid,  it  splits  into  conine  and  one  molecule  of  water. 

Nicotine,  CjoH^^N,,  exists  in  the  seeds  and  leaves  of  various  kinds  of 
tobacco,  from  which  it  may  be  obtained  by  extraction  with  dilute  sulphuric 
acid,  and  distillation  of  the  concentrated  extract  with  potaah-lye.  It  is  a 
colorless  oil,  having  a  density  of  1.048,  boiling  with  partial  decomposition 
at  250O  C.  (4820  F.),  without  decomposition  in  a  stream  of  hydrogen  at 
1500-2000  C.  (302O-392O  F.).  It  turns  brown  in  the  air,  has  a  very  stu- 
pefying odor,  and  is  very  poisonous.  It  is  a  monoacid  base,  forming  very 
soluble  salts,  which  crystallize  with  difficulty. 

A  mixture  of  nicotine  with  methyl  or  ethyl  iodide  solidifies  after  a  short 
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time  to  a  crystalline  mass,  containing  CioHi4(CH3)2N,I„  or  CiqHi4(C2H5)j,N2Ij, 
convertible  by  silver  oxide  into  soluble  bases. 

By  fuming  nitric  acid  or  chromic  acid  mixture  nicotine  is  oxidized  to 
nicotic  acid,  CjoHgNjOj,  which,  when  distilled  with  lime,  yields  pyri- 
dine, and  wlien  lieated  with  bromine-water  to  120O  C.  (2480  F.)  is  resolved 
into  bromoform,  carbon  dioxide,  nitrogen,  and  pyridine. 

Sparteine,  Cj^H^^gN,,  occurs  in  the  common  broom  (^Spartium  scoparium)^ 
and  is  obtained  tiierefrom  by  extraction  with  dilute  sulphuric  acid  and 
distillation  with  potash.  It  is  a  colorless  liquid,  boiling  at  2280  C.  (442.4P 
F.)  ;  dissolves  sparingly  in  water,  has  a  bitter  taste,  and  acts  as  a  nar- 
cotic. It  is  strongly  alkaline,  and  has  the  constitution  of  a  biaoid  tertiary 
amine. 


OXTOBNIZED   BASES. 


1.    Bases  related  to  the  Ureides.  —  Derivatives  of  Guani- 
dine. 

The  following  compounds   are  derived  from  guanidine   CHjNjs: 
HNC— (NHjj)2  (p.  649),  by  the  substitution*  of  acid  radicles  for  an  atom  of 
hydrogen. 

Glycocyamine  or  Qnanidacetylic  Acid,  CgHyNgO,,  is  formed  on 
mixing  the  aqueous  solutions  of  glycocine  and  cyanamide  (p.  548) : 

HN=CZ:NH  +  HaC(NH2)(C0,H)    =  HNIIG(NHj)(NH.CHj.COaH) ; 
Cyanamide.  Gly^cocine.  Glycocyamine. 

and  separates  in  granular  crystals,  soluble  in  120  parts  of  cold  water, 
easily  soluble  in  hot  water,  insoluble  in  alcohol  and  ether.  It  unites  with 
bases,  forming  crystalline  compounds.  Boiled  with  water  and  lead-oxide, 
or  with  dilute  sulphuric  acid,  it  is  resolved  into  guanidine,  oxalic  acid  and 
carbonic  acid. 

Glyoocyaxnidine  or  Glycolylgnanidine,  C3H5N3O,  related  to  glyco- 
cyamine in  the  same  manner  as  hyduntoin  to  hydantoic  acid  (p.  802),  is 
formed,  as  a  hydrochloride,  by  heating  the  hydrochloride  of  glycocyamine 
to  160O  C.  (320O  F.)  : 

NH  ^NH— CO 

Glycocyamine.  Glycocyamidine. 

The  free  base  crystallizes  in  deliquescent  laminae,  having  an  alkaline  re- 
action.    Its  hydrochloride  gives  a  precipitate  with  platinic  chloride. 

Creatine,  C4Hj,N50„  Methylglycocynmine,  occurs  in  the  animal  organism, 
especially  in  flesh  juice,  and  is  formed  artificially,  like  glycocyamine,  by 
the  union  of  cyanamide  with  methyl-glycocine  (sarcosine,  p.  779)  : 

NH  NH.CH,  .NH, 

It  may  be  prepared  by  macerating  finely-chopped  meat  in  cold  water,  boil- 
ing the  extract  to  coagulate  albumin,  precipitating  the  phosphoric  acid 
from  the  filtrate  by  baryta-water,  and  evaporating  to  the  crystallizing 
point. 

82* 
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Creatine  crystallizes  in  shining  prisms  containing  1  mol.  HjO,  which 
they  give  off  at  lOOO.  It  is  neutral,  slightly  bitter,  moderately  soluble  in 
boiling  water,  very  sparingly  in  alcohol ;  forms  crystalline  salts  oontainiDg 
one  equivalent  of  acid. 

Creatine  heated  with  acids  is  converted,  by  abstraction  of  H,0,  into 
creatinine  {infra).  By  boiling  with  water  it  is  resolved  into  urea  and  sar- 
cosine : 

NH  .    NH(Ciy 

methyl-hydantoin  being  also  formed,  and  ammonia  given  off.    Boiled  with 
mercuric  oxide,  it  yields  methylguanidine  and  oxalic  acid. 

Creatinine,  C^H^NjO,  Meihylglycocyamidine,  is  an  almost  constant  con- 
stituent of  urine  (0.25  per  cent.),  and  is  formed  from  creatine  by  evapo- 
rating the  aqueous  solution  of  the  latter,  especially  in  presence  of  acids. 
It  crystallizes  in  rhombic  prisms,  much  more  soluble  in  water  and  alcohol 
than  creatine ;  expels  ammonia  from  its  salts  ;  and  forms  well-crystalliied 
salts  with  acids.  It  unites  also  with  certain  salts,  forming,  for  example, 
the  compound  (C4H7NjO),ZnCl2,  which  is  precipitated  by  zinc  chloride  from 
solutions  of  creatinine  as  a  sparingly  soluble  crystalline  powder. 

Creatinine  is  reconverted  into  creatine  by  the  action  of  bases,  and  is  re- 
solved by  boiling  with  baryta  into  ammonia  and  methyl-hydantoin — 

^NH CO  ^NH CO 

HNIIC<  I      +  H,0  =  NH,  +  CO<r  | 

^^N(CH3)— CH,  ^^N(CHO— CH, 

By  boiling  with  mercuric  oxide  it  is  resolved,  like  creatine,  into  methyl- 
guanidine and  oxalic  acid. 


Nearly  related  to  the  nreides  are  also  the  bases  guanine,  sarcine,  xan- 
thine, and  carnine,  which,  like  urea,  occur  in  the  animal  organism  as 
products  of  the  oxidation  of  the  tissues — and  the  two  vegetable  bases, 
theobromine  and  caffeine.  The  constitution  of  these  bases  is  not  yet  estab- 
lished, but  their  relation  to  the  ureides  is  shown  by  their  products  of 
decomposition. 

Guanine,  C^HgN^O,  was  first  obtained  from  gnano ;  it  has  also  been 
proved  to  exist  in  the  pancreatic  juice  of  mammalia,  and  in  the  excrement 
of  the  spider.  To  prepare  it,  guano  is  boiled  with  water  and  calcium  hy- 
drate until  a  portion  of  the  liquid,  when  filtered,  appears  but  slightly 
colored :  the  whole  is  then  filtered,  and  the  filtrate  saturated  with  acetic 
acid,  whereby  the  guanine  is  precipitated,  mixed  with  uric  acid.  It  is 
purified  by  solution  in  hydrochloric  acid  and  precipitation  by  ammonia. 

Guanine  is  a  colorless,  crystalline  powder,  insoluble  in  water,  alcohol, 
ether,  and  ammonia,  soluble  in  acids  and  solution  of  potash.  It  unites 
with  acids  forming  crystallizable  salts,  e.g.,  C^^HjNjO.HCl  -f-  Aq. ; 
2C5H5N40.H2S04  4-2Aq.;  3C5H5N50.2C,n,04 ;  also  with  metallic  bases  and 
salts,  c.  (7.,  CjHjNBO.NaHO  -f-  2  Aq. ;  CjHjNjO.AgNOj.  By  oxidation  with 
hydrochloric  acid  and  potassium  chlorate,  it  is  converted  into  a  mixtore  of 
guanidine  and  parabanic  acid  (799). 

Xanthine,  CgH^N^O,,  is  found  in  small  quantity  in  many  animal  secre- 
tions, as  in  urine  and  blood,  in  the  liver,  and  in  certain  urinary  calculi ; 
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it  is  formed  artificially  by  the  action  of  nitrous  acid  upon  guanine,  and 
of  sodium  amalgam  on  uric  acid.  It  is  a  ^hite  amorphous  mass,  some- 
what soluble  in  boiling  water,  and  uniting  both  with  acids  and  with  bases. 
It  dissolves  easily  in  boiling  aqueous  ammonia,  and  silver-nitrate  added 
to  the  solution  throws  down  the  compound  C5HjAg2N40j  -|-  H,0.  This 
compound  treated  with  methyl  iodide  yields  a  body  isomeric  with  theo- 
bromine : 

CjHgAg^A    +    2CH,I    =    2AgI    +     C,H,N,0,. 

Saroine  or  Hypo aran thine,  CjH^N^O,  almost  always  accompanies  xan- 
thine in  the  animal  organism  ;  and  is  distinguished  from  xanthine  espe- 
cially by  the  sparing  solubility  of  its  hydrochloride.  It  forms  needles 
slightly  soluble  in  water,  more  soluble  in  acids  and  alkalies.  From  its 
ammonia<;al  solution,  silver-nitrate  throws  down  the  compound 
C,H,Ag,N,0  4-  H,0. 

Carnine«  C^HgN^O,,  occurs  in  extract  of  meat.  It  is  pulverulent,  mode- 
rately soluble  in  hot  water,  and  forms  a  crystalline  hydrochloride. 

Theobromine,  CfEgN^O,,  which  differs  in  composition  from  carnine 
by  only  1  atom  of  oxygen,  occurs  in  cacao  beans,  the  seeds  of  IVieobroma 
CacaOf  from  which  coooa  and  chocolate  are  prepared.  To  extract  it,  the 
beans  are  boiled  with  water ;  the  solution  is  precipitated  with  lead  ace- 
tate, to  remove  extraneous  matters  ;  the  filtrate  is  freed  from  lead  by 
hydrogen  sulphide,  and  evaporated  to  dryness  ;  and  the  residue  is  treated 
with  alcohol,  which  extracts  the  theobromine. 

Theobromine  is  a  white  crystalline  powder,  having  a  bitter  taste, 
slightly  soluble  in  water  and  in  alcohol,  moderately  soluble  in  aqueous 
ammonia.  It  has  a  neutral  reaction,  but  unites  with  acids,  forming  crys- 
talline salts,  which  are  decomposed  by  water.  From  the  ammoniacal 
solution  silver  nitrate  throws  down  the  compound  CyH^AgN^Oj,  which,  by 
heating  to  lOCP  with  methyl  iodide,  is  converted  into  methyl-theobromine, 
C7H,(CHj)N40„  or  theine. 

Theine  or  Caffeine, CgH|oN402,  Methyl-theobromine^  occurs  in  the  leaves 
and  seeds  of  the  cofree  tree,  in  tea-leaves,  in  Paraguay  tea  (from  Ilex  para- 
gvayensis),  and  in  guarana,  the  dried  pulp  of  the  fruit  of  Paxdlinia  sorhilis, 
Theine  is  extracted  from  these  substances  by  the  process  above  described 
for  the  preparation  of  theobromine  :  it  crystallizes  on  cooling,  and  may  be 
purified  by  means  of  animal  charcoal. 

Theine  forms  tufts  of  silky  needles  containing  one  mol.  HjO,  slightly 
soluble  in  cold  water  and  in  alcohol,  and  giving  off  their  water  of  crystal- 
lization at  lOOO.  It  melts  at  2250  C.  (4370  F.),  and  sublimes  without 
decomposition  at  a  higher  temperature.  It  is  a  weak  base,  most  of  its 
salts  being  decomposed  by  water.  The  aurochloride  and  platinochloride, 
however,  are  more  stable,  and  form  orange-yellow  crystals. 

By  the  action  of  chlorine  or  nitric  acid,  theine  is  converted,  with  evo- 
lution of  methylnmine  and  cyanogen  chloride,  into  amalic  acid, 
CyMx^fi^i  which  has  the  composition  of  tetramethyl-alloxan- 
tin,  Cg(CH3)4N40^.  It  forms  sparingly  soluble  crystals,  which  are 
colored  violet-blue  by  alkalies.  By  the  further  action  of  chlorine-water, 
theine  yields  cholestrophane  or  dimethyl  par  a  banic  acid, 
C,(CH3),N,0.(p.  800). 

Theine  boiled  with  baryta-wat«r,  is  resolved  into  CO,,  and  theidine 
or  caffeidine,  C^H^N^O,  an  easily  soluble  strongly  basic  compound, 
which  is  decomposed  by  prolonged  boiling  with  water  into  sarcosine  and 
other  products. 
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2.   Opium  Bases. 

Opium,  the  inspissated  juice  of  the  half-ripe  capAules  of  the  poppj 
(^Papaver  somniferum),  is  a  very  complex  substance,  containing  a  large 
number  of  bases  combined  with  sulphuric  and  meoonic  acid.  The  best 
known  of  these  bases  are  : 


Morphine,*        C„H„NO, 
Codeine,  CjgHjjNO, 

Thebaine,  C,jH,iNOj 


Papaverine,      C^H^NO^ 

^arcotine, 

Karceine, 


^22     23         T 


Of  these,  morphine  and  narcotine  are  the  most  abundant,  the  rest  occur- 
ring in  small  quantity,  and  only  in  particular  varieties  of  opium. 

The  bases  are  obtained  by  digesting  opium  with  warm  water,  precipi- 
tating the  meconic  acid  with  calcium  chloride,  and  leaving  the  concen- 
trated filtrate  to  crystallize.  The  hydrochlorides  of  morphine  and  codeine 
then  crystallize  out  first,  and  may  be  separated  by  treating  their  aqueous 
solution  with  ammonia,  whereby  the  morphine  is  alone  precipitated,  the 
codeine  remaining  dissolved. 

The  mother-liquor  of  the  morphine  and  codeine  hydrochlorides  is  mixed 
with  ammonia,  which  throws  down  narcotine,  together  with  small  quanti- 
ties of  papaverine,  and  thebaine,  and  a  resin,  while  narceine  remains  in 
solution. 


orphine,  C„H,9N0,  -f-  H,0,  Morphia  or  Morphiwa^  is  precipitated 
from  its  salts  as  a  white  powder,  and  crystallizes  from  alcohol  in  small 
but  very  brilliant  prisms.  It  requires  at  least  500  parts  of  water  for  solu- 
tion, tastes  slightly  bitter,  and  has  an  alkaline  reaction.  These  efiTects 
are  much  more  evident  in  the  alcoholic  solution.  It  dissolves  in  about  30 
parts  of  boiling  alcohol,  and  with  great  facility  in  dilute  acids ;  it  is  also 
dissolved  by  excess  of  caustic  potash  or  soda,  but  scarcely  by  excess  of 
ammonia.  When  heated  in  the  air,  morphine  melts,  burns  like  a  resin, 
and  leaves  a  small  quantity  of  charcoal,  which  easily  burns  away.  Mor- 
pliine  in  small  doses  is  narcotic  ;  in  larger  doses,  highly  poisonous. 

Morphine  is  a  tertiary  mono-acid  base.  Its  hydrochloride,  Cj^HjgNOj.HCl 
-f-  3H5O,  crystallizes  in  tufts  of  slender  needles  easily  soluble  in  water 
and  in  alcohol.  The  acetate,  Ci^HigNOg.CjH^O,,  is  moderately  soluble  in 
water,  and  crystallizes  in  needles. 

Solutions  of  morphine  and  its  salts  are  colored  dark-blue  by  ferric  chlo- 
ride ;  its  solution  in  strong  sulphuric  acid  is  colored  blood-red  by  a  drop 
of  nitric  acid.  Solution  of  iodine  added  to  the  solution  of  the  hydrochlo- 
ride throws  down  the  periodide,  CifH^^NOgl^.  Morphine  heated  with  pot- 
ash-lye gives  off  methyl  amine. 

Apomorphine,  Cj^Hi^NOj,  a  compound  containing  1H,0  less  than 
morphine,  is  formed  when  morphine  is  heated  in  a  sealed  tube  with  strong 
hydrochloric  acid,  and  separates  as  a  white  powder,. which  turns  green  on 
contact  with  the  air.  It  difi'ers  from  morphine  in  being  soluble  in  alcohol, 
ether,  and  chloroform,  and  in  its  physiological  action,  which  is  not  nar- 
cotic, but  emetic. 

Codeine,  C,gH2,N0s==C,.H,p(CH3)N0j„  Afethyl-morphine.^This  base, 
obtained  from  opium  as  above  described,  crystallizes  from  etlier  in  large 
rhombic  prisms  melting  at  120O  C.  (2480  F.).  It  is  more  soluble  in  wat^r 
than  the  other  opium  bases  ;   potash  precipitates  it  from  the  solutions  of 


*  It  Ib  convenient  to  (1«»«l-n«te  orennic  hf\nen  bv  nnmes  ending  \nine;  ccutml 
substances  t.y  nnmcs  ending  in  in;  e  g  ,  gelatin,  albumin,  caaein. 
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its  salts.  Heated  with  strong  soda-lime  it  gives  off  methylamine  and 
trimethylamine.  Heated  with  strong  hydrochloric  acid  to  140O-15(P  C. 
(284O-302C  F.)i  it  is  resolved  into  methyl  chloride  and  apomorphine  : 

C,gH2,N0,    +    HCl    =    CH3CI    +     H,0    4-     C^H^NOj. 

Codeine  is  also  a  tertiary  monamine,  forming  with  ethyl  iodide  a  crys- 
talline iodide,  C\  ll22(C2H3)NO,.I,  converted  by  silver  oxide  into  an  alka- 
line base. 

Narcotine,  CJ2H23NO,. — ^The  marc,  or  insolnble  portion  of  opium, 
contains  much  narcotine,  which  may  be  extracted  by  boiling  with  dilute 
acetic  acid.  From  the  filtered  solution  the  narcotine  is  precipitated  by 
ammonia,  and  afterwards  purified  by  solution  in  boiling  alcohol,  and  filtra- 
tion through  animal  charcoal.  Narcotine  crystallizes  in  small,  colorless, 
brilliant  prisms,  nearly  insoluble  in  water.  Its  basic  powers  are  very 
feeble  ;  it  is  destitute  of  alkaline  reaction,  and  although  freely  soluble  in 
acids,  does  not,  for  the  most  part,  form  crystallizable  salts. 

Narcotine,  treated  with  a  mixture  of  dilute  sulphuric  acid  and  manga- 
nese dioxide,  or  a  hot  solution  of  platinic  chloride,  yields  opianic  acid  (p. 
923),  together  with  basic  products. 

Cotarnine,  CijHijNOj,  is  contained  in  the  mother-liquor  from  which 
opianic  acid  has  crystallized  ;  it  forms  a  yellow  crystalline  mass,  very 
soluble,  of  bitter  taste,  and  feebly  alkaline  reaction.  Its  hydrochloride  is 
a  well-defined  salt. 

Cotarnine,  gently  heated  with  very  dilute  nitric  acid,  is  converted  into 
methylamine  nitrate,  and  cotamic  acidy  a  bibasic  acid  containing  CiiH^gOj : 

CijHiaNOj    +     2H,0    +     HNO,    =    CHjN.HNOs    +     CuH^O^  . 

Thebalne,  CiqHjjNOj, Papaverine f  C^Hj,N04,  and Norceine,  CjjH^NO,, 
are  also  containcMl  in  opium  in  siriall  quantity.  Thebaine  forms  silvery 
scales,  melting  at  19'SP  C.  (379.40  F.)  ;  insoluble  in  water,  potash,  and 
ammonia.     Papaverine  melts  at  1410-1450  C.  (285.80_2930  F.). 

The  following  bases  are  also  found  in  opium,  at  least  occasionally  ;  coda- 
mine,  C,9H23N03,  lanthopine,  C^HjjNO^,  loMlanine,  CjoH^gNO,,,  meconidinej 
C21H23NO4,  opianine  and  porphyroxine,  but  they  are  of  small  importance, 
and  comparatively  little  is  known  respecting  them.* 


3.    Cinchona  Bases, 


The  barks  of  the  various  species  of  cinchona  contain  a  number  of  alka^ 
lo'ids,  associated  with  quinic  aci<i  and  cinchona-tannin.  The  best  known 
of  these  bases  are  : 

Quinine,      C^oHj^NjO,.  I  Cinchonine,      C^H^N^O. 

Quinidine,  Ca,H24N,0,.  |         Cinchonidine,  C^jHj^NjO. 

Quinine  is  found  chiefly  in  yellow  cinchona-bark  (from  China  regid)  ;  cin- 
chonine in  the  gray  bark  (from  China  Iluanocd). 

The  bases  are  extracted  by  digesting  the  pulverized  bark  with  dilute 
hydrochloric  acid,  and  precipitating  the  filtered  solution  with  sodium  car- 
bonate, or  magnesia.     The  precipitate,  consisting  of  quinine,  cinchonine, 

♦  See  Hc'RSP,  Ann.  Ch.   Pharm.,  cllll.  71 ;  Gmelln's  Handbook,  xvlii.  192, 197i 
199,  202,  210}  Watts'a  Dictionary  of  Chemistry,  Supplement,  p.  883. 
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and  a  few  other  snbstanoea,  is  boiled  with  aloohol,  and  the  solution  is 
saturated  with  sulphuric  acid,  and  evaporated.  On  oooliug,  it  first  de- 
posits sulphate  of  quinine,  and  afterwards  the  cinchonine  salt.  The  free 
bases  are  easily  separated  by  ether,  which  dissolves  only  the  quinine. 
Qulnidine  and  cinchonidine  are  found  in  the  last  mother-liquors  of  the 
sulphuric  acid  solution. 

Cinchonine  crystallizes  in  small,  brilliant,  transparent,  four-sided 
prisms.  It  is  very  slightly  soluble  in  water,  dissolves  readily  in  boiling 
alcohol,  and  has  but  little  taste,  although  its  salts  are  excessively  bitter. 
It  is  a  powerful  base,  neutralizing  acids  completely,  and  forming  a  series 
of  crystallizable  salts.  It  turns  the  plane  of  polarization  strongly  to  the 
right. 

Quinine  much  resembles  cinchonine  ;  but  does  not  crystallize  so  well ; 
it  is  much  more  soluble  in  water  :  tastes  intensely  bitter ;  turns  the  plane 
of  polarization  strongly  to  the  left. 

Quinine  sulphate  is  manufactured  on  a  very  large  scale  for  medicinal  use ; 
it  crystallizes  in  small  white  needles,  which  give  a  neutral  solution.  It 
contains  2C2oHj4Ng05.S04H2  -f-  ^-Aq.  Its  solubility  is  much  increased  by 
the  addition  of  a  little  sulphuric  acid,  whereby  the  acid  salt,  C^qH^N^O^. 
SO4H,  -\-  7Aq.,  is  formed.  Solutions  of  quinine  sulphate  exhibit  a  splendid 
blue  duorescence.  On  adding  to  the  solution  of  a  quinine  salt,  first  chlo- 
rine-water and  then  ammonia,  a  fine  green  color  is  produced.  Iodine 
added  to  a  solution  of  quinine  sulphate,  forms  a  crystalline  substance  of  a 
brilliant  emerald  color,  which  appears  to  have  the  composition  2C„H^N,02. 
SHjSO^.If  4~  ^^Q.*  T^^is  compound,  called  Herapathiiej  after  its  discoverer, 
possesses  the  optical  properties  of  tourmaline. 

Cinchonine  and  quinine  yield  with  methyl  iodide,  the  compounds 
CjoH,4(CH3)N,OI  and  CjoH24(CH8)N,OgI,  which  are  converted  by  silver 
oxide  into  soluble  bases  analogous  to  tetrethyl-ammonium  hydroxide: 
they  are  therefore  tertiary  amines. 

Q'linidine  and  Cinchonidine^  isomeric  respectively  with  quinine  and  cin- 
chonine, are  obtained  from  commercial  q ui no  1  din e ,  a  resinous  product 
contained  in  the  mother-liquors  of  the  quinine  preparation. 

Qui  nidi ne  (or  Cinchinlne)  crystallizi^s  in  large  prisms  moderately 
soluble  in  alcohol,  sparingly  in  ether.  Its  salts  are  more  soluble  than 
those  of  quinine.  The  solutions  are  strongly  dextrogyrate.  With  chlo- 
rine-water and  ammonia  quinidine  reacts  like  quinine. 

Cinchonidine,  occurring  also  in  the  bark  of  China  Bogota^  is  very 
much  like  cinchonine.     Its  solutions  are  strongly  levogyrate. 

The  acid  sulphates  of  these  four  bases,  heated  first  to  lOOO,  to  expel  water 
of  crystallization,  and  then  to  about  135^  C.  (2750  p.),  are  convert^Mi  into 
the  sulphates  of  two  amorphous  bases,  quinioine  and  cinch oni- 
cine,  isomeric  with  quinine  and  cinchonine  respectively,  quiniclne, 
C20H24N2O2,  being  formed  from  quinine  and  quinidine;  cinclionieine, 
C^oIIti^^O,  from  cinchonine  and  cinchonidine.  The  solutions  of  both  of 
these  bases  are  feebly  dextrogyrate. 

All  the  four  bases,  when  distilled  with  caustic  potash,  yield  bases  of  the 
chinoline  series  (p.  976). 
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4.  Strifchnos  Bases, 

Strychnine,  CjiHjjNjO,,  and  Bmclne,  C2^H3gN204,  also  called  Strychnia 
and  i^rucm,  are  contained,  together  with  several  still  imperfectly  known 
bases,  in  Ntix  vomica^  in  St.  Ignatius  hean^  and  in  false  Angustura  bark.  To 
prepare  them,  nux  vomica  seeds  are  boiled  in  dilute  sulphuric  acid  until 
they  become  soft :  they  are  then  crushed,  and  the  expressed  liquid  is  mixed 
with  excess  of  calcium  hydrate,  which  throws  down  the  alkaloids.  The 
precipitate  is  boiled  in  spirits  of  wine  of  sp.  gr.  0.850,  and  filtered  hot. 
Strychnine  and  brucine  are  then  deposited  together  in  a  colored  and  im- 
pure state,  and  may  be  separated  by  cold  alcohol,  in  which  the  latter  dis- 
solves readily. 

Pure  strychnine  crystallizes  under  favorable  circumstances  in  small  but 
exceedingly  brilliant  octohedral  crystals,  which  are  transparent  and  color- 
less. It  has  a  very  bitter,  somewhat  metallic  taste  (1  part  in  1,000,000,000 
parts  of  water  is  still  perceptible),  is  slightly  soluble  in  water,  and  fear- 
fully poisonous.  It  dissolves  in  hot  and  somewhat  dilute  spirit,  but  not 
in  absolute  alcohol,  ether,  or  solution  of  caustic  alkali.  This  alkaloid  may 
be  readily  identified  by  moistening  a  crystal  witli  concentrated  sulphuric 
acid,  and  adding  to  the  liquid  a  crystal  of  potassium  dichromato,  when  a 
deep  violet  tint  is  produced,  which  disappears  after  some  time. 

Strychnine  forms  neutral  crystalline  salts,  containing  one  equivalent  of 
acid.  The  nitrate,  CaiHjjN^Ojj.NOgH,  is  sparingly  soluble  in  water  and  in 
alcohol.  Potassium  thiocyanate  added  to  the  solutions  throws  down  crys- 
talline thiocyanate  of  strychnine. 

Brucine,  C^H^gNjO^,  crystallizes  in  efflorescent  prisms  or  tables  con- 
taining 4H2O,  easily  soluble  in  alcohol,  slightly  in  water,  insoluble  in  ether  ; 
also  very  poisonous.  Strong  sulphuric  acid  colors  the  solutions  red,  and 
on  adding  stannous  chloride  to  the  red  liquid,  a  violet  precipitate  is  formed* 
Strong  sulphuric  acid  dissolves  brucine  with  reddish  color. 


5.   Bases  fr om  various  Plants. 

Veratrine  or  Veratria,  C^Hj^NjOg,  is  obtained  from  the  seeds  of  Vera- 
truiu  :^budiUa^  and  from  the  root  of  V.  album.  In  the  pure  state  it  is  a 
white  or  yellowish-white  powder,  which  has  a  sharp  burning  taste,  is  very 
poisonous,  and  in  small  quantities  occasions  violent  sneezing.  It  is  in- 
soluble in  water,  but  dissolves  in  hot  alcohol,  in  ether,  and  in  acids  :  the 
solution  has  an  alkaline  reaction.  «. 

J  e  r  V  i  n  e ,  Cj^U^^NjOj,  occurring  together  with  veratrine,  in  the  root  of 
Veratrum  alburn^  forms  small  prisms  soluble  in  alcohol.  Its  salts  are  slightly 
soluble  in  water. 

Fiperine,  C^HigNOj,  occurs  in  Piper  niger  and  other  kinds  of  pepper, 
from  which  it  may  be  extracted  by  alcohol.  It  crystallizes  in  four -sided 
prisms,  melting  at  lOOO,  easily  soluble  in  alcohol  and  ether,  insoluble  in 
water;  dissolves  with  dark -red  color  in  strong  sulphuric  acid.  Heated 
with  soda-lime  it  gives  off  piperidine,  and  by  boiling  with  alcoholic 
potash,  it  is  resolved  into  piperidine  and  piperio  acid  (p.  919)  : 

C,7H,,N0,    +     H^O     =    C,,IIioO,    4-     Cj.HnN. 

Piperidine,  C5H„N=  CsHjoNH,  is  a  liquid  which  boils  at  106©  C.  (222.80 
F.),  dissolves  easily  in  alcohol  and  ether,  has  a  strong  alkaline  reaction, 


984  PECTOU8   SUBSTANCSS. 

and  forms  neutral  crjsUilline  salts  with  1  eq.  of  acid.     It  is  a  seocmdaty  ( 

amine,  one  of  its  hydrogen-atoms  being  replaceable  bj  acid  and  alcoholic- 
radicles.  Meikifi-piperidine,  C^U,^.CU„  and  eikyl-piperidiney  C5H10.N.C2HJ,  « 
are  colorless  liquids,  the  former  boiling  at  1180C.  (244.4^  F.),  the  latter  | 
at  2i?o  c.  (82.40  p.).  Benzovl-piperidine,  CjH,^.N.C,H50,  is  crystalline.  ' 
Piperine  is  a  similar  derivative  containing  the  radicle  of  piperic  acid,  1 
CjH,^.  N .  Cj^H^O,. 

Atropine  or  Datarine,  Cj^H^iNO,,  oocorring  in  the  deadly  nightshade 
(^Atropa  Indladonna)  and  in  tiie  thoru  apple  (^DtUura  Stramonium)^  crystal- 
lizes in  thin  prisms,  melting  at  9vO  C.  (19^  F.).  It  is  bitter,  very  poison- 
ous, and  in  small  quantity  produces  dilatation  of  the  pupil.  By  heating 
with  baryta-water  or  hydrochloric  acid,  it  is  resolved  into  tropic  acid  (p. 
913)  and  tropiue : 

■ 

Tropine  is  a  strong  mono-acid  base,  crystallizing  from  ether  in  tables,  ( 

melting  at  61^  C.  (141.80  F.). 

Binapine,  C^HgNOs,  occurs  in  white  mustard  seed  in  the  form  of  thio- 
cyauate,  which  may  be  dissolved  out  by  alcohol.  The  base,  separated 
from  the  thiocyanate  or  other  salt  by  alkalies,  remains  dissolved,  and 
diMX>mpose8  on  evaporation.  By  boiling  the  salts  with  alkalies,  the  sina- 
pine  is  resolved  into  choline  (p.  645)  and  sinapic  acid,  C^H^O,: 

CifiH^NOj    +     2H,0    =    CjHuNOj    -f     C„H„0,. 

Sinapic  acid  is  bi basic,  and  crystallizes  in  thin  prisms,  soluble  in  hot 
water  and  in  alcohol. 

There  are  numerous  other  alkaloids,  more  or  less  known,  occurring  in 
plants  ;  the  following  short  notice  of  a  few  of  them  must  suffice  : — 

Hyoscyamine. — A  white,  crystallizable  substance,  from  Ilyosctfamus  niger; 
it  occurs  likewise  in  Datura  Stramonium. 

Solanine,  CuH-,N0,4(?). — A  pearly,  crystalline  substance,  from  various 
solanaceous  plants  ;  resolved  by  boiling  with  dilute  aoids  into  glucose  and 
solanidine  :   C^n^iNOj,  -f  311,0  =  3CjH„0e  -f  C»H„NO  . 

Aconitine,  CjqH^jNO,. — ^A  crystalline,  very  poisonous  alkaloid,  from  Aco- 
nitum  Napellus. 

.  Ddphinine. — A  yellowish,  fusible  substance,  from  the  seeds  of  Delphinium 
Stanhisagria. 

Emetine. — A  white  and  nearly  tasteless  powder,  from  ipecacuanha  root. 

Curan»€.— The  arrow-poison  of  Central  America. 


PeotOHB  BnbBtances. 


The  pulp  of  fleshy  fruits  in  the  unHpe  state,  also  of  fleshy  roots  and 
other  vegetable  organs,  contains  a  substance  called  pectose,  which  is 
insoluble  in  water,  but  under  the  influence  of  acids  and  other  reagents,  ia 
transformed  into  a  soluble  substance  pectin,  identical  with  that  which 
exists  in  ripe  fruits  and  imparts  to  their  juice  the  property  of  gelatinizing 
when  boiled. 

Pectin  may  be  obtained  by  boiling  the  pulp  of  carrots  or  turnips  with  a 
slightly  acid  liquid — or  better,  from  the  juice  of  ripe  pears,  by  precipitat- 
ing the  lime  with  oxalic  acid,  then  the  albuminous  substances  with  tannic 
acid,  and  adding  alcohol,  whereupon  the  pectin  separates  in  long  threads 
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or  as  a  jelly.  When  dry  it  forms  an  amorphous,  tasteless  mass,  soluble 
in  water,  and  precipitated  therefrom  by  alcohol  or  by  basic  acetate  of  lead. 
On  boiling  the  aqueous  solution,  the  pectin  is  converted  into  parapectiu, 
which,  as  well  as  pectin  itself,  is  converted  by  boiling  with  dilute  acids, 
into  metapectin,  which  has  an  acid  reaction,  and  is  precipitated  by 
barium  chloride.  These  three  substances  are  said  to  be  isomeric,  and  re- 
presented by  the  empirical  formula,  C^HgO,. 

According  to  Fr6my,  all  vegetable  tissues  which  contain  pectose  contain 
also  a  ferment  called  pectase,  similar  in  its  mode  of  action  to  diastase 
and  emulsin.  It  is  an  amorphous  substence,  which  may  be  precipitated 
by  alcohol  from  fresh  carrot-juice.  Under  the  influence  of  this  ferment — 
or  of  dilute  caustic  alkalies  at  3(P — pectin  is  transformed  into  pectosic 
acid,  C5.^II4q028.3H,0,  and  afterwards  into  pectic  acid,  C,,H,gOi3. 
2II2O,  which,  by  prolonged  boiling  with  water,  is  converted  into  pa  ra- 
pe c'tic  acid,  C^fi^O^^.^Rfi,  The  final  product  of  the  transformation 
of  pectous substances  is  metapectic  acid,  CgIIiQOf.2H20,  which  reduces 
alkaline  copper  solutions,  and  is  resolved  by  alkalies  into  iformic  and  pro- 
tocatechuic  acids.  The  composition  of  all  these  bodies  is,  however,  very 
uncertain. 


Bile  Constitaents. 


1.  Biliary  Acids. — Bile,  the  fluid  secretion  of  the  liver,  contains — in 
addition  to  fats,  mucous  substances,  proteids,  urea,  and  choline— the 
sodium  salts  of  two  peculiar  acids,  called  glyoocholio  and  tauro- 
cholic;  also  certain  coloring  matters,  and  an  aromatic  alcohol  called 
cholesterin,  already  described  (p.  886) . 

OlycochoUc  Acid,  C^H^NO^. — When  fresh  ox-bile  perfectly  dried  is 
exhausted  with  cold  absolute  alcohol,  and  mixed  after  filtration  with  ether, 
it  first  deposits  a  brownish,  tough,  resinous  mass,  and  after  some  time, 
stellate  crystals,  consisting  of  the  glyoocholates  and  taurocholates  of 
sodium  and  potassium.  On  dissolving  these  salts  in  water  and  adding 
dilute  sulphuric  acid,  glycocholic  acid  separates  after  twenty-four  hours 
in  the  crystalline  state,  while  taurocholic  acid  remains  dissolvi^d. 

Glycocholic  acid  crystallizes  in  white  slender  needles,  sparingly  soluble 
in  water,  easily  in  aleohol.  It  has  a  faint  acid  reaction  and  bitter-sweet 
taste.  It  is  monobasic  ;  its  alkali-salts  are  very  soluble  in  water,  and 
have  a  very  sweet  taste.  On  adding  to  glycocholic  acid  a  solution  of  sugar 
and  then  strong  sulphuric  acid,  a  purple-red  coloration  is  produced  (l*et- 
tenkofer's  bile-reaction). 

Glycocholic  acid  is  resolved  by  boiling  with  alkalies  into  glyoocine  and 
oliolic  acid,  C34U4QO5: 

CmH^NO^     +    H,0    =    C,n3(NH,)0,    +     C^JI^oOfi. 

Gholic  acid  crystallizes  in  shining  quadratic  octohedrons  containing  2^  mol. 
water,  soluble  in  alcohol  and  ether. 

Glycocholic  acid  is  also  resolved  into  glycocine  and  rholic  acid  by  boiling 
with  acids,  but  the  cholio  acid  is  then  converted,  by  abstraction  of  water, 
into  dy  sly  sin,  C,4H|„03,  an  amorphous  substance  which  is  reconverted 
into  cholic  acid  by  boiling  with  alcoholic  potash. 

Tanrocholio   Aoid,   C^jH^gNSO,,  may  be  precipitated  by  basic  lead 
acetate,  after  the  glycocholic  acid,  mucus,  and  coloring  matters  have  been 
removed   by  the   neutral   acetate.     It   forms   slender  needles,  having  a 
83 
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sweetish-bitter  taste,  and  easily  soluble  in  water  and  iu  alcohol.  Bj  boil- 
ing with  water  it  is  resolved  into  chblic  acid  and  taurine  (p.  605)  : 

C»H«NSOt    +     U.p    =     C^H^Oj    +     C,H^(NH,).SO,H , 

the  cholic  acid  being,  however,  for  the  most  part  converted  by  dehydra- 
tion into  dysljsin.  The  same  decomposition  takes  place  iu  the  putrefac- 
tion of  bile. 

Pig's  bile  contains  two  acids  analogous  to  the  aljove,  vii.,  hyoglvco- 
cholic  acid,  Cj^H^gNOj,  and  hyotaurocholic  acid,  C^H^NSO^ 
which  are  resolved  by  boiling  with  acids  into  hyocholicacid,  Cj^H^O^, 
and  glycocine  or  taurine  respectively. 

Goose-bile  contains  a  similar  acid,  CjgH^^NSOg,  called  chenotauro- 
cholic  acid,  which  is  resolved  by  alkalies  into  taurin  and  chenocholic 
acid,  Cj^H^O^. 

Lithofellic  acid,  CjoUgeO^,  an  acid  nearly  related  to  the  biliary 
acids,  occurs,  together  with  ellagic  acid,  in  Oriental  bezoar-stones  (p. 
920).  It  may  bo  extracted  by  hot  alcohol,  and  crystallizes  in  short  prisms, 
melting  at  204O  C.  (399. 2^  F.);  gives,  with  sugar-solution  and  strong  sul- 
phuric acid,  a  purple-red  color,  similar  to  that  produced  with  glyoocholic 
acid. 

« 

Bile  Pigments. — BiUruhin^  C,eHigN20s,  the  principal  coloring  matter  of 
the  bile,  forms  dark-red  prisms,  insoluble  iu  water,  sparingly  soluble  iu 
alcohol  and  ether,  easily  in  chloroform  and  carbon  sulphide,  it  dissolves 
in  alkalit^,  forming  a  yellowish-red  solution,  which,  wben  agitated  in 
contact  with  the  air,  yields  a  green  precipitate  of  hiliverdin,  CisHj^NjOj. 
Biii/itscin^  (.\cl^'>o^/\y  is  a  dark-green  mass,  insoluble  in  water  and  chloro- 
form, easily  soluble  in  al(X)hol. 

On  heating  an  alkaline  solution  of  those  bile-pigments  with  nitric  acid, 
a  green  color  is  produced,  changing  to  blue,  viol»»t,  red,  and  ultimately  to 
yellow.     This  reaction  serves  for  the  detection  of  bile. 


OelatinouB  Substances. 
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The  bone-cartilages,  tendons,  connective  tissue,  and  skin  of  the  animal 
body  dissolve,  for  the  most  part,  when  Irailed  for  a  long  time  with  wat4»r, 
yielding  a  solution  which  solidities,  on  c<x>Iing,  to  a  transparent  tremulous 
mass  chilled  gelatin  or  glutin;  the  non-hardening  cartilages  yield  a 
similar  substance,  called  c  h  o  n  d  r  i  n . 

These  substances  contain  in  100  parts  : 

Gelatin 
Chondrin 

Their  molecular  weights  and  structural  formulas  are  unknown. 

Gelatin,  Bone-gelatin,  or  Glntln,  precipitated  from  its  aqueous  solu- 
tion by  alcohol,  forms  a  colorless,  transparent  mass,  without  taste  or  smell. 
It  swells  up  in  cold  water,  and  dissolves,  on  boiling,  to  a  viscid  liquid, 
which  solidifies  to  a  jelly  on  cooling.  By  prolonged  boiling  with  a  small 
quantity  of  nitric  acid,  or,  by  the  addition  of  concentrated  acetic  acid,  the 
solution  loses  the  property  of  gelatinizing.  The  aqueous  solution  turns 
the  plane  of  polarization  to  the  left.  It  is  precipitated  by  alcohol,  mer- 
curic chloride,  mercuric  nitrate,  and  mercurous  nitrate,  bat  not  by  alum, 
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or  by  lead  acetate,  either  neutral  or  basic.  Tannic  acid  throws  down, 
even  from  very  dilute  solutions  of  gelatin,  a  tough  yellowigli  precipitate, 
consisting  of  a  compound  of  the  two  bodies.  The  tissues  which  yield 
gelatin  likewise  unite  witli  tannic  acid,  and  withdraw  it  completely  from 
its  solutions,  forming  leather. 

Gelatin  boiled  with  sulphuric  acid  or  with  alkalies  yields  leucine  and 
glycocine,  together  with  other  products  of  unknown  constitution.  By 
destructive  distillation  it  yields  several  amines  belonging  to  the  fatty  and 
pyridine  series.  By  oxidation  with  MnOa  and  sulphuric  acid,  or  with 
chromic  acid,  it  yields  the  same  products  as  the  proteids. 

Isinglass  is  a  very  pure  gelatin  obtained  from  the  dried  swimming  bladder 
of  the  sturgeon  :  it  dissolves  in  water  merely  warm.  Size  is  an  impure 
gelatin,  prepared  from  the  clippings  of  hides  and  similar  matters.  Glue 
is  the  same  substance  dried  by  exposing  it  in  thin  slices  on  nettings  to  a 
current  of  air. 

Chondrin,  obtained  from  the  cartilages  of  the  ribs  and  joints'^  is  very 
much  like  gelatin,  but  differs  from  it  in  being  precipitated  from  its  aque- 
ous solution  by  acetic  acid,  alum,  lead  acetate,  and  other  metallic  salts, 
but  not  by  mercuric  chloride.  Its  products  of  decomposition  are,  for  the 
most  part,  the  same  as  those  of  gelatin  ;  with  sulphuric  acid,  however,  it 
yields  no  glycocine,  but  only  leucine.  When  boiled  with  hydrochloric 
acid  it  yields  glucose. 

Silk-gelatin  or  Serlcin,  CjjHj^N^Og,  is  extracted  from  silk  by  boiling 
with  water,  and  precipitated  by  alcohol  as  an  amorphous  powder.  It 
swells  up  in  water,  dissolves  on  boiling,  and  solidifies  to  a  jelly  ;  is  preci- 
pitated by  potassium  ferrocyanide,  basic  lead  acetate,  and  several  other 
metallic  salts.  By  boiling  with  sulphuric  acid  it  yields  leucine,  tyrosine, 
and  amidoglyccric  acid  or  serine  (p.  757). 

Fibroin,  CuHjjNjOj,  the  chief  constituent  of  silk  (about  66  per  cent.), 
is  obtained  by  repeatedly  digesting  silk  with  water  at  13(P  C.  (266^  F.), 
and  exhausting  the  residue  with  alcohol  and  ether :  it  then  remains  as  a 
white  shining  mass.  It  dissolves  in  strong  sulphuric  acid  and  in  alkalies, 
and  is  precipitated  on  saturating  the  solutions.  When  boiled  with  sul- 
phuric acid  it  yields  leucine,  tyrosine,  and  glycocine. 


Proteids  or  Albuminoids. 

These  suljstanc^s  form  the  chief  part  of  the  solid  constituents  of  the 
blood,  muscles,  nerv€»s,  glands,  and  other  organs  of  animals  ;  they  occur 
also  in  small  quantities  in  almost  every  part  of  vegetables,  and  in  larger 
quantities  in  the  seeds.  They  are  formed  exclusively  in  plants,  and 
undergo  but  little  alteration  when  consumed  as  f(H)d  and  assimilated  by 
animals. 

The  several  bodies  of  this  class  resemble  one  another  closely  in  their 
properties,  and  more  especially  in  their  percentage  composition,  which  is 
comprised  between  the  following  limits  : 

Carbon 

Hydrogen  ..... 
Nitrogen  .  ,  .  .  . 
Oxygen  ..... 
Sulphur 


52.7 

to 

54.5 

6.9 

(( 

7.3 

15.4 

(< 

16.5 

20.0 

(( 

23.5 

0.8 

(( 

1.6 

990  PB0TEIB8. 

1.  Acid-albamin.-^If  a  small  qnantity  of  dilute  acid  (hydroobloric  or 
acetic)  be  added  to  serum-  or  egg-albumiu,  no  precipitation  or  coagulation 
takes  place,  and  on  gradually  raising  the  temperature  of  the  mixture  to 
700  C.  (15bO  F.),  it  will  be  found  that  coagulation  at  that  or  at  a  higher 
temperature  haa  been  entirely  prevented.  At  the  same  time,  the  in- 
Auence  of  the  fluid  on  polarized  light  has  been  altered.  The  rotation  to 
the  left  has  become  increased  to  TIP. 

On  carefully  neutralizing  the  cooled  mixture,  the  whole  of  the  proteid 
matter  is  thrown  down  as  a  white,  flocculent,  frequently  gelatinous  pre- 
cipitate. The  action  of  the  acid  has  converted  the  albumin  soluble  in 
water  into  a  substance  insoluble  in  water.  The  precipitate  is  very  readily 
soluble  in  excess  of  the  alkali  used  for  neutralization,  may  be  roprecipitated 
by  again  neutralizing  with  an  acid,  again  redissolved  by  excess,  and  so 
on.  It  is  also  soluble  in  dilute  solutions  of  alkaline  carbonates.  It  is 
insoluble  in  sodium  chloride  solution,  and  may  be  precipitated  from  its 
solutions  by  the  addition  of  that  salt.  Suspended  in  water  and  heated 
to  700  C.  (1580  F.),  it  enters  into  the  coagulated  or  insoluble  condition. 

All  the  globulins  of  Class  II.  are  readily  soluble  in  dilute  acids  ;  but  by 
the  act  of  solution  they  are  at  once  converted  into  acid-albumin,  the  pre- 
cipitate formed  by  neutralization  being  no  longer  soluble  in  neutral  saline 
solutions. 

2.  Alkali-albumin  or  Albuminate.  Casein. — ^When  albnminons 
substances,  egg-  or  serum-albumin,  for  example,  are  treated  with  dilute 
caustic  alkali  instead  of  acid,  coagulation  by  heat  is  similarly  prevented, 
and  the  whole  of  the  proteid  may  in  like  manner  be  thrown  down  on  neu- 
tralization. Some  of  the  bodies  thus  produced  agree  well  together,  and 
cauuot  be  distinguished  from  the  casein  of  milk,  although  most  probably 
casein  is  not  identical  with  artificial  albuminate,  and  the  bodies  which  are 
produced  by  the  action  of  })otash  on  different  albuminous  substances  may 
differ  slightly  one  from  the  other,  as  is  evident  in  the  difference  of  their 
rotatory  action  on  polarized  light. 

Casein  occurs  most  plentifully  in  the  milk  of  animal  feeders,  and  is  best 
obtained  from  milk  by  precipitating  with  crystalline  magnesium  sulphate, 
filt<;ring  and  washing  with  a  concentrated  solution  of  salt,  then  dissolving 
the  precipitate  in  water ;  the  butter  is  filtered  off,  and  the  clear  solution 
precipitated  by  dilute  acetic  acid. 

Dried  casein  and  albuminate  are  yellow,  transparent,  and  hygroscopic, 
swelling  up  in  water,  but  not  dissolving.  When  precipitated  in  a  flocky 
state,  they  dissolve  easily  in  water  if  it  contains  a  little  alkali.  The  pre- 
cipitate which  forms  on  neutralizing  the  alkaline  solution,  dissolves  easily 
in  an  excess  of  acetic  acid  or  dilute  hydrochloric  acid.  On  the  addition  of 
an  excess  of  mineral  acid,  or  on  neutralization  witli  an  alkali,  these  solu- 
tions give  a  precipitate. 

The  neutral  or  feeblv  alkaline  albuminate,  and  casein  in  alkaline  sola- 
tion,  are  precipitated  in  the  cold  by  alcohol :  when  hot  they  are  dissolved. 
By  fusion  with  potassium  hydrate,  casein  yields  valeric  and  butyric  acids, 
besides  other  products. 

The  most  striking  property  of  casein  is  its  coagulability  by  certain 
animal  membranes,  as  is  seen  in  the  process  of  cheese-making,  in  prepar- 
ing the  ciirdj  the  coagulation  being  effected  by  an  infusion  of  the  stomach 
of  the  calf  called  rennet. 

Plant-casein,  or  Legumin,  is  found  chiefly  in  the  seeds  of  legu- 
minous fruits,  from  the  juice  of  which  it  may  be  precipitated  by  acetic 
acid  or  by  rennet. 
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Class  IV. — Fibrin. — Insoluble  in  water  ;  sparingly  soluble  in  dilute 
acids  and  alkalies,  and  in  neutral  saline  solutioud. 

This  is  the  substance  to  which  the  clotting  of  blood  is  due.  It  may  be 
obtained  by  washing  blood-clots,  or  more  readily  by  stirring  with  a  bundle 
of  twigs,  blood  just  shed,  before  it  has  had  time  to  clot.  The  fibrin,  which 
adheres  in  layers  to  the  twigs,  may  then  be  stripped  off  and  washed  till 
perfectly  white.  The  formation  of  fibrin  is  due  to  the  contact  of  fibrino- 
plastic  and  fibrinogenous  substance.  When  these  two  substances  come  into 
contact  in  any  fluid,  they  combine,  quickly  or  slowly,  according  to  the 
greater  or  lesser  quantity  of  each  substance  in  the  fluid,  to  form  fibrin. 

Fibrin  differs  from  all  other  solid  proteids  in  having  a  filamentous  struc- 
ture, and  in  possessing  remarkable  elasticity.  It  is  insoluble  in  water, 
dilute  hydrochloric  acid,  and  aqueous  sodium  chloride,  but  dissolves  at 
40O  C.  (I04O  F.)  in  aqueous  potassium  nitrate. 

Plant-fibrin  occurs  as  an  insoluble  substance  in  plants,  especially 
in  the  seeds  of  cereal  grasses.  When  wheat-flour  is  stirred  up  to  a  paste 
with  water,  and  kneaded  for  some  time,  the  starch  granules  and  soluble 
albumin  are  removed,  and  there  remains  a  tenacious  mass  called  gluten  ; 
and  by  boiling  this  substance  with  dilute  alcohol  to  remove  vegetable 
gelatin  (gluten)  and  extracting  the  fats  with  ether,  the  plant-fibrin  is 
obtained  in  the  form  of  a  grayish -white,  tough,  elastic  mass,  it  dissolves 
in  very  dilute  hydrochloric  acid,  and  in  dilute  alkalies,  and  is  precipitated 
from  these  solutions  by  neutral  salts,  and  by  acetic  acid.  By  trailing  with 
dilute  sulphuric  acid,  plant-fibrin  is  resolved  into  leucine,  tyrosine,  and 
glutamic  acid. 

Class  V.  Coagalated  Proteid. — Coagulated  albumin  is  formed  from 
albumin,  syntoniu,  fibrin,  myosin,  etc.,  by  heating  their  neutral  solutions 
to  boiling,  or  by  the  action  of  alcohol.  Kgg  albumin  is  also  changed  into 
coagulated  albumin  by  strong  hydrochloric  acid  and  by  ether.  The  albu- 
minates, and  also  casein,  when  precipitated  by  neutralization,  pass  into 
coagulated  albumin  when  heated.  The  coagulated  albuminous  substances 
are  insoluble  in  water,  alcohol,  and  other  indifferent  fluids,  scarcely  solu- 
ble in  dilute  potash,  soluble  with  great  difficulty  in  ammonia.  In  acetic 
acid  they  swell  up,  and  gradually  dissolve.  They  are  mostly  insoluble  in 
dilute  hydrochloric  acid  ;  but  when  pepsin  is  also  present  at  blood  heat, 
they  change  first  into  syntonin,  and  then  into  peptone.  They  are  dis- 
solved by  strong  hydrochloric  acid,  and  by  caustic  potash  they  are  changed 
into  albuminates. 

Class  VI.  Peptones.— By  the  action  of  the  acid  gastric  juice,  all  albu- 
minous substances  are  changed  into  bodies  called  peptones.  These  are 
found  only  in  the  stomach  and  in  the  contents  of  the  small  intestines. 
They  can  no  longer  be  detected  in  the  chyle.  They  are  highly  diffusible, 
easily  soluble  in  water,  insoluble  in  alcohol  or  ether ;  but  alcohol  separates 
them  with  difficulty  from  the  watery  solution ;  when  precipitated  they 
remain  unchanged  even  after  boiling.  They  are  not  precipitated  either 
by  acids  or  by  alkalies.  Acetic  acid  and  potassium  ferrocyanide  give  no 
precipitate  ;  but  corrosive  sublimate  and  lead  acetate  with  ammonia  give 
precipitates. 

The  reactions  of  the  several  proteids  above  described  may  be  tabulated 
as  follows : — 

Soluble  in  water : 
Aqueous  solutions  not  coagulated  by  boiling       .        .     Peptoxeb. 
Aqueous  solutions  coagulated  by  boiling     .        .        .    Albumiks. 

Insoluble  in  water : 

Soluble  in  a  1  p.  o.  solution  of  sodium  chloride  .         .     Qlobulinbs. 
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Insoluble : 

Soluble  in  hydrochloric  acid  (0.1  p.  c.)  in  the  cold  : 

Soluble  in  hot  spirit (Alkali- 

Insoluble  in  hot  spirit 

Insoluble  in  hydrochloric  acid  (0.1  p.  c.)  in  the  cold  : 
Soluble  in  hydrochloric  acid  (0.1  p.  o.)  at  60O .         .     Fibrik. 
Insoluble  in  hydrochloric  *acid  (0.1  p.  c.)  at  60O ;  (  Coaoulatkd 
insoluble  in  strong  acids  ;  soluble  in  gastric  juice  (     albumin. 

Substances  related  to  the  Proteids, 

Hadmoglobin,  54.2  oxygen,  7.2  hydrogen,  0.42  iron,  16.0  nitrn;en, 
21.5  oxygen,  and  0.7  sulphur ;  also  called  Ilvanaioglobtdin  and  Hamatocrgs- 
tallin. — ^This  substance  forms  the  chief  part  of  the  red  globules  of  the 
blood  of  vertebrata ;  usually  it  is  obtained  in  an  amorphous  condition, 
but  from  the  blood  of  some  animals-r-as,  for  example,  dogs,  cats,  rata, 
mice,  and  many  fish — it  can  be  separated  in  the  crystalline  form.  Red 
crystals  can  be  obtained  from  dog's  blood  by  mixing  the  defibrinated  blood 
with  an  equal  quantity  of  water,  adding  1  volume  of  alcohol  to  4  volumes 
of  the  diluted  blood,  and  leaving  it  at  rest  at  OO  or  lower.  After  24  hoars 
the  hsemoglobin  separates  in  small  violet-red  rhombic  octohedrons.  After 
drying  over  sulphuric  acid  it  forms  a  brick-red  XK)wder.  It  dissolves  in 
cold  water,  forming  a  red  solution,  from  which  it  is  precipitated  in  the 
crystalline  form  by  alcohol.  At  ordinary  temperatures  the  solution  de- 
composes and  turns  brown. 

Tlie  aqueous  solution  of  hsmoglobin  (or  of  blood)  exhibits  in  its  spec- 
trum two  absorption-bands  situated  between  the  Frauenhofer  lines  D  and 
£  (in  the  yellow  and  green). 

Hsemoglobin  unites  with  certain  gases  forming  peculiar  unstable  com- 
pounds. The  solution  containing  oxygen  has  a  deep  red  color ;  the  solu- 
tion free  from  oxygen  is  dark  purple  (arterial  and  venous  blood)  ;  the 
absorption-bands  are  exhibited  only  by  the  oxygenated  solution.  Carbon 
monoxide  displaces  the  oxygen,  and  forms  with  the  hsemoglobin  a  com- 
pound which,  on  addition  of  alcohol,  separates  in  bluish  crystals :  this 
appears  to  be  the  cause  of  the  deleterious  action  of  carbon  monoxide  on 
animals. 

Oxygenated  haemoglobin  is  resolved  by  dilute  acids  or  alkalies  into  two 
proteids,  fatty  acids,  and  a  coloring  matter  called  he  mat  in,  which  in  the 
dry  state  is  a  dark  blue  powder.  It  contains  9  per  cent,  of  iron,  and  ap- 
pears to  have  the  composition  C34lIj4FeN405  . 

When  hsemoglobin  (or  blood)  is  warmed  with  strong  acetic  acid  and 
solution  of  common  salt,  a  substance  called  hemin  separates  in  yellow- 
ish-red microscopic  rhombic  crystals,  the  formation  of  which  serves  as  a 
delicate  indication  of  the  presence  of  blood. 

Related  to  the  proteids  are  also  many  ferments,  such  as  emulsin  or 
synaptase,  occurring  in  almonds;  diastase  (p.  632),  which  is  formed 
from  vegetable  fibrin  in  the  germination  of  seeds,  and  is  characterized  by 
the  property  of  converting  starch  and  dextrin  into  sugar  ;  myrosin  from 
mustard-seeds  (p.  547)  ;  ptyalin,  the  ferment  of  saliva,  which  also 
cx)nverts  starch  into  dextrin  and  sugar  ;  pepsin  ,  which  is  contained  in 
gastric  juice,  and  possesses  the  power,  in  conjunction  with  hydrochloric 
acid,  of  dissolving  the  insoluble  proteids  and  converting  them  into  pep- 
tones. 
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M  n  c  i  n  is  the  chief  constituent  of  animal  mucus,  and  is  precipitated 
by  alcohol  and  dilute  acetic  acid. 

The  horny  substances  of  horns,  nails,  hoofs,  hairs,  feathers,  and 
the  epidermis,  are  also  nearly  related  to  the  proteids,  having  indeed  the 
Bame  composition,  except  that  they  contain  more  sulphur  (2-5  p.  c). 
They  dissolve  easily  in  alkalies,  with  formation  of  sulphides.  Nitric 
acid  turns  them  yellow.  Boiled  with  dilute  sulphuric  acid  they  yield 
leucine  and  tyrosine. 


Brain  ConstitnentB. 

When  brain  or  spinal  marrow  is  boiled  with  water,  creatine,  inosite, 
lactic  acid,  uric  acid,  and  other  substances,  it  dissolves,  and  from  the  resi- 
due ether  extracts  fata,  cholesterin  (p.  886),  cerebrin,  and  lecithin.  On 
cooling  the  solution,  the  two  latter  substances  are  first  deposited,  and  may 
be  separated  by  cold  ether,  which  dissolves  only  the  lecithin.  The  so- 
called  protagon  is  a  mixture  of  cerebrin  and  lecithin. 

Cerebrin  or  Cerebric  Acid,  CiyllgsNOg,  is  a  light  amorphous  x>owder, 
without  taste  or  smell ;  swells  up  like  starch  when  boiled  with  water,  and 
is  converted  by  boiling  with  dilute  acids  into  a  saccharine  substance,  and 
other  products. 

Iieoithin,  C4.^Hg4NP09,  is  widely  diffused  in  the  animal  organism,  occur- 
ring especially  in  the  brain  nerves,  yolk  of  eggs,  blood-corpuscles,  etc.  It  is 
best  prepared  by  exhausting  egg-yolk  with  a  mixture  of  alcohol  and  ether, 
evaporating  the  ether,  adding  an  alcoholic  solution  of  platinic  chloride, 
decomposing  the  yellow  platinochloride,  (C^jHgjNPOiCOj.PtCl^,  with  hy- 
drogen sulphide,  and  evaporating  the  filtrate. 

Lecithin  is  a  waxy,  indistinctly  crystalline  mass,  which  dissolves  in 
alcohol  and  ether,  and  swells  up  in  water,  forming  an  opalescent  solution 
or  emulsion,  from  which  it  is  precipitated  by  various  salts  of  the  alkali- 
metals.     It  unites  both  with  bases  and  with  acids. 

By  boiling  with  acids,  or  with  baryta-water,  lecithin  is  resolved  into 
choline,  glycerophosphorio  acid,  palmitic  acid,  and  oleic  acid. 
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COIfPABISOn    OF    THB  DBOBBES    OP    BAUME'S    HTDBOMSTEK    WITH    THB  REAL 

SPECIFIC    GBAYITIES. 

1.  For  Liquids  heavier  than  Water. 


Degrees. 

Specific 
Gravity. 

D^rees. 

Specific 
Gravity. 

Degreoe. 

Specific 
Gravity. 

0 

1000 

26 

1-206 

52 

1-520 

1 

1007 

27 

1-216 

53 

1-535 

2 

1-013 

28 

1-225 

54 

1-551 

3 

1020 

29 

1-235 

55 

1-567 

4 

1027 

30 

1-245 

56 

1-683 

5 

1034 

81 

1-256 

57 

1-600 

6 

1041 

32 

1-267 

58 

1-617 

7 

1048 

33 

1-277 

59 

1-634 

8 

1056 

34 

1-288 

60 

1-652 

9 

1.063 

85 

1-299 

61 

1-670 

10 

1070 

36 

1-310 

62 

1-689 

11 

1078 

37 

1-321 

63 

1-708 

12 

1-085 

38 

1-338 

64 

1-727 

13 

1-094 

39 

1-345 

65 

1-747 

14 

1101 

40 

1-357 

66 

1-767 

15 

1109 

41 

1-369 

67 

1-788 

16 

1118 

42 

1-381 

68 

1-809 

17 

1126 

43 

1-395 

69 

1-831 

18 

1134 

44 

1-407 

70 

1-854 

19 

1148 

45 

1-420 

71 

1-877 

20 

1152 

46 

1-434 

72 

1-900 

21 

1160 

47 

1*448 

73 

1-944 

22 

1-169 

48 

1-462 

74 

1-949 

23 

1178 

49 

1-476 

75 

1-974 

24 

1-188 

50 

1-490 

76 

2-000 

25 

1-197 

51 

1-495 

995 
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2L  Biomft  HfinmtLer  for  LiqmiiM  U§hier  tJkoM  Water. 


f   ■  - 

1 

4«Jie 

«i«ifc 

Spcoic 

• 
■ 

■ 

Gnmty. 

Ofsvitj. 

Gnvity. 

10 

1-000 

27 

0-896 

44 

0-811 

11 

0-993 

28 

0-890 

45 

0-837 

:      12 

0-986 

29 

0-885 

i      ^ 

0-802 

;    13 

0-980 

30 

,        0-880 

'        47 

0-798 

14 

0-973 

■       31 

;        0-874 

48 

0-794 

15 

0-967 

32 

0-869 

49 

0-789 

16 

0-960 

;       33 

1        0-864 

50 

0-785 

17 

0-964 

34 

0-859 

61 

0781 

18 

0-948 

35 

0-854 

62 

0-777 

19 

0-942 

36 

0-849 

63 

0-773 

20 

0-936 

37 

0-814 

54 

0-768 

21 

0-930 

38 

0-839 

55 

0-764 

22 

0-924 

1        39 

0-834 

56 

0760 

23 

0-918 

40 

0-830 

67 

0-757 

24 

0-913 

.       41 

0-825 

68 

0753 

25 

0-907 

42 

0-820 

59 

0-749 

26 

0-901 

43 

1 

1 

0-816 

!       60 

1 

0-746 

These  two  tables  are  on  the  authority  of  Francoeur ;  f hej  are  taken  from 
the  Ilandworterbuch  der  Chemie  of  Liebig,  Poggendorff,  and  Wohler.  Baam^s 
hydrometer  is  Tery  commonly  used  on  the  Continent,  especially  for  liquids 
heavier  than  water.  For  lighter  liquids  the  hydrometer  of  Cartier  is  often 
employed  in  France.     Cartier's  degrees  differ  but  little  from  those  of  Baumd. 

In  the  United  Kingdom,  Twaddell's  hydrometer  is  a  good  deal  used  for 
dense  liquids.  This  instrument  is  so  graduated  that  the  real  specific  grsT- 
ity  can  be  deduced  by  an  extremely  simple  method  from  the  degree  of  the 
hydrometer;  namely,  by  multiplying  the  latter  by  5,  and  adding  1000:  the 
sum  is  the  specific  gravity,  water  being  1000.  Thus  10**  Twaddle  indicates 
a  specific  gravity  of  1050,  or  105;  W  Twaddell,  1450,  or  1-45. 

In  the  Customs  and  Excise,  Sikes*s  hydrometer  is  used. 
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TABLE  III. 

Abstract  of  Rbgnault's  tablb  op  thb  mazivuh  tension  of  watbr-vapob, 
at  different  temperatures,  expressed  in  hlllimbters  of  mbrcurt. 


Temperature. 

Tension, 
millimeters. 

Temperature. 

Tension, 
millimeters. 

—  320  C. 

—  25.60  F. 

0.320 

lOOOC. 

2120  F. 

760.000 

30 

22.0 

0.386 

105 

221 

906.410 

25 

13.0 

0.605 

110 

230 

1075.370 

20 

4.0 

0.927 

115 

239 

1269.410 

15 

+     5.0 

1.400 

120 

248 

1491.280 

10 

14.0 

2.093    , 

125 

257 

1743.880 

5 

23.0 

3.113 

130 

266 

2030.280 

0 

32.0 

4.600 

136 

275 

2353.730 

+     5 

41.0 

6.534 

140 

284 

2717.630 

10 

50.0 

9.165 

145 

293 

3125.55 

15 

59.0 

12.699 

150 

302 

3581.23 

20 

68.0 

17.391    ' 

165 

311 

4088.56 

25 

77.0 

23.550 

160 

320 

4651.62 

30 

8(5.0 

31.548    ; 

166 

329 

5274.54 

35 

95.0 

41.827 

170 

338 

6961.66 

40 

104.0 

54.906 

175 

347 

6717.43 

45 

113.0 

71.391 

180 

356 

7546.39 

50 

122.0 

91.982 

185 

365 

8453.23 

55 

131.0 

117.478    i 

190 

374 

9442.70 

60 

140.0 

148.791 

195 

383 

10519.63 

65 

149.0 

186.945 

200 

392 

11688.96 

70 

158.0 

233.093 

205 

401 

12955.66 

75 

167.0 

288.517 

210 

410 

14324.80 

80 

176.0 

354.643 

215 

419 

15801.33 

85 

185.0 

433.041    , 

220 

428 

17390.36 

90 

194.0 

525.450 

225 

437 

19097.04 

95 

203.0 

633.778 

i 

230 

446 

20926.40 

84 
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IVEIGHTS   AND   MEASURES. 


480-0  grains  Troy  =  1  oi.  Troy. 

487*6  **  ss  1  oz.  AYoirdapGids. 

7000-0  **  »  1  lb.  Avoirdupoids. 

6760-0  "         «a  1  lb.  Troy. 


Ibe  imperial  gallon  contains  of  water  at  60°  (150-6C)  70,000-    gniinfl 

The  pint  {\  of  gallon) 8,760- 

TTie  fluid-ounce  (^  of  pint) 487-6      '« 

The  pint  equals  84-66  cubic  inches. 


The  Prcn:h  kHogramme  =  16,438-6  grains,  or  2-679  lb.  Troy.or 

2-205  lb.  avoirdupoids. 
The  grammme       =  15-4336  grains. 
**    deeifframme    =«    1-5434 
««    centigramme  =    0-1548 
'<    milligramme  =    0-0164 


The  mitre  of  France  =  39  37     inches. 
"    decimetre  =    8-937        «• 

««    eeniimitre  «   0-894        «« 

"    mUUmitrs  »    0  0894       •• 
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TABLE 

rOB    CONYEETINO    DEGREES    OF    THE    OENTIO&ADE    THEBMOMETBK    INTO 

DBQBBES    OF   FAHBBNHEIT'B    SCALE. 


Cent. 

Vah. 

Cent. 

Fah. 

Cont. 

Fah. 

— lOO** 

...  — 1480« 

—550 

...   _  67-00 

—10°    ...   +14-0« 

99 

146-2 

54 

65-2 

9    ...     16-8 

98 

144-4 

58 

63-4 

8    ...     17-6 

97 

142-6 

52 

61-6 

7    ...     19-4 

96 

140-8 

51 

59-8 

6    ...     21-2 

95 

1390 

60 

58-0 

5    ...     23-0 

94 

137-2 

49 

56-2 

4 

24-8 

93 

136-4 

48 

54-4 

8 

26-6 

92 

138-6 

47 

52-6 

2    ...     28-4 

91 

131-8 

46 

50-8 

1    ...     80-2 

90 

1300 

45 

49-9 

0 

820 

89 

128-2 

44 

47-2 

-1-1    ...     33-8 

88 

126-4 

48 

45-4 

2 

86-6 

87 

124-6 

42 

43-6 

8 

87-4 

86 

122-8 

41 

41-8 

4 

89-2 

85 

121-0 

40 

40-0 

5    ...     410 

84 

1192 

39 

88-2 

6    ...     42-8 

83 

117-4 

88 

86-4 

7    ...    44-6 

82 

115-6 

87 

84-6 

8 

46-4 

81 

113-8 

86 

82-8 

9    ...    48-2 

80 

1120 

35 

31-0 

10 

500 

79 

110-2 

84 

29-2 

11    ...     51-8 

78 

108-4 

88 

27-4 

12    ...    53-6 

77 

106-6 

82 

25-6 

18    ...     56-4 

76 

104-8 

31 

23-8 

14    ...    57-2 

75 

103-0 

80 

220 

15    ...    59-0 

74 

101-2 

29 

20-2 

16    ...    60-8 

73 

99-4 

28 

18-4 

17 

62-6 

72 

97-6 

27 

16-6 

18    ...    64-4 

71 

95-8 

26 

14-8 

19 

66-2 

70 

94-0 

25 

13-0 

20    ...     68-0 

69 

92-2 

24 

11-2 

21 

69-8 

68 

90-4 

28 

9-4 

22    ...     71-6 

67 

88-6 

22 

7-6 

23    ...     73-4 

66 

86-8 

21 

5-8 

24 

76-2 

65 

85-0 

20 

4-0 

25 

77-0 

64 

83-2 

19 

2-2 

26 

78-8 

63 

81-4 

18 

0-4 

27    ...     80-6 

62 

79-6 

17 

4-1-4 

28    ...     82-4 

61 

77-8 

16 

3-2. 

29 

84-2 

60 

760 

15 

5-0 

30 

86-0 

59 

74-2 

14 

6-8 

81    ...    87-8  1 

68 

72-4 

13 

8-6 

32 

89-6 

57 

70-6 

12 

10-4 

33    ...     91  -4 

56 

...     68  8 

11 

12-2 

84 

98-2 

84» 
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Table  of  Thbbmomkteil  Scalbs  (continued). 


Cent 


Fah. 


Cent. 


Fah. 


Cent. 


Fah. 


+350 
36 
37 
88 
89 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
60 
61 
52 
53 
54 
55 
66 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
76 
76 
77 
78 
79 
80 
81 
82 
83 
84 


4.96-0° 
96-8 
98-6 
100-4 
102-2 
104  0 
105-8 
107-6 
109-4 
111-2 
1130 
114-8 
116-6 
118-4 
120-2 
1220 
123-8 
126-6 
127-4 
129-2 
131-0 
132-8 
134-6 
186-4 
138  2 
140-0 
141-8 
143-6 
145-4 
147-2 
1490 
160-8 
152-6 
154-4 
156-2 

158  0 

159  8 
161-6 
168-4 
166-2 

167  0 

168  8 
170-6 
172-4 
174-2 
176  0 
177-8 
179-6 
181-4 
183  2 


+850 

•  •• 

+185-0° 

^■ 

86 

«•• 

186-8 

87 

•  •  ■ 

188-6 

88 

•  »« 

190-4 

89 

■  •• 

192-2 

90 

•  •• 

1940 

91 

•  •  • 

195  8 

92 

•  •  • 

197-6 

93 

•  •• 

199-4 

94 

•  ■• 

201-2 

95 

•  •• 

2030 

96 

•  •• 

204-8 

97 

•  •■ 

206-6 

98 

•  •• 

208-4 

99 

•  •• 

210-2 

100 

•  •• 

212-0 

101 

•  •* 

213-8 

102 

•  •  • 

215-6 

103 

•  ■• 

217-4 

104 

•  •• 

219-2 

106 

•  •• 

2210 

106 

•  •• 

222-8 

107 

•  •■ 

224-6 

108 

•  •• 

226-4 

109 

•  •• 

228-2 

110 

•  •• 

2300 

111 

•  •• 

231-8 

112 

•  •• 

233-6 

113 

•  •• 

236-4 

114 

•  ••  ■ 

287-2 

116 

•  •• 

239-0 

116 

•  •• 

240-8 

117 

«•• 

242-6 

118 

•  •• 

244-4 

119 

•  •« 

246-2 

120 

•  •• 

248-0 

121 

■  •• 

249-8 

122 

•  •• 

261-6 

123 

•  •• 

263-4 

124 

•  •• 

266-2 

125 

•  •• 

267-0 

126 

•  ■• 

268-8 

127 

•  •• 

260-6 

128 

•  •• 

262-4 

129 

•  at 

264-2 

180 

•  •• 

266-0 

131 

a«« 

267-8 

182 

«•• 

269-6 

133 

•  •• 

271-4 

184 

•  •• 

273-2 

-|-136*» 
136 
137 
138 
139 
140 
141 
142 
143 
144 
146 
146 
147 
148 
149 


+275-0«  I 
276  8  I 
278-6 
280-2 
282-2 
284-0 
285-8 
287-6 
289-4 
291-2 
293-0 
294-8 
296-6 
298-4 
800-2 


150 

■  •• 

802-0 

151 

*•• 

803-8 

162 

•  •• 

805  6 

163 

•  •  ■ 

307-4 

154 

•  •• 

8092 

156 

•  •• 

311-0 

156 

•  a* 

812-8 

157 

m^^ 

814-6 

168 

•  a* 

816-4 

169 

•  •• 

818-2 

160 

aa« 

820-0 

161 

•  a  « 

821-8 

162 

•  •• 

323-6 

163 

•  •• 

826-4 

164 

■  aa 

827-2 

166     ■ 

•  a* 

8290 

166 

•  a* 

830-8 

167 

•  •• 

832-6 

168 

•  •• 

884-4 

169 

■  •• 

836-2 

170 

•  %• 

388-0 

171 

•  •• 

839-8 

172 

•  aa 

841-6 

173 

•  •• 

843-4 

174 

•  99 

846-2 

176 

•  •• 

847-0 

176 

•  •a 

848-8 

177 

•  aa 

860  6 

178 

•  •• 

862-4 

179 

%•• 

864-2 

180 

•  aa 

866 -0 

181 

aaa 

867-8 

182 

aaa 

869-6 

188 

aa  a 

861-4 

184 

aaa 

863-2 
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Table  of  Thebhometbb  Soalbs  {continued). 


Cent 

Fah. 

Cent 

Fah. 

Cent 

Fah. 

4-1860 

...  -f8650*> 

4-2800 

...  -f446  0<' 

-|-275<» 

...  +527-0« 

186 

366-8 

231 

447-8 

276 

628-8 

187 

368-6 

232 

449-6 

277 

530-6 

188 

870-4 

288 

451-4 

278 

682-4 

189 

872-2 

284 

458-2 

279 

5342 

190 

374-0 

285 

4550 

280 

6360 

191 

375-8 

236 

456-8 

281 

537-8 

192 

377-6 

237 

458-6 

282 

539-6 

198 

879-4 

238 

460-4 

283 

6414 

194 

881-2 

289 

462-2 

284 

6432 

195 

383-0 

240 

464-0 

285 

645-0 

196 

384-8 

241 

465-8 

286 

646-8 

197 

386-6 

242 

467-6 

287 

648-6 

198 

888-4 

248 

469-4 

288 

550-4 

199 

890-1 

244 

471-2 

289 

652-2 

200 

8920 

245 

4730 

290 

6640 

201 

..•    898'8 

246 

474-8 

291 

655 -8 

202 

895-6 

247 

476-6 

292 

667  6 

208 

397-4 

248 

478-4 

293 

669-4 

204 

399-2 

249 

480-2 

294 

661-2 

205 

401-0 

260 

482-0 

295 

663-0 

206 

402-8 

251 

483-8 

296 

664-8 

207 

404-6 

252 

485-6 

297 

666-6 

208 

406-4 

258 

487-4 

298 

568-4 

209 

408-2 

254 

489-2 

299 

670-2 

210 

410-0 

255 

4910 

800 

672  0 

211 

411-8 

2*56 

492-8 

801 

678-8 

212 

413-6 

257 

494-6 

802 

576-6 

218 

415-4 

258 

4964 

803 

677-4 

214 

417-2 

259 

498-2 

804 

679-2 

215 

4190 

260 

5000 

805 

6810 

216 

420-8 

261 

501-8 

806 

682-8 

217 

422-6 

202 

503-6 

307 

584-6 

218 

424-4 

263 

505-4 

808 

686-4 

219 

426-2 

264 

507-2 

809 

588-2 

220 

4280 

265 

509  0 

810 

6900 

221 

429-8 

266 

5108 

811 

591-8 

222 

481-6 

267 

512-6 

812 

693-6 

223 

483-4 

268 

514-4 

813 

596-4 

224 

485-2 

269 

516-2 

314 

597-2 

225 

4370 

270 

518-0 

815 

699  0 

226 

438-8 

271 

519-8 

316 

600-8 

227 

440-6 

272 

521-6 

317 

602-6 

228 

442-4 

278 

523-4 

818 

604.4 

229 

...  .  444-2 

274 

525-2 

319 

606-2 
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TABLE  VIL 

Weight  of  oitb  cxtbic  cb5timsteb  of  atmospheric  aib,  ih  obams,  at  diffb- 

RBNT  TBMPBBATDRES,  FOB  EVBBT  5  DEGREES  FBOM  0  TO  300O  Q.  AT  760  MX. 
(EtEBT  9  OBORBB8  FROM  320  TO  5720  F.) 


Difference. 

S 

a 
S 

OOC. 

320F. 

0.001293 

1550  C. 

3110  F. 

0.000824 

1 
10 

5 

41 

0.001270 

23 

160 

320 

0.000815 

9 

10 

50 

0.001248 

22  1 

165 

329 

0.000806 

9 

15 

59 

0.001226 

22 

170 

338 

0.000797 

9 

20 

68 

0.001205 

21 

175 

347 

0.000788 

9 

25 

77 

0.001185 

20  ' 

180 

356 

0.000779 

9 

30 

86 

0.001165 

20 : 

185 

365 

0.000770 

9 

35 

95 

0.001146 

19 

190 

374 

0.000762 

8 

40 

104 

0.001128 

18 

195 

383 

0.000754 

8 

45 

113 

0.001111 

17 

200 

392 

0.000746 

8 

50 

122 

0.001094 

17 

205 

401 

0.000738 

8 

55 

131 

0.001077 

17 

210 

410 

0.000730 

8 

60 

140 

0.001060 

17 

215 

419 

0.000722 

8 

65 

149 

0.001044 

16 

220 

428 

0.000715 

7 

70 

158 

0.001029 

15 

225 

437 

0.000708 

7 

75 

167 

0.001014 

15 

230 

446 

0.000701 

7 

80 

176 

0.001000 

14 

235 

455 

0.000694 

7 

85 

185 

0.000986 

14 

240 

464 

0.000687 

7 

90 

194 

0.000972 

14 

245 

473 

0.000680 

7 

95 

203 

0.000959 

13 

250 

482 

0.000674 

6 

100 

212 

0.000946 

13 

255 

491 

0.000668 

6 

105 

221 

0.000933 

13 

260 

500 

0.000662 

6 

110 

230 

0.000921 

12 

265 

509 

0.000656 

6 

115 

239 

0.000909 

12 

270 

518 

0.000650 

6 

120 

248 

0.000898 

11 

275 

527 

0.000644 

6 

125 

257 

0.000887 

11 

280 

536 

0.000638 

6 

130 

266 

0.000876 

11 

285 

545 

0.000632 

6 

135 

275 

0.000865 

11 

290 

654  ' 

0.000626 

6 

140 

284 

0.000854 

11 

295 

563 

0.000621 

5 

145 

293 

0.000844 

10 

300 

672 

0.000616 

5 

150 

302 

0.000834 

10 

The  colli mn  of  Differences  is  intended  to  facilitate  the  calcalation  of  the 
intermediate  values.  Thus,  to  find  the  weight  of  1  cub.' cent,  of  air  for 
520,  we  must  add  to  the  weight  for  50O  two-fifths  of  the  difference  (17) 
between  this  and  the  number  for  550 :  thus 

Weight  of  1  cub.  cent,  of  air  at  50©  =  0.001094 
Add  I  of  17  =:  7 


Weight  of  1  cub.  cent,  of  air  at  550  a=    0.01101 
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TABLE  VIII. 


Fob  thb  calculation  op  1  +  0.00367  t  •     (See  page  71.) 


t 

t 

■             1 

t 

t 

( 

1 

0.99634 

|31 

0.89785 

61 

0.81708 

91 

0.74964 

121 

0.69249 

2 

0.99271 

32 

0.89490 

62 

0.81464 

92 

0.74758 

122 

0.69073 

3 

0.98911 

33 

0.89197 

63 

0.81221 

93 

0.74554 

123 

0.68899 

4 

0.98553 

34 

0.88906 

64 

0.80979 

94 

0.74351 

124 

0.68725 

5 

0.98198 

35 

0.88617 

65 

0.80740 

95 

0.74148 

125 

0.68552 

6 

0.97845 

36 

0.88330 

66 

0.80501 

96 

0.73947 

126 

0.68380 

7 

0.97495 

37 

0.88044 

67 

0.80264 

97 

0.73747 

127  '  0.68209 

8 

0.97148 

38 

0.87761 

68  0.80068 

98 

0.73548 

128  .  0.68038 

9 

0.96803 

39  0.87479 

69  0.79794 

99 

0.73350 

129 

0.67869 

10 

0.96460 

40 

0.87199 

70  0.79561 

100 

0.73153 

130 

0.67700 

11 

0.96120 

41 

0.86921 

71  0.79329 

101 

0.72957 

131 

0.67532 

12 

0.95782 

42 

0.86645 

72  0.79099 

102 

0.72762 

132 

0.67365 

13 

0.95446 

43  0.86370 

73 

0.78870 

103 

0.72568 

133 

0.67199 

14 

0.95113 

44  0.86097 

74 

0.78642 

104 

0.72376  ; 
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tthyl-is.)butyl 600 

Ethyl-isopoutyl,  or  ethyl- 


amyl 


.000 


Ethyl-isopentyl-carbinol  693 
Ethyl- methyl-benzene. . .  818 

Ethyl-mothyl  o:;ide 573 

Ethyl- naphthalene 050 

Ethyl-phenol 870 

Kthy  l-p.opyl 499 

Ethyl-propyl-carbinol ..  .589 
Ethyl-thiocarbamide  647,703 
Ethyl-trimethylm  thane  600 

Eucalyn 624 

Euchlorine 1 82 

Enclave 314 

Eudialy  te 313 

Eudiometers l.M> 

E  ngenol 8^5 

Eupione 502 

Eathiochroate  of  potassl- 

nm 874 

Enxanthic  acid 971 

Euxenite 3 16 

Evaporati  m 62 

eold  produced  by 66 

Even  numbers,  law  of. ...334 

Exosmose 144 

Expansion  by  heat 42 

of  gases 48 

of  liquids 46 

of  mercury 46 

of  solids. 45 

of  water 48 

Exsiccator 67 

F. 

Pahlore 390 

Fatty  acids 084 

Feather-ore S90 

Felspar 343 

Fergusonite 345 

Fermentation 4G3 

vinous 563,  565 

Ferrates 423 

Ferrio  and  ferrous  com- 
pounds   422 

reactions  of. 425 

,  Ferrioyauides 535 


1018 


INDEX. 


PAQS 

FexTocjranides 53.S 

Feverfew  camphor..... .966 

Fibrin 901 

Fibrinogen 989 

FibrtnopU8tic  •abstances 

fi9l 

Fibroin 987 

Firo  blue 891 

rea  and  green .332 

Fire-damp 1S5 

Flame,  conditions  of. ....  1 65 

luminosity  of 1 70 

fitrnctnre  of 167 

Flavopurpurin 958 

Fieitmann   and    Henne- 
berg's  phosphates... 200 

FlInt-j?laM 2il 

Floating  battery lU 

Fluid  pressure,  general 

law  of. 32 

Fluids,  ezpansiim  of ....  46 

Fluobonscno 525 

Flnorene 936 

Fluorenyl  alcohol 941 

Fluorescein SSO 

Fluorescence 90 

Fluorides,  metallic 279 

Fluorine 189 

Fluor-spar 332 

Formamido 775 

Formanilido a')9 

Formate^ 692 

Formic  aldehyde 667 

ethers 692 

Form  ulflB 12 

constitutional,  graphic 
and  glvptio 'i3.3,  234 

empirical  and  molecu- 
lar  475 

rational 285 

structural 233 

Fossil  wax 502 

Freezing  machine 66 

Frlgori  nc  mixtures 55 

Fuehsine 848 

Fucu.Hol 773 

Fulminlo  acid 541 

Fnlminnric  acid SiS 

Fuming  liquor  of  Libo- 

vius 38 

Fnrfnnimlde 773 

Furfurine 773 

Furfurol 772 

Furfuryl  alcohol 773 

Fnrnacos  for  metallnr^ic 

operations 169 

Fasibility  of  metals 271 

Fusible  metal 399 

Fusion,  latent  heat  of.. . .  54 


G. 

Oadolinlte 849 

Oahnile 341 

Galactose 623 

Galena 384 

GallelJi 880 

Gallium 377 

GaWanism 112 

GaWaniied  iron 350 

Galvanometer 113 

Garlic  oil 597 

Garnetn 343 

Gas,  coal  and  oil 166 


Gas:  PAOB 

oleflant It3 

Gas-battery 266 

Gas-burners 173 

Gases,  absorption  of. . . .  .145 

capillary  transpiration 
of. 134 

ooUection  and  preser- 
ration  of 121 

collection   of,  hr  dis- 

Stacement.  .131, 162, 176 
usionof 131 

effusion  of. 134 

elasticity  of 36 

eudiometrie  analysis  of  150 

expansion  of 48 

liquefaction  of. 63 

occlusion  of 134 

osmose  of 133 

physical  constitution  of 

36,77 

■peclflc  grarity  of 67 

specific  heat  of... 51 

Gas-holder 122 

Gelatin 9^H 

Geranium  oil 967 

German  silrer 431 

Geyiter  springs  of  Iceland 

147 

GIbbslte 341 

Gilding 328 

Glass 351 

soluble 3.^3 

ton  ghen€d 85't 

Glauber's  salt 311 

G  lobulius 989 

Glow-lamp ir>7 

Glucinum 344 

Glucose,  ordinary 621 

Glucoses 620 

Glnoosides 634,  960 

Glue 9S7 

Glutin 936 

Glyceric  oxide 615 

Glycerin eOD 

alcoholic  e:hers  of..... 61 4 

amylic 615 

nttro- 610 

Glyceryl  ethori* 61 1 

Glycide  compounds 613 

Glycocine 778 

Glyeocollamfdo 977 

Glycocyamidlne 977 

G  lyeocyamlne 977 

Glycogen C31 

Glycollic  anhydride 730 

GlycoUido 730 

Glycolylguanldine 977 

G  lycols 597 

butenic 607 

pentenie  and  hexonle. .60S 

propenic 6  )7 

Glyooluril 803 

(i  lycolyl-urea. 801 

GlycyrrhUin 971 

Glyoxal 674 

Gold  and  its  compounds. 326 

salts,  reactions  of. SIS 

standard  of  Bngland..3-8 

Gold-leaf. 326 

Granite 343 

Grape-sugar 621 

Graphite IGO 

Gravitation 36 

Gravity,  specific 29 

of  gases 67 


Gravity,  specifle:         paob 

of  liquids 9S 

of  metals Jt39 

of  solids 31 

of  vapors. 97 

Green  fire 332 

Greenockite 36) 

Green  salt  of  Magnus. .  .443 
Groups,  isomorphous. . .  .249 

Grove's  battery 2fi5 

gi»s-battex7 2G6 

Guaiacol .872 

Guanidine 649 

Guanldines,  phenylic. .  .841 

Guanine 978 

Gum 633 

Gun-cotton 636 

Gun-metal 364 

Gunpowder 3^ 

Gutta-percha 969 

Gypsum 3H 


H. 

Hftmatlte 4SS 

n«maglobin 992 

Hahnemann's      soluble 

mercury 36^ 

Halogen   derivattvea    of 
the  hydrocarbons . .  .479, 

514 
Haloid  ethers : 

r.H„+iX 514 

ethers,    diatomic, 

CnH^X^ S16 

ethers,    formation     of 
from,  and  conversion 

into,  alohols OSl 

ethers  of  orders  h'gher 

than  three fiSl 

ethers,  trlatomic, 

CnHjn—iXa 520 

■alts 284 

Hardness  of  water SS4 

Harrison's  freetiog  ma- 
chine  66 

Hatchetin  .'i03 

H  ausmanalte 437 

Heat 4t 

action   of,  on  organic 

compounds 96S 

atomic,  of  elemeuts....2S0 

capacity  for 51 

change   of    state   pro- 
duced by 5S 

conduction  of. 50 

developed  by  the  elec- 
tric current 269 

developed  bv  friction. .  74 
dynamical  theory  of. . .  76 
expansion  produced  by  42 

latent,  of  fusion A4 

latent,  of  Yaporization.  A5 
mechanical  equivalent 

of. 75 

of  combustion S55 

xelations  of,  to  chemi- 
cal affinity 254 

relations  of,  to  work  . .  73 

sources  of 73 

specific 50 

specific,  of  elements . .  .1^ 
Heating  rays  of  the  solar 

spectrum 94 

Heavy  spar 530 
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TAum 
Helices,  right-  and  left- 
handed. lU 

Helicin 972 

Helvlte 344 

Hematein 97i) 

Hematln 992 

Hematoxylin 975 

llemihedral  crystals  . . .  .246 

Hemln 992 

Hemmioff's  SAfety-Jet. .  .135, 

17j 

Hep&r  snlphuTls 902 

Ilepteds 241,275,421 

Heptanes fiOO 

Ileptene 008 

Hcptlne 513 

Heptoic  adds 706 

Heptrl  alcohols 500 

carbinol 501 

ketones 682 

Heptylene 508 

Henlandlte 343 

Uexacetoduleite 618 

Hexads 223,275 

Hexanes 409 

Hexatomic  alcohols  and 

ethers 616 

Hexdecyl  alcohol 594 

Hexene  glycols 608 

Ucxenes 509 

Hcxinea 513 

Bexolc  acids 706 

Hexoxydipheny  1 938 

H  exoTlene 513 

Hexyl  alcohols  and  ethers 

6S8 

carbinol 589 

ketones 68i 

Hexylenes 600 

Hofmann's   gas  furnace 
for  organic  analysis. 46^ 

Homologoas  series 477 

snccesHlve  rise  in  the 
boiling  points  of  the 
terms  of,  for  erery 

addition  of  CH, 486 

Homopyrocatechin 877 

Honeystone 927 

Hops,  oil  of. 967 

Hornblende 8.>7 

Horn  silver 323 

Hydantoln 801 

Hydramines 645 

Hydrates 141 

Hydrazin  compoands . . . .  8*>6 

Hydrasobensene &32 

Hydriodlo  acid 186 

Hydrobensoin 940 

Hydrobroinic  acid 1 85 

Hydrocarbons 164 

Hydrocarbons,  CnH,Q.-g, 

andCaH^o-^o 821 

CnHtn-S fiI3.  808 

Cn^ta— 4 *15 

CnHft,-, 509 

C„H»^ 502 

C^ilta+f ^^ 

CisHi.  and  C„Hso 821 

oontalning  even  nnm- 

bers     of     hydrogen 

atoms 478, 479 

halogen  deriyatives  of  514 

homologous  scries  of.  .478 

isologous  series  of 478 

of  the  aromatic  group  .806 


Hydrocarbons :  paob 

uf  the  fatly  group 492 

saturated  and  unsatu- 

rated 4W 

tableof. 478 

Hydrochloric  aold 178 

Uydrocosrulignone 9:^8 

Hydrocyanie  acid. .  .175,  538 
acid,  formation  of,  from 
Acetylene  and  nitro- 

fen 61S 
ers 537 

Hydroferricyanie  acid . .  .5.?6 
Hydroferroeyanlo  acid. .  .535 

Hydrofluoric  acid 190 

Hydrofluosilicic  acid ....  212 

Hydrogen ISO 

action   of  nancent,  on 
organic  compounds.  .464 

antimonlde SSSi 

arsenides 393 

bromide 184 

carbides 164 

chloride 178 

combination    of,    with 

oxygen 1.S5 

cyanide 175 

dioxide 148 

estimation  of,  in  orjf anlo 

bodies 26.5 

fluoride 189 

iodide 1S6 

monoxide 137 

phosphides 21 S 

salts 12.5 

selenide 207 

sulphides 199 

telluHde 210 

Hydrogen  and  oxygen, 
slow  combination  of, 
nnder  the  influence 

of  platinum 135 

Hydrometer S> 

tables 99  > 

HydrophloTone 877 

Hydroquinone 473 

Hydroselenic  acid 207 

Uydrosulphide,  et hylic. .576 

methylie 563 

Hydros ulphurie  acid. . . .199 

Bydrotellurio  acid 210 

Hy  drotoluquinone 878 

Hydroxides 142 

Hydroxyl 23S 

methonyl-diamine 648 

Hydroxy  lamine 150 

Hydroxy  Icarbamide 789 

Hydroxy  lethane 563 

Hygrometer,  dew-point..  62 

Hyoscyamine 981 

Hypocnlorltes 182 

Hyponitrites 155 

Hypophosphltes 216 

Hyposulphates 1 9ft 

Hyposulphites 19S 

Hyposulphophosphites .  .220 
Hypoxanthine 679 


I. 


Ice,  melting  of. 54 

Iceland  mo;is,  starch  from 

631 
Ice-making  machines  ...  66 
Ignitiou 168 


PAQB 

Incandescence 1 38 

InoruKtatlons  in  boilers.  .335 

Index  of  refraction 84 

India  rubber 969 

1  ndian  yellow 974 

Indigo  Dlue 028 

Indigo-sulphonic  ac'.ds..930 

Indigo-whiie 930 

Indin 9.31 

Indium 876 

Indol r.32 

Induction  coil 117 

•leotro-magnetic 116 

magnetic 98 

magneto-electric 116 

Ink,  blue,  sympathetic.  .432 

Inosite 623 

Insulation,  electric 104 

Inulln 631 

Invert  sugar 623 

lodhydrlns 613 

Iodic  acid 187 

Iodide,  ethylic 569 

methvlio 560 

psendopropvlle 5S0 

Iodides,  metallic 279 

Iodine I8S 

aetion  of,  on   organic 

bodif*s 463 

and  nitrogen 188 

and  oxygen 167 

chlorides 183 

obenzenes 825 

lodobenioie  add S98 

Iodoform 580 

lodomethane 560 

lodonaphthalene 915 

lodophenols G85 

lodotoluenes 827 

Iridium 451 

ammoniacal  compounds 

of 454 

salts,  reactions  of. 454 

Iridoline 976 

Iron 421 

carbonate 424 

cast,   heat   developed 

by  friction  of 76 

chlorides 422 

cyanides 281 

Iodides 422 

mannfactui  e 426 

metals 241,275,421 

nitrates 424 

oxldei* 422 

phosphates 424 

salts,  reactions  of 423 

sulphates 423 

sulphides 424 

wrought 427 

Isatin 930 

Isatyde 931 

Isinglass 987 

Isobutane 499 

Isobuteno 507 

glycol 608 

Isobtttrl  alcohol ftSl 

carbinol 584 

Isobutrlamine 643 

Isocholesterin 886 

Isocyanates,  metallic. . .  .540 

phenylic 841 

Isocyanic  ethers 54S 

Isocyanides 638 
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Tsoeyanarie  etheri r>t2 

Isodalcite 619 

Isohydrobenzoln 940 

Isologona  serioH 478 

Isomerism 483 

iBomorphiiim 327,  247 

Isoparaffins 495 

luopentaae 499 

Isopentene fi08 

laopentoae-glTCol 808 

Isopontenyl  alcohol 615 

Isopentyl  alcohol A81 

cyanide 61.1 

Isopentylamine 644 

Isopeutyl-di- 501 

Isopropylamiae 613 

Isopropyl-dlmethyl-carb- 

inol 500 

mothy  1-carbinoi 586 

carbinol 581 

di- 501 

Isoreln 677 

IsostUbeae P37 

Isothlocyanates 566 

Isovaleramide 776 

Iturot 648 

Isuretino 7S8 


J. 

Jade 357 

Jalappin 971 

Japaa  camphor 965 

Jerylne 983 


K. 

Kallam 293 

Kaolin 343,  S54 

Kata  deriTatirefl  of  the 

paraffins 4f>8 

Katabutylamlne 644 

Kelp 186 

Kermos  mineral 390 

Ketones 675,  892 

diphenyllc 941 

Kupfernickel 429 

Kyan's  method  of  preser- 
ving timber 966 


L. 

Labarraqne'ti  disinfecting 

llald 336 

Lac 968 

Lactamido 777 

Lactates 731 

Lactic  acid 73<^ 

auhydridos 732 

ethers 732 

Lactide 733 

Lactlmide 777 

Lactin 620 

Lactose 629 

LactyL  chloride 732 

Lakes 341 

Lamp,  argand 172 

gas 173 

safety 174 

spirit 172 

Without  flame 137 


PAOB 

Lampblack 161 

Lauthannm 347,  349 

Lanthopine 981 

Lapii  lainli 313 

Latent  heat  of  fusion. ...  54 

yaporisation 56 

Landanine 9S1 

Laughing  gas 151 

Laumontite 34 ) 

Laurel  camphor 065 

Law  of  Avogadro 229 

of  Boyle  and  Mariotte.  40 
of  Dalong  and  Petit  ..225 

of  equivalents 221 

of  even  numbers 234 

of     Gay-Lnssac    and 

Humboldt 228 

of  multiples 127.  221 

periodic,  of  the  atomic 
weights  of  iho  ele- 
ments  .239 

Laws  of  combination  by 

volume 228 

Laws  of  combination  by 

weight 127,221 

Lead 384 

alloys 387 

carbonate 385 

chloride 3M 

oxides 385 

red 385 

salts,  reactions  of. 357 

enlphldo 384 

tree 267 

vanadate 401 

white 385 

Leaf-Kreen 974 

Lecithin 645 

Legumin.. 990 

Lemon  oil 964 

Lenses 85 

Lepldine 976 

Lepidolite 319 

Leucaniline 848 

Leucine 781 

LeucoUne 976 

Leucophane 343 

Levulose 622 

Leydon  Jar 107 

Lichens,  acids  from 918 

Llebig's  condenser 69 

Light 82 

blue  or  Ben^'al 391 

chemical  rays  of 95 

dispersion  of 85 

poUrized 91 

reflection  and  refraction 

of. 82,  S3 

velocity  of 8i 

Lightning  rods 100 

Lime 333 

chloride  of 336 

Limestone 334 

Lines,  bright,  in  spectra 
of  incandescent  va- 
pors  87 

dark,   in    solar    speo- 

tmm 86 

Linseed  oil 720 

Liquefaction  of  gases  ...  .63 
of  carbonic  acid. . .  .64, 163 
Liqnid  elements  and  com- 
pounds, specific  yol- 

nmes  of 231 ,  232 

Liquids,  boiling  points  of  66 


Llqnids:                         paob 
complete   raporizaiioD 
of,  under  great  pres- 
sure  61 

diffusion  of 143 

expansion  of 44 

latent  heat  of. .'i4 

osmose  of. 144 

specific  gravity  of » 

•pacific  volume  of 230 

vaporisation  of &3 

Liquorice  sugar 971 

Litharge 3Sa 

Lithium 319 

Liver  of  sulphur 302 

Loadstone 08,  423 

Luminosity,  condittonsof 

170 
Lutidine 97A 


Maclurin I>21 

Magdalared 947 

Magenta 518 

Magnesia Vi6 

alba 356 

Magnesium ^ .v»S 

carbonate 3~*6 

chloride 336 

ethide cao 

phosphatex 357 

salts,  reactions  of. 337 

•ilicatcs 357 

sulphate 356 

Magnet,  action  ot  the,  on 

the  electric  current.. 112 
Magnetism..............  08 

Ampere's  theory  of 115 

induction  of,  by  the  elec- 
tric current. 115 

Magneto-electricity 11« 

Magnets,    induction     of 
electric  currents  by 

the  action  of 116 

Magnus,  green  salt  of....44S 

Malachite 3«S 

Malamethane 806 

Malamide 807 

Malleability  of  metals  .  .270 

Malleable  iron 49S 

Maltose 629 

Manganates 437 

Manranese 4.14 

chlorides .43) 

fluorides 435 

oxides 435 

peroxide,  recovery  from 
the  waste  liquors  of 
the  chlorine  manufac- 
ture  176 

•alts,  reaction  of 436 

Manganite 437 

Mannide 616 

MannlUn 618 

Mannite 617 

Mannltose 6B 

Marble 334 

Mariotte*s  law 40 

Marl 343 

Marsh  gas 164 

Marshes  test  for  arsenic  907 

Maasioot SS-l 

Mastic 968 

Mauve 918 


INDEX. 


1021 
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Meohanleal  eqalTalent  of 

heat 74 

Mooonldlne 981 

Ueeonln 9^ 

Meersehaam 337 

Melam dl9 

Melamine 549 

MelampTrito 618 

MeUuillne 843 

Helena  or  Melissene A08 

Melcsitose 628 

Melitose 627 

Mellite 927 

Mellonoand  Mellonidos.fi50 
Melting  pointe  of  organic 

compound! 4S6 

HenthoL 907 

Mercaptan 076 

allyllc 597 

ethenlc 60 1 

methjlio 662 

Herearamraoninm  aalta  .360 

Meroario  cjanide 631 

ethide,  methlde,  amyl- 

ide,  and  all7liodldo..662 
oxide,  docompositton  of, 

by  heat 120 

Mercury 364 

alloya 371 

chlorides 365 

eompoauds,    ammonia- 

cul 360 

cyanide 1 7  j 

diphenyl 645 

expanaiott  of,  by  heat. .  45 
boat  developed  by  frio- 

tiOQof 75 

iodides 366 

nitrates 368 

oxides 367 

salto,  reactions  of 37 1 

sulphates 363 

sulphides 360 

Meridian,  magneile 98 

Mesityl  oxide   670 

Mesoparalllns 405 

Mesotype 313 

Metacotone 679 

Metaldehydo 669 

Metallanunoninins 319 

Metals 319 

chemical  propertiea  of.  272 

clas.iifleation  of. 273 

electric  precipitation  of 

287; 
physical  properties  of .  269 
table  of  speciilo  grarl- 

ticsof S60 

Metamerio      oompounda, 
boiling  points  of. . . .  .488 

Metameri:im 483 

M  etapectin 985 

Metaphosphates 288 

Metastannate« 381 

Metatungstates 416 

Meta  vanadates 401 

Meteorites 4*21 

Methane 164,  498 

derlTatives,    or    fatty- 
group     of     orKanie 

eompuands 49S 

diatomic  haloid  ethers       i 

derived  from 516  I 

dichloro-  and  di-lodo-'  .516  ' 
nitro- 524  , 

86 


Methane:  pagb 

nitrotrichloro. 526 

tetrabromo- 621 

tetrachloro-,   bromo-, 

and  iodo- 521 

tetranitro- 526 

trinitro- 520 

Mothene  ethers 600 

glycol 600 

Mothone-protocatechnic 

alcohol 88j 

Methenyl  bromide  and 

iodide 020 

ehlorido 52J 

diamines 647 

Methlde,  alnmlnnm 240 

alumiuio 662 

Methola &i8 

Methoxyl-methane 5  JO 

Methyl  aeoto-acetate 72.1 

alcohols  and  otbers... .608 

cyanide 537 

hydride 498 

hydrosulphlde 562 

ketones 677,  680 

phenate 8.>3 

silicates 532 

snlphiJes 662 

toUnride 563 

Mothylal 600 

Methyl-ali  sarin 959 

Me  thyl-allyl- phenol 88  > 

Methylamine 610 

Methyl-anilines 833 

Meihyl-anthracene 959 

Methjl-anthraquinone  .  .959 

Methylate,  ethy lie 673 

Methylated  spirit 665 

Methyl-beascne 815 

Methy Ubu^l  earbinol. .  .689 

Methyl-carbamides 791 

Meihy  1-carbinol 66:) 

Methyl'Chlontcetol 519 

Methyl-cyanamide 548 

Methyl,  iU 498 

Methyl-dlethyl  earbinol. iJ90 
Methyl-ethyl-aeetoae^ 

tale,  ethyllc 723 

Methyl-ethyl  earbinol. .  .582 

Mothyl-ethyl  ketone 680 

Melhyl-ethyl-oxide 573 

Methyl-glycoelnes 779 

Methyl-guanidine 649 

Methyl-hexyl  earbinol..  .592 

Methyl-hydantoln 801 

Methyllsopropyl 499 

Methyl-katabatyl  earbi- 
nol  586 

Methyl-methenyl  diamine 

648 

Mcthyl'morphlne 980 

Methyl-naphthale  le  . . .  .950 
Methyl-paraoxybenzyl  al- 
cohol  884 

Methyl-phosphoDic  acid. 562 
Methyl-pro  pyl-benzene.  .819 
Metnyl-protocateohoic  al- 
cohol  885 

Metbyl-ranillin Sn 

Mica 343 

Microcosmio  salt 313 

Mlik-sngor 929 

Mineral  chameleon .437 

waters 140 

Miners'  safety-lamp 174 

Mint  camphor .....967 


PAOI 

Mlxtnre  and  combination, 

distinction  between. .  27 
Mixtures,  determination 
of  the  proportion  of 
the   eonstitaents  of, 
by  optical  aualysis.  .489 

Mohr^s  burette 309 

Molecular  actions 2^11 

Molecules 128,  221 

•aturated  and  unsatu- 
rated  477 

Molybdenite 417 

Molybdenum 417 

Monads 233,  273 

Monamines 6.S6 

Monobasic  acids 2h7 

Monochlorhydrln 611 

Monureides 796 

Mordants 341 

Morphia  or  Morphine. . .  .9L0 

Mortar 333 

Moaaio  gold 381 

Mucilage 635 

Mucin 903 

Multiples,  law  of.. ..127,  221 

Mnitlpller 113 

Mures  an 799 

Murexld 8a5 

MurlAUcacld 178 

Muscovado  sugar 625 

Mustard  oil,  volatile 547 

Mycose 628 

Myosin 989 

Myrlcyl  alcohol 596 

Myroala 647,998 


Naphthalene 943 

homologues  of 960 

Naphlhalcne-dicarbonio 

adds 949 

Naphthalene-red 947 

Naphthalene  -  sulphonlc 

acids 947 

Naphthasarin 949 

Naphthide,  merenrio. . .  .947 
Naphthohydroquinone .  .948 

Naphthoic  acids 949 

Naphthols 947 

Naphthoquinone 9-18 

Naphtbylamlnes 916 

Naphthyl,  di- 9 JO 

Narceiue 981 

Narcotine 981 

Nataloin 973 

Neoparafflns 495 

Nephelin 31S 

Neurlne  640 

Neutrality  of  salts 283 

Nickel 429 

Nicotine 976 

Niobium 405 

Nitranilln'^s 837 

Nitrate,  ethenlc 602 

ethyllc 673 

methylic 660 

Nitrates 152 

Nitre 297 

enblc 305 

Nitric  acid 162 

add,  action  of,  on  or- 

Shnic  compounds  ....463 
ydride. 162 
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oxide 1*)2,  Iftj 

Nitride  of  boron 211 

Nitrides,  metallic 157 

Kltrils 5587,637 

Nitrite,  othylic 573 

niethjlio 560 

Nitro-amidobensoic  adds 

Nltrobenienes S31 

Nitrobonioic  acids SOS 

Kitroohloroform 526 

NitrocresolB 870 

Nltro-ethylbeniene 831 

Nltroform 5*16 

Nitrogen 148 

chloride  184 

oompoundtt  with  l>oron 

211 

with  h7dro5;eii 1 J7 

with  oxygon 151 

dlo:ado 155 

estimation   in  organic 

bodies 471 

Iodide 188 

monoxide 154 

pentoxide 152 

Bpocific  volumes  of . . .  .485 

tetroxlde 156 

trioxide 156 

Nitroglycerin 610 

Nitro-halold  dorivatircs 

of  bensono 830 

Nitromesitylone 832 

Nitronaphthaienes 046 

Nitroparafflns 523 

Nitrophenols 8'J6 

Nitroprussldea 536 

Nitropseudocnmone 832 

Nitroresorcins 473 

Nitrosonaphthalene 946 

NUrosophenol 865 

Nitrosoterpene 062 

Nitrotoluenes 831 

Nitrotrichloromethane  ..526 

Nitrous  acid 156 

oxide 151,  150 

Nttro- xylenes 832 

Nomenclature 123 

of  salU 126 

Nonane 501 

Non-conductors  of  electri- 
city  IM 

Nony  1  alcohol 593 

kot6nes 682 

Nordhausen      sulphu'ic 

acid 197 

Normal  pentane  or  ethyl 

propyl 499 

pentene 507 

Notation 125 


0. 

Occlusion  of  gases 133 

Octeue  or  octylene 508 

Octy  1  alcohols 591 

OSnanthol  or  ODnanthylio 

aldehyde 672 

(Enanthylidine 513 

Oil  gas 166 

of  garl  le 697 

of  mustard,  Tolatile. .  .547 

of  turpentiue 900 

of  vitriol 196 


PAOB 
Oils,  drying  and  non-dry- 

{ng....: 720 

Tolfttile  or  essential. .  .904 

Olellant  gas 165,  508 

Olefines ^02 

Oleins 7'^ 

Oleum  animale  Dlppelii.975 

Opianine 981 

Opium  bases 980 

Optical  properties  of  or- 
ganic oompounds. . .  .488 
Optically  actlre  sub- 
stances, definition 

of 490 

Orange  oil 964 

Orcein 877 

Orcin 876 

Orcin-phthaleln 880 

Organic  acids 683 

chemistry,  the  chemis- 
try of  oarb«n  com- 
pounds  460 

compounds,  classifica- 
tion of 477 

decompositions     and 

transformations  of..  .461 
determination    of    the 
composition   of    cer- 
tain, by  optical  ana- 

lysii 491 

division  of,  into  the 
fatty    and    aromatic 

groups 481 

elementary  or  ultimate 

analysis 465 

melting    and     boiling 

poinU  of. 486 

normal,  definition  of...4S7 
optical  properties  of. .  .489 
rational  formula  of. . .  .482 
synthesis  of,  from  inor- 
ganic materials 460 

Organic  and  organized 
bodies,  distinction  be- 
tween  461 

Organo-boron  compounds 

Organo-metalUo     com- 
pounds  660 

Organo-sUicon  compounds 

659 
Orientation   in    benieno 

derivatives 810 

Orpiment 394 

Ortho-,  meta-,  and  para- 
derivatlves   of    ben- 

■ene 812 

Orthocarbonate,  othylic. 616 

Orthophosphates 200 

Osmiamio  acid 459 

Osmitopsls  oil 067 

Osmium 457 

Osmose  of  gases 133 

ofliqulds 145 

Oxalan 800 

Oxalantin 80S 

Oxalate,  perchlorcthylic 

746 

Oxalates,  metallic 743 

Oxalic  series  of  adds. . .739 

ethers 744 

Oxaluramide 797 

Oxalyl-urea. 709 

Oxamothano 744 

Oxamethy  lane 746 


I  PAOK 

Oxamide 744,  ;SS 

I  Oxanilamide 840 

Oxanillde 840 

Oxethene  bases C45 

Oxide,  ethenic 603 

ethylic 570 

Oxides 135 

metallic 281 

Oxindol «M 

Ozyanthraqninone 054 

Oxybenioic  acids 909 

Oxycholine 046 

Oxychrysazin 958 

Oxycymeno 871 

Oxydlphenyl 908 

Oxy-fatty  acids 725 

Oxygen 120 

action    of,  on   organic 

compounds 462 

combination    of,    with 

hydrogen 135 

intra-  and  extra-radi- 
cal, specific  volumes 

of.. 485 

preparation  of,  from  at- 
mospheric air  for  in- 
dustrial use 146 

Oxygen-ethers,  formation 
of,  from  alcohols  . . .  .553 

Oxygen-salts 126,  2b3 

Oxyglycolylurea 800 

Oxy-hydrogen  fiame  and 

blowpipe 135 

•afety-1  et 136, 175 

Oxynaphthoic  acids 949 

Oxynaphthoquinone. . . .  949 

Oxyneurine 646 

Ozocerite 502 

Oione 124,235 


P. 

Palladium 447 

ammoniacal  compounds 

of 448 

Palmitato  cetylic 694 

Palmitic  aldehyde 678 

Palmitins 709 

Papaverine 981 

Paraconine 976 

Paracyanogen 628 

Paraffin  oil 602 

Paraflin,  solid 603 

Paraffins 492 

amido- 627 

azo- 527 

haloid  derivatives  of 

the 614 

Iso-,  neo-,  and  meso.  .  .495 
Isomerism  in  the  sub- 
stitution- derivatives 

of 496 

nitro- 523 

normal 494 

occurrence  and  forma* 

tionof 492 

properties  and  reactions 

of 493 

Paraglobulin 9S9 

Paraldehyde 9(9 

Paramagnetic  bodies. .  ..100 

Paranthracene 952 

Paraoxybenzaldehydo  ..890 
Parapectin 985 
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Paraphosphates 2S9 

Para^accharoae 627 

Parvoliae 975 

Patchouli-camphor 967 

Pavlin 970 

Pearl-ash 2^0 

Penlcilliam  glaacum  and 
Torvula  cerevtsia, 
different  klndis  of  fer- 
meatatioa      induced 

by 568 

Pcntadccane />>! 

Pentads 233,274 

Pontanos 499 

Pontathionic  acid 199 

Poutenoa 507 

Pentlne 512 

Pontoic  acid 70( 

Pontone 513 

Pentjl   alcohols   and 

ethers 083 

ketones 682 

Fentjrlamincs 641 

Pepsin 992 

Peptones 991 

Perchlorates 163 

Porchlorethylic  oxalate.  745 

Pcriodates 187 

Periodic  law  of  the  atom- 
ic weights  of  the  ole* 

mcnts 239 

PerissadM 2.i3 

Permanganates 433 

Persnlphide  of  hydrogen 

201 

Porsnlphoeyanogen 545 

Peru  balsam 9G9 

Potalite 319,313 

Petroleum 50L 

Petuntse 354 

Poucodanin 973 

Pewter 301 

Phaseomannite 623 

Phenacite 344 

rhonamylol 8G3 

Phenanthrene 951 

Phenanthrone-qulnone.  .951 

Phenetol 833 

Phenol 8G2 

Phenolic  ether 80:1 

Phonol-phthalein 8  0 

Phenols,  diatomic 872 

diphenylic 938 

monatomic 861 

triatomlc 878 

Phenolsulphonic  acids  ..8C9 

Phenoquinone. 875 

Phenose 815 

Pheny  1-acetylene 82  J 

Pheny  Lallyl 821 

Phenyl -arsenic     oom- 

ponnds 8G5 

Phenyl-benaamide S96 

Phonyl-benzvl  ketone. . .912 
Fhenyl-caoodyl  chloride  845 

Phenyl-carbamides 842 

Phony  1-carbamino 828 

Phonyl-carbimide 841 

Phenyl-cyanamida  ......SI3 

Phenyl-cyanide 537, 629 

Phenyl  (di-) 903 

Phenyl^iamines 837 

Phcnyl-dlsuIphoxiJe. .  ..8.^9 

Phenyl-ethene 821 

Pheuyl-ethyl  alcohols... 882 


PAGK 

Phenyl-glycerin SS5 

Phenyl-guanidines 843 

Phenyl  nydrosulphide  ..864  | 
Phenyl  isothiocyanate...546 
Pheny  1-katabuty  1  alcohol 

883 

Phenyl-ketones 592 

Phenyl  oxide 86.} 

Pheny  1-phosphine 844 

Phenyl  phosphorus-eom- 

pouuds. 844 

sulphides 864 

Bulphoxlde 8JS 

Phonyl-propyl  alcohol  ..833 
Phony  l-thiocarbamide. .  .842 
Pheny  I-thiocarbimido. .  .546, 

842 

Phenyl-thioeyanate 842 

Pheny  1-tolyl 935 

Pheny  1-tolyl-c  thane 936 

Pheny  1-tolyl-keiono  ....941 
Philosophy,  chemical. ..  .221 

Phluramine 879 

Phlorlxin 971 

Phloroglucln 878 

Phlorol. 871 

Phorone 67S 

Phosgene  gas 164 

Phosphammonlum    com- 
pounds  657 

Phospharsonium   .  com- 
pounds   657 

Phosphates 288 

ethy  lie 575 

methylic 562 

Phosphenyl  chloride.... 844 
Phosphide  of  calcium. .  .338 

Phosphlno 218 

Phosphines. 650 

Phosphites,  ethylio 575 

Phosphonio  and  phosphl- 

nlo  acids 555 

Phosphoretted  hydrogen 

21 S 

Phosphoric  aold 217,  288 

oxide,  action  of,  on  or- 
ganlo  compounds. .  ..465 

Phosphorous  acid 216 

Phosphorus 214 

amorphous 215 

bromides 219 

chlorides 218 

hydride 218 

Iodides 219 

■elcnldes 220 

specific  Tolume  of. 228, 2:U 

sulphides 219 

Phosphorus-bases,  diato- 
mic  656 

monatomic 650 

Phosphorus-compounds, 

phenylio 844 

Photogeno 602 

Photogruphy 95 

Photolithography 96 

Phthaleins 879 

Phthalie  aldehyde 802 

chloride 924 

Physical  properties  of  or- 
ganic compounds. . .  .484 

Plcoline 975 

Picrates  of  hydrocarbons 

8tf7 

Plrroerythrin 917 

Ficro  toxin 973 
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PInaeone 008 

Finite G19 

Pipcridlne r83 

Plperine 083 

Plperonal 891 

Plperonyllc  alcohol 885 

Pitchblende 412 

Plant  albumin 989 

Plaster  of  Paris 3^)4 

Plate  glass 351 

Flatinous  chloride,  com- 
pounds of   with  CO 

andPClft 440 

Platinum 439 

ammoniaeal  compounds 

of 442 

ehlorldes  : 410 

metals .241, 276,  430 

oxides 441 

salts,  reactions  of 447 

sponge 440 

sulphides 442 

surface  action  of. 1 36 

Platlnum-black 4 10 

Plumbago 100 

Plumbic  compounds 384 

ethide 644 

Pnonmatle  trough 121 

Polarity,  chemical 264 

diamagnetie 101 

electric 104 

magnetic 93 

Polarization  of  light 91 

circular,   in  organic 

liquids 92,490 

Poles,  electric loi 

Polybasic  acids   288 

Polyethenlo  alcohols ...  .603 

Polyglucoslo  alcohols ..  .624 

aJoohoIs,  oxvgen-eihers 

or  anhydrides  of 629 

Polygly  cerins 615 

Polymeric     oompounds, 
boiling  polnU  of. ...  .487 

Polymerism. 484 

Polythionic  acids 193 

Populin 672 

Porcelain 353 

Porphyroxino 981 

Porphyry 343 

Potash 336 

crude 299 

Potassium 293 

alum 841 

bromide 295 

oarbonate 299 

chlorate 298 

chloride 204 

ehromate 410 

cyanide 281,  530 

ethide 660 

ferrieyanlde 281,  535 

ferrocyanlde 281, 5S3 

hydroxide 296 

iodide 294 

manganato 437 

nltrato 397 

oxides 295 

porchlorato 299 

permanrranate 437 

salts,  reaction  of 302 

sulphates ."DO 

sulphides COl 

tetroxlde 296 

Potassoxyl 238 
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Preclpitote,  reJ 3o7  ' 

whito 309 

Prehnito 344 

Pr6««ar«  of   the   atnuM- 

phere 38 

Inflaenee  of,  on  cheml- 

csl  action 251 

Prism,  Kichor« 91 

Prisms,  refrnetion  through 

Proof  spirit 505 

PropaUnina 7S0 

Propane 499 

.    diatomic  halogen  derir- 
atlTes  of 518 

trichloro- 521 

Propanes.  nitro- 521 

l*TOpargyl  aloohol,  dl>  .  .613 
Propene 50G 

fflycol 607 

haloid  deriratlTes  of.  .516 

or    propylene     haloid 

ethers 519 

Propenyl  alcohol GOJ 

Propidlne.  or  prop  jUdene 

haloid  ethers 519 

Propiae 512 

I'roplonamide 77G 

Propionates 7(  1 

Propionic  aldehjdo 671 

Propionltril 537 

Proportions,  mnltlple. . .  127, 

221 
Propyl  alcohols   and 

ethers 578 

dl- SOO 

Propylamine 643 

Propy  l-heozene SIS 

Pro  pyl-carhinol 681 

PropyI*diothyl  earblnol..603 
Propy  1-dimethyl  carbinol 

690 

methane 503 

Propy  l-kotone!f G$2 

Propy l-melhyl  carbinol.  .5S6 

Protagoa 993 

Protelds 987 

Proiocatechuic  aldehyde 

891 

Pmssian  bine 534 

Prussiate  of  potash,  red  535 

yellow 5.12 

PmHsic  acid 175,  528 

Pseudobntene 507 

Pseudocamene 819 

Psendo-derlTatlves  of  the 

paraffins 497 

Pseudols  (note) 557 

PseadoDltropropane 521 

Pseudopropyl  alcohol. .  ..579 

iodide 580 

Pseadopnrparin 958 

Paddling  of  iron 426 

Purple  of  Cassiaa 328 

Purparin 957 

Purpurinamide 957 

Purpuroxanthln. 053 

Parree 974 

Putrefaction 403 

Pyrene 95J 

Pyrothrum  camphor 906 

Pyridine 975 

Pyrites 425 

I^rocateehln 672 

Py  rocateohln-ph  thalel  n. .  8S0 


PAOB  > 

Pyrochlore 316  , 

I^rogallol     S76 

PyrogalloUphthaleia 880 

^rrolnslte 437  ■ 

Pyrometer 4* 

Pyrophoms  of  Homberg.312 
Pyrophosphate,  tetrethy- 

Ue 575 

Pyrophosphates 289 

Pyrocolphnric  acid 197 

chloride 805 

Pyrotartaric  acids 750 

T^TOxylin. 631  I 

Pyrrol 772 


Q. 

QnadriTalent  elements.  .fTS 
QnantiTalence SJ3 

rolation  of,  to   atomic 
weight 239 

▼ariatlonof. 236 

QoarU 212 

Qnerclte 619 

Qaerolirin 971 

QnieksilTer 364 

Qninhydrone 875 

Qninldine 982 

Qnlnlne 982 

Quittisarin 956 

Qainoidine 982 

Qninone 874 

QninqolTalent  elements. 233 


R. 

Sacemate  of  sodiom  and 

ammonium 767 

Radicals,  compound 238 

Rational  formula  of  or- 

{ panic  oomponnds. . .  .482 
gar 394 

Red  ire 332 

lead 885 

oxide  of  manganese. .  .436 
Reducing  agents,  action 
of,  on  organic   oom- 
ponnds   464 

Refining  of  pig-iron. . .  .>.426 
Reflection  and  refraction 

of  light 82,83 

Refraction,  double,  of 

light 91 

Refraction  -  equlTalent, 
and  speciuc  rofrao- 
tire  energy  of  or- 
ganic compounds 488 

Reinsch's  test  for  arsenic 

397 

Repulsion,  electric 1 04 

magnetic 98 

Residues 237 

Resins 968 

Resorcin 873 

Resorcin-phthalein 880 

Reteue 069 

Retlstene 960 

Kererberatory  furnace  .  109 

Rhodium 449 

Rocoella  tlnctoria,  adds 

in 7.53 

Roccellinin 918 

Roman  alnm .212 
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RoBaniline SiS 

Roeolieactd S79 

Rotatoiy  power,  optical, 
of  organic  Uqoids  . .  .499 

Rnbidiao 975 

Rubidium S3) 

alum 342 

Rttby 310 

Rufiopln 958 

Rust 42J 

Ruthenium 455 

salU,  reaetien  of. 456 

Rutile 3SS 

Rntylene 513 


B. 


Sabadllla  seeds,  Teratrie 

acids  in 916 

Saccharimeter 98 

Saccharose 624 

Saccharoses 630,  624 

Safety  Jet,  Hemmiag's. .  135 

174 

lamp 174 

tube 179 

Sal-alembroth 305 

Sal-ammoniac 315 

Salidn 972 

Salicylal 883 

Sallcylamide 911 

SalicyUtes 910 

Salicylic  aldehyde SS8 

chloride 910 

ethers 911 

Salioylide 910 

Sallgenln 884 

Balsola  soda. 905 

Salt,  common 304 

definition  of. 125,  833 

Salt-cake  process 306 

Saltpetre S8T 

SalU,  acid 286 

basic 280 

binary  theory  of. 284 

constitution  of. . .  .125,  288 
deliquescence  and  eflo- 

resconco  of 141 

double 28S 

normal  or  neutral 885 

primary,  secondar/,  and 

tertiary 286 

BolubUltyof. 142 

Samarsklte. 405 

Santonin 873 

Saponification 554,  608 

Sapphire 310 

Sarcine 979 

Sarcostne 799 

Scagliola 334 

Scheele's  green 905 

8e»- water,  composition  of 

140 
Seoondanr  or  pseudo-de- 
rirati  Tes  or  the  paraf- 
fins  408 

Secondary     electrolytic 

decomposition 260 

Beggars .154 

Selonlc  acid 237 

ethide,  or  Selenethyl  ..578 

Selenides,  metallic Tit 

Solenletted  hydrogen  ..  .207 
Seleniocyanates 547 
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Seleniophosphates 220 

Solonioiialphurlc  acid.. .  .108 

Solcnlona  acid 207 

Solenlte 334 

Selenium 206 

Selenonium  iodide,  trimc* 

thyllc 578 

Benannontlte 389 

Sericin 087 

Serpentine 357 

Semm  albnmin 988 

Sexvalent  elements 233 

Shale 343 

Silica 212 

Silicate,  methjlle 662 

Silleated  hydrogen 213 

Silicates,  ethyllo 676 

of  aluminium 343 

of  magnesium 367 

flillcicacid 212 

ethers,  ethrlated 659 

tetramothide G.j9 

tetrethide 6.>3 

Sllicinm  or  Silicon 211 

bromide 214 

chloride 214 

flaorlde 212 

hydride 213 

oxide 212 

specific  heat  of 227 

Bilicononane 659 

Silioononylic  ethers 659 

Silieo-phenTl  compounds  845 

BUicotungstates 416 

Bilk 987 

BlWer 321 

ammonia  compound  of  325 

earbonate 325 

chloride 32) 

fluoride 323 

hyposulphate 32A 

iodide 323 

nitrate 324 

oxides 324 

salts,  reactions  of 325 

standard,  of  England.. 326 

sulphate 325 

sulphide 3J^ 

thiosulphate 32.) 

Bllrer-alum 34J 

Binamine 547 

thio- 547 

Binapine PS4 

Sinapoline 547 

Size 087 

Slate 343 

Smalt 434 

Smee's  battery 266 

Soapstoue 3j7 

Soda 304 

Soda-ash  process 306 

testiu'^  its  value 307 

Soda-soiution,  table    of 

anhydrous  soda  In. .  .305 
Sodio-methy  1  acetuacetate 

ethylic 723 

Sodium 303 

alum 342 

bicarbonate .307 

bisulphate 311 

borates. Si  4 

bromide 804 

carbonates .*{05 

chloride 304 

cyanide 5:U 


!  Sodium  :  paob 

ethide 661 

bydroxido 304 

hypusulphite 312 

iodide ."^4 

nitrate 305 

oxides 304 

phosphates 312 

spectrum  of. 89 

sulphates 311 

sulphides 313 

thiosalphute 312 

triscetyl 722 

Solanine 984 

Solar  oil 502 

spectrum 8.1 

Solder 387 

Soleirs  saccharimeter. . .  93 
Solids,  expansion  of. . . .  45 

specific  grarity  of 31 

Bpeclflo  volume  of 231 

Solubility  of  salts 142 

Sorbin 623 

Sorbite 619 

Spar,  ealcareons 331 

Sparteine 977 

Spathose  iron  ore 424 

Specific  gravities  of  gases 

67 

graTlties  of  metals 269 

grarity  of  solids   and 

liquids 29 

gravity  of  vapors G7 

heat 50 

heat  and  atomic  weight 
of  elements,  relations 

between 226 

refractWe  energy  of  or- 
ganic compounds . . .  .489 
rotatory  power,  defini- 
tion of 491 

-volume  and  density  of 

organic  compounds.  .484 
Tolumcs  of  compounds, 

liquid  and  sol  id 232 

Tolumes   of  elements, 

liquid  and  solid 2.S1 

Tolumes  of  gases 230 

Spectra  of  incandescent 

Tapors 87 

Spectra  produced  by  ab- 

sorptloa 89 

Spectroscope 67 

Spectrum S^ 

analysis 87 

heating  and    chemical 

rays  of 94 

solar,  fixed  linos  in....  8<> 

Speculum  metal 364 

Spelss 429 

Spermaceti 594 

Spinell 341 

Spirit  of  wine,  prepara- 
tion and  distillation 

of 567 

lamp 172 

Bpodumone 319, 343 

Bprongers  air-pump 39 

Springs 141 

Stannates,  metallic 381 

Stannic  and  stannous  com« 

pounds 379 

and  staunons  ethide... 663 
and  stannous  methides  664 

Starch 630 

from  Icelan  d  moss 631 

8(>* 
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State,  change  of,  by  heat  53, 

76 
Steam,  electricity  of 109 

latent  heat  of. 68 

pressure  of,  at  different 
temperatures 57 

specific  gravity  of 140 

Stearates,  alkaline 711 

Stearins 712 

Stearoptene 905 

;  Steatite 357 

Steel 4L7 

Stereoehromy 333 

Stibethyl 653 

Stibines 655 

Stilbene 037 

hydrate 040 

Btilbite 343 

Stoneware 354 

Strontium  and  its    com- 

Kunds 331 
I,  reactions  of 338 

Strychnine 983 

Strychnos  bases 983 

Styeerin S85 

Styracin 907 

Styrol  or  styroleae 821 

Styrone 885 

Styryl  alcohol 886 

Sublimate,  oorrosi  ve  . . .  .365 

Sublimation 50 

Substitution. . .  .129,  221,  232 

Succinamide 784 

Sneeinic  acids 747 

aldehyde 675 

series  of  acids 739 

Suceinimlde .781 

Sugar  of  the  cane 625 

of  grapes 621 

Sulphamloaeid 318 

Sulphantimonates 390 

Sulphantlmonitea 390 

Sulpharsenates 394 

Sulpharsenites 394 

Sulphates 106 

ethylic 573 

methyllc 560 

Sulphide,  allylic 596 

ethenie 604 

Sulphides,  ethylic 577 

mothylie 562. 

Sulphiuie  acids 555 

Sulphites 190 

ethylic 574 

methvlio 661 

Sulphobenzlde 858 

Sulphobenzoic  acidn 903 

Sulphocarbonio  ethers. .  .738 

Sulphocyanie  acid 544 

Sulphocyanogen .645 

Bulpho-dcrivatiTes,   aro- 
matic  857 

Bnlphomolybdates 419 

Bnlphonie  acids 554 

Bulphonium  compounds  .578 

Sulphophosphates 220 

Sulphophosphites 220 
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oXTcblorides 204 

■alts 292 
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Sulphuretted  hydrogen.. 199 

Sulphuric  acid 195 

chlorhydrate 20j 

chloride 204 
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Sulphurous  acid 193 

chloride 234 

Sulphydrio  acid 199 

Superfnsion  or  surfusion  64 
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Syanthrose 629 
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Synthetical    method   of 
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Talbotype  process 93 

Talc 358 
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Tantalite 404 

Tantalum 404 
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Tartramides 808 

Taurine 605, 986 
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Telluric  acid 209 

Tolluridcs 292 
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chlorides 210 
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Terpln 962 

Torpinol 963 
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compounds .641 
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pounds. .  i 656 

Tetryl    alcohols    and 
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pounds   372 
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mena  118 

Thermometer 43 

differential 45 

Thermomultlplier 119 
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Thiocyanic  acid 544 

ethers 546 
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Trioxiadol 03 1 

TrioxyanlhraqainoneH  ..968 
Trlozymethylanthraqui- 

noae 9A9 

Trlphenylamine 839 

Triphenyl-benzcne 937 

Triphenyl-guanldiao. . .  .843 

Tripheujl.methane 937 

Triphenyl-rosanlline . . .  .849 

Trichioaic  acid 199 

Triraleat  elements.. 233,  274 

Trona 307 

Tropine 984 

Tube-atmolyier 132 

Tnnirateu 414 

Tanicln 635 

Tumball's  blue 636 

Tnrpontine,  oil  of. 960 

Torplth  or  Turbeth  min- 

eral 368 

T7pe,  ammonia 319 

hydrorhlorioacid 276 

-metal 891 

water- 281 

Tyrosine 914 


U. 

* 

Flmin  626 

IJltramarine 313 

UmbelUforone 91S 

UnWalent  elements 233 

Uramil 799 

Uranates 413 

Uranlte 412 

Uraninm 412 

salts,  reaction  of 414 

Uranotantalito 40.i 

Urea 786 

formation  of,  from  am- 
monium cyanate ....  460, 
610,786 

Ureas,  eomponnd 790 

Ureldes 794 

bases  related  to  the 977 

Uriq  aoid 794 


V. 

Yaenam  pans,  for  evapo- 

ration  of  syrup 62^ 

Valeutinite 389 

Valeramido  (Iso-) 776 

Valerates  (iso-) 705 

Valeric  alaehydes 672 

coumarin 916 

Yaleronltril 6Tf 

Valeryleue 612 

Valylene 613 

Vanadium 399 

Vanillic  alcobol 886 

Vanillin 891 

Vapor,  electricity  of 109 

Vapor  of  water,  tension 

of 67,60 

yapor-denfiitie4,  anomal- 
ous  230 
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'  Vaporization,  latent  heat 

of 63 

Vapors,  eondonsation  of.  69 
determination   of  the 

density  of 67 

maximum  density  of . .  61 

tension  of.. 60 

theoretical  dousity  of.  .230 

Varec 305 

Varvlcite 437 

Venice  turpentine 969 

Voratrine  or  Veratria.. .  .083 

Veratrol 877 

Yeratrnm  Sabadlllat  ve- 

ratrio  acid  from 916 

alkaloids  from 980 

Verditer 363 

Vermilion 369 

Vinous  formeotation  . . .  .668 

Vinyl  alcohol 696 

Vinyl-bases 646 

Vinyl-benzene 821 

Vinyl  chloride,  bromide, 

and  iodide 616 

Violactin 804 

Vlriil  ine 976 

Vitriol,  blue 363 

green 423 

oil  of 106 

white a*»9 

Volatile  oils 064 

Volatility  of  metals 271 

VolUio  battery 110 

Voltameter 261 

Volume,  combination  by  228 

speollle 230 

specific,  of  organic 

compounds 684 

Vulcanite 969 


W. 

Wasb-bottle 178 

Water 137 

absorption  of  gases  by  145 

analysis  of 137 

color  of 140 

distilled 140 

expansion  of,  bT  heat.  4u 
freezing  of,  by  tbe  rapid 
evapiration  of  liquid 

ammonia 66 

hardness  of. 334 

heat  dereloped  by  frie> 

tlonof. 76 

maximum  density  of  . .  48 

not  an  electrolyte 260 

of  crystallisation 141 

oxygenated 148 

sea-,  analysis  of 140 

solvent  properties  of  .  .142 

speclflo  heat  of 61 

synthesis  of 188 

tension  of  yapor  of.  .67,  60 

-type 281 

Taper,  composition  of, 

by  volume 140 

Wax  of  bees 696 

Chinese 694,713 


Wax :  PAOB 

fossil 602 

Weight,  specific 29 

Weights,  atomic 127,  223 

tableof 2.  ,239 

Welding  of  iron 421 

of  platinum 439 

Weldon's  chlorine  process 

176 

White  lead .....385 

Wine 666 

Wire-drawing 271 

Witherite 330 

Wolfram 414 

Wollaston's  battery Ill 

Wootz 428 

Work  and  heat,  relation 

between 73 

Wrought  iron 426 

Wulfenite 417 
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Xanthamide 739 

Xantbic  acid  and  ethers. 739 

Xanthine 978 

Xanihopnrpurin 966 

Xylene,   haloid    dcriya- 

tlTcsof 828 

Xylenes 816 

nitro- S32 

Xylcnols &70 

Xylidines   and   Xylyla- 

mine 847 

Xyloldin ....6M 

Xylyl  alcohol 882 
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Yeast 667 

Yttrla 350 

Yttrium M9 

Yttro-ilmenite 405 

Yttro-tantalite 404 
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ZaiTer 434 

Zeolites 343 

Zinc 358 

alloys 350 

amalgamated 262 

carbonate 359 

chloride 358 

chloride,  action  of,  on 
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ethide,    methlde,    and 

Isopropide 661 

oxide 368 

oxyl 233 

salts,  reactions  of. 369 

sulphate 350 

sulphide 360 

Zlnkenite 390 
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Zlrconia 346 

Zirconium 346 

salts,  reactions  of. 361 
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CLOWES  (FB4VK).  AN  ELEMENTART  TREATISE  ON  PRAC- 
TICAL CHEMISTRY  AND  QUALITATIVE  INORGANIC  ANA- 
L7SIS.  Espeoiallj  adapted  for  Lab  *rafc  irj  Use.  From  the  Second 
English  Edition.  In  one  royal  12mo.  rot.  Cloth,  $2  50.  {Just 
issued.) 

CITLLESIER  (A.)  AN  ATLAS  OF  VENEREAL  DISEASES.  Trans- 
lated  and  edited  by  Frbbman  J.  Bum  stead,  M.D.  A  large  imperial 
quarto  ▼olome,  with  26  plates  containing  aboat  150  figures,  beauti- 
fully colored,  many  of  them  the  sise  of  life.  In  one  vol.,  strongly 
bound  in  cloth,  $17. 

^— — —  Same  work,  in  five  parts,  paper  covers,  for  mailing,  $3  per  part. 

07CLOPEDIA  OF  PRACTICAL  MEDICIKE.  By  Dunglison,  Forbes, 
Tweedie,  and  Conolly.  In  four  large  super-royal  octavo  volumes,  of 
3254  double-columned  pages,  leather,  raised  bands,  $15.    Cloth,  $11. 

0AMPBELU8  LIVES  OF  LORDS  KENYON,  ELLENBOROUGH.  AND 
TENTERDEN.  Being  the  third  volume  of  "Campbell's  Lives  of 
thetChief  Justices  of  England."   In  one  crown  octavo  vol.  Cloth,  $2. 

D  ALTON  (J.  C.)  A  TREATISE  ON  HUMAN  PHYSIOLOGY.  Sixth 
edition,  thoroughly  revised,  and  greatly  enlarged  and  improved,  with 
316  illustrations.  In  one  very  handsome  8vo.  vol.  of  830  pp. 
Cloth,  $5  50  ;  leather,  $6  60.     {Just  issued.) 

AVIS  (F.  H.)  LECTURES  ON  CLINICAL  MEDICINE.  Second 
edition,  revised  and  enlarged.     In  one  12mo.  vol.      Cloth,  $1  75. 

ON  dUIXOTE  DE  LA  MAKCHA.  Illustrated  edition.  In  two  hand- 
some  vols,  crown  8vo.    Cloth,  $2  50  ;  half  morocco,  $3  70. 

DEWEES  (W.  P.)  A  TREATISE  ON  THE  DISEASES  OF  FEMALES. 
With  illustrations.    In  one  8vo.  vol.  of  536  pages.     Cloth,  $3. 

DUUITT  (EOBEET).  THE  PRINCIPLES  AND  PRACTICE  OF  MO- 
DERN SURGERY.  A  revised  American,  from  the  eighth  London 
edition.  Illustrated  with  432  wood  engravings.  In  one  8ro.  vol. 
of  nearly  700  pages.     Cloth,  $4 ;  leather,  $5. 

DTTHGLISON  (BOBLET).  MEDICAL  LEXICON;  a  Dictionary  of 
Medical  Science.  Containing  a  concise  explanation  of  the  various 
subjects  and  terms  of  Anatomy,  Physiology,  Pathology,  Hygiene, 
Therapeutics,  PharmncoloRy,  Pharmacy,  Surgery,  Obstetrics,  Medical 
Jurisprudence,  and  Dentistry.  Notices  of  Climate  and  of  Mineral 
Waters;  Formulas  for  Officinal,  Empirical,  and  Dietetic  Preparations, 
with  the  accentuation  and  Etymology  of  the  Terms,  and  the  French 
and  other  Synonyroes.  In  one  very  large  royal  8vo.  vol.  New  edi- 
tion.    Cloth,  $6  50;  leather,  $7  50.     (Just  issued.) 

HUMAN  PHYSIOLOGY.    Eighth  edition,  thoroughly  revised. 

In  two  large  8vo.  vols,  of  about  1500  pp.,  with  532  illus.     Cloth,  $7. 

E  LA  BECHE'S  GEOLOGICAL  OBSERVER.    In  one  large  8vo.  vol. 
of  700  pages,  with  300  illustrations.     Cloth,  $4.   ' 

AKA  (JAMES  D.)    THE  STRUCTURE  AND  CLASSIFICATION  OF 
ZOOPHYTES.    With  illust.  on  wood.  In  one  imp.  4to.  vol.  Cloth,  $4. 
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ENCTCLOP£DIA  OF  GE06BAPHT.     In  three  large  8vo.  toIs.     Illus. 
trated  with  93  maps  and  about  1100  wood-cuts.     Cloth,  $5. 
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ERICHSEK  (JOHN).  THE  SCIENCE  AND  ART  OF  SURGERY. 
A  new  and  improved  American,  from  the  Seventh  enlarged  and 
revised  London  edition.  Revised  by  the  Author.  Illustrated  with 
863  engravings  on  wood  In  two  large  8vo.  vols.  Cloth,  $8  50; 
leather,  raised  bands,  $10  50.     {J^fow  ready.) 

■pDTHERGILL'8  PRACTITIONER'S  HANDBOOK  OP  TREATMENT 
•*-      In  one  handsome  8vo.  vol.  of  about  550  po.  Cloth,  $4.   (Juttissurd.) 

pABqUHARSON    (ROBERT)       A     GUIDE    TO    THERAPEUTICS. 
^      Edited,  with  additions,   embracing  the  U-   S.  PharmncopoeiB,  by 

Frank  Woodbury.  M.D.     In  one  neat  royal  12mo.  volume.     Cloth. 

$2.     {Nofv  ready.) 

FENWICK  (SAMtJFL).  THE  STUDENTS'  GUIDE  TO  MEDICAL 
DIAGNOSIS.  From  the  Third  Revised  and  Enlarged  London  Edi- 
tion.    In  one  vol.  royal  12mo.     Cloth,  $2  25. 

FLETCHEH'S  NOTES  FROxM  NINEVEH,  AND  TRAVELS  IN  MESO- 
POTAMIA,  ASSYRIA,  AND  SYRIA.  Inone  12mo.  vol.  Cloth.  75ct8. 

FOX  (TILBURY).  EPITOME  OF  SKIN  DISEASES,  with  Formnlie 
for  Students  and  Practitioners.    In  one  small  12mo.  vol.    Cloth,  $1. 

FLINT  (ATJflTIN).  A  TREATISE  ON  THE  PRINCIPLES  AND 
PRACTICE  OF  MEDICINE.  Fourth  edition,  thoroughly  revised 
and  enlarged.  In  one  large  8vo.  volume  of  1070  pages.  Cloth,  $6  ; 
leather,  raised  bands,  $7.     (Just  issued.) 

A  PRACTICAL  TREATISE  ON  THE  PHYSICAL  EXPLORA- 

TION  OF  THE  CHEST,  AND  THE  DIAGNOSIS  OF  DISEASES 
AFFECTING  THE  RESPIRATORY  ORGANS.  Second  and  revised 
edition      One  8vo.  vol.  of  595  pages.     Cloth,  $4  50. 

APRACTICALTREATISEONTHB  DIAGNOSIS  ANDTREAT- 

MENT  OF  DISEASES  OF  THE  HEART.  Second  edition,  enlarged. 
In  one  nent  8vo.  vol.  of  over  500  pages,  $4  00. 

ON  PHTHISIS:  ITS  MORBID  ANATOMY,  ETIOLOGY,  etc. 

iu  a  series  of  Clinical  Lectures.  A  new  work.  In  one  handsome  8vo. 
volume.     Cloth,  $.3  50.     (Just  issued  ) 

A  MANUAL  OF  PERCUSSION  AND  AUSCULTATION ;  of  the 

Physical  Diagnosis  of  Diseases  of  the  Lungs  and  Heart,  and  of  Thn. 
rncic  Aneurism.  In  one  handsome  royal  12mo.  volume.  Cloth, 
$1   75.     (Just  issued.) 

MEDICAL  ESSAYS      In  one  nent  12mo  volume.     Cloth.  $188. 


FdWNES  (GEORGE).  A  MANUAL  OF  ELEMENTARY  CHEMISTRY. 
From  the  ten th.enlarged  English  edition  In  one  royal  12mo.  vol.  of 
857  pages,  with  107  illustrations.     Cloth,  $2  75  ;  leather,  $3  25. 

FULLER  (KENEY).  ON  DISEASES  OF  THE  LUNGS  AND  AIR 
PASSAGES.  Their  Pathology,  Physical  Diagnosis,  Symptoms,  and 
Trentraent.  From  the  second  English  edition.  In  one  8vo.  vol. 
of  about  500  pages.     Cloth,  $3  50. 

GLUOE  (GOTTLIEB).  ATLAS  OF  PATHOLOGICAL  HISTOLOGY. 
Translated  by  Joseph  Leidy,  M.D.,  Professor  of  Anatomy  in  the 
University  of  Pennsylvania,  Ac.  In  one  vol.  imperial  quarto,  with 
320  copperplate  figures,  plain  and  colored.     Cloth.  $4. 

GRFFN  (r.  HENR'V)  AN  INTRODUCTION  TO  PATHOLOGY  AND 
MORBID  ANATOMY.  Second  Amer.,  from  the  third  Lond.  Ed. 
In  one  handsome  8vo.  vol.,  with  numerous  illustrations.  Cloth, 
$2  75.  {Jtift  is i tied,) 
HhTl  (HENRY).  ANATOMY,  DESCRIPTIVE  AND  SURGICAL. 
A  new  Americnn,  from  the  fifth  and  enlarged  London  edition.  In  one 
large  imperial  8vo.  vol.  of  about  900  pages,  with  462  large  and  elabo- 
rate engravings  on  wood.     Cloth,  $6;  leather,  $7.     (lately  issued.) 
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GBIFFITH  (BOBERT  E.)  A  UNIVERSAL  FORMULARY,  CON- 
TAINING THE  METHODS  OF  PREPARING  AND  ADMINISTER- 
ING OFFICINAL  AND  OTHER  MEDICINES.  Third  and  Enlarged 
Edition.  Edited  by  John  M.  Maisch.  In  one  large  8to  vol  of  800 
pages,  doable  oolumns.     Cloth,  $4  50 ;  leather,  $5  50. 

GROSS  (SAMUEL  D.)  A  SYSTEM  OF  SURGERY,  PATHOLOGICAL, 
DIAGNOSTIC,  THERAPEUTIC,  AND  OPERATIVE.  Illustrated 
by  1403  engravings.  Fifth  edition,  revised  and  improved.  In  two 
large  imperial  8vo.  vols,  of  over  2200  pages,  strongly  boand  in 
leather,  raised  bands,  $15. 

QBOSS  (SAMUEL  D.)  A  PRACTICAL  TREATISE  ON  THE  DIS- 
^  eases,  Injaries,  and  Malformations  of  the  Urinary  Bladder,  the  Pros- 
tate Glnnd,  and  the  Urethra.  Third  Edition,  thoronghly  Revised 
and  Condensed,  by  Samuel  W.  Gross,  M.D.,  Burgeon  to  the  Phila- 
delphia Hospital.  In  one  handsome  octavo  volume,  with  aboat  two 
hundred  illustrations.     Cloth,  $4  50.     {Just  issued.) 

A  PRACTICAL  TREATISE  ON  FOREIGN  BODIES  IN  THE 


AIR  PASSAGES.    In  one  8vo.  vol.  of  468  pages.    Cloth,  $2  75. 

GIBSOK'S  INSTITUTES  AND  PRACTICE  OF  SURGERY.  In  two  8vo. 
vols,  of  about  1000  pages,  leather,  $6  50. 

G088ELIN  (L  )     CLINICAL  LECTURES  ON  SURGERY.     Delivered 
at  the  Hospital  of  La  Charity     Translated  from  the  French  by  Lewis 
A.  Stimcon,  M.D.,  Surgeon  to  the  Presbyteri.in  Hospital,  New  York. 
With  illustrations.     {Publishing  in  the  Medical  News  and  Library 
for  1876-8.) 

HAMILTON  (ALLAN  McLANT).  NERVOUS  DISEASES,  THEIR 
DESCRIPTION  AND  TREATMENT.  In  one  handsome  8vo.  vol. 
of  about  600  pp.,  with  48  illustrations.     {In  press,) 

HEATH  (CHRT8T0PHEB) .  PRACTICAL  ANATOMY ;  A  MANUAL 
OP  DISSECTIONS.  With  addition?,  by  W.  W.  Keen,  M.  D.  In  I 
volume  ;  with  247  illustrations.     Cloth,  $3  50  ;  leather,  $4. 

HART8H0RNE  (HENRY).  ESSENTIALS  OF  THE  PRINCIPLES 
AND  PRACTICE  OF  MEDICINE.  Fourth  and  revised  edition. 
In  one  12mo.  vol.    Cloth,  $2  63 ;  half  bound,  $2  88.    {Lately  issued  ) 

—  CONSPECTUS  OF  THE  MEDICAL  SCIENCES.  Comprising 
Manuals  of  Anatomy,  Physiology,  Chemistry,  Materia  Mediea,  Prac- 
tice of  Medicine,  Surgery,  and  Obstetrics.  Second  Edition.  In  one 
royal  12mo.  volume  of  over  1000  pnges,  with  477  tllustrationa. 
Strongly  bound  in  leather,  $5  00 ;  cloth,  $4  25.     {Lately  issued.) 

A  HANDBOOK  OF  ANATOMY  AND  PHYSIOLOGY.     In  one 

neat  royal  ]2mo.  volume,  with  many  illustrations.     Cloth,  $1  76. 

HAMILTON  (FRANK  H.)  A  PRACTICAL  TREATISE  ON  FRAO- 
TURES  AND  DISLOCATIONS.  Fiah  edition,  carefully  revised. 
In  one  handsome  8vo.  vol.  of  830  pages,  with  344  illustrations.  Cloth, 
$5  75  ;  leather,  $5  75.     {Just  issued.) 

HOLMES  (TIMOTHY).  SURGERY.  ITS  PRINCIPLES  AND  PRAC- 
TICE. In  one  handsome  8vo.  volume  of  1000  pages,  with  411  illus- 
trations.    Cloth,  $6;  leather,  with  rnised  bands,  $7.     {Just  ready.)' 

HOBLYN  (RICHARD  D.)  A  DICTIONARY  OF  THE  TERMS  USED 
IN  MEDICINE  AND  THE  COLLATERAL  SCIENCES  In  one 
12mo.  volume,  of  over  500  double-columned  pages.  Cloth,  $1  50; 
leather,  $2. 
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rrOLDEH  (LUTHEH).    LANDMARKS,  MEDICAL  AND  SURGICAL. 
■'-'•    From  Second   EngHeh   Edition.     In   one   royal  12ino.  vol.  of  128 
pages.     Cloth,  88  cents.     {Now  ready.) 

HUDSON  (A.)  LECTURES  ON  THE  STUDY  OF  FEVER.  1  vol. 
8yo.,  316  pages.     Cloth,  $2  50. 

HODGE  rHUGH  L.)  ON  DISEASES  PECULIAR  TO  WOMEN,  IN- 
CLUDING  DISPLACEMENTS  OP  THE  UTERUS.  Second  and 
revised  edition.     In  one  8vo.  volume.     Cloth,  $4  50. 

THE  PRINCIPLES  AND  PRACTICE  OP  OBSTETRICS.    Illuji". 

trated  with  large  lithographic  plates  containing  159  figures  from 
original  photographs,  and  with  numerous  wood-outs.  In  one  large 
quarto  vol.  of  550  double-columned  pages.  Strongly  bound  in  cloth, 
$14. 

HOLLAND  (Sni  HENRY).  MEDICAL  NOTES  AND  REFLECTIONS. 
From  the  third  English  edition.  In  one  8vo.  vol.  of  about  500  pages. 
Cloth,  $3  50. 

HODGES  (RICHARD  M.)  PRACTICAL  DISSECTIONS.  Second  edi. 
tion.    In  one  neat  royal  12mo.  vol.,  half  bound,  $2. 

HUGHES.  SCRIPTURE  GEOGRAPHY  AND  HISTORY,  with  12 
colored  maps.    In  1  vol.  12mo.     Cloth,  $1. 

ITOBNElt  (WILLIAM  E.)     SPECIAL  ANATOMY  AND  HISTOLOGY. 
■"^  Eighth  edition,  revised  and  modified.     In  two  large  8vo.  vols,  of  over 
1000  pages,  containing  300  wood-cuts.    Cloth,  $6. 

HILL  (BERKELEY).  SYPHILIS  AND  LOCAL. CONTAGIOUS  DIS- 
ORDERS.   In  one8vo.  volume  of  467  pages.     Cloth,  $3  25. 

HILLIER  (THOMAS).  HAND-BOOK  OF  SKIN  DISEASES.  Second 
Edition.  In  one  neat  royal  12mo.  volume  of  about  300  pp.,  with  two 
plates.     Cloth,  $2  25 

HALL  (MRS.  M.)  LIVES  OF  THE  QUEENS  OF  ENGLAND  BEFORE 
THE  NORMAN  CONQUEST.  In  one  handsome  8vo.  vol.  Cloth. 
$2  25;  crimson  cloth,  $2  50;  half  morocco.  $3. 

JONES  (C.  HANDFIELD).  CLINICAL  OBSERVATIONS  ON  FUNC 
TIONAL  NERVOUS  DISORDERS.  Second  American  Edition.  In 
one  8vo.  vol.  of  348  pages.     Cloth,  $3  25. 

KIRKES  (WILLIAM  SENHOTTSE).  A  MANUAL  OF  PHYSIOLOGY. 
A  new  Amerienn,  from  the  eighth  London  edition.  One  vul  ,  with 
many  illus.,  12mo.     Cloth,  $3  25;  leather,  %?*  75. 

KNAPP  (F.)  TECHNOLOGY;  OR  CHEMISTRY,  APPLIED  TO  THE 
ARTS  AND  TO  MANUFACTURES,  with  American  additions,  by 
Prof.  Walter  R.  Johnson.    In  two  8vo.  vols.,  with  500111.    Cloth,  $6. 

KENNEDY'S  MEMOIRS  OF  THE  LIFE  OP  WILLIAM  WIRT.  In 
two  vols.  12mo.    Cloth,  $2. 

LEA  (HENRY C.)  SUPERSTITION  AND  FORCE;  ESSAYS  ON  THE 
WAGER  OF  LAW,  THE  WAGER  OF  BATTLE.  THE  ORDEAL, 
AND  TORTURE.  Third  edition,  thoroughly  revised  and  enlarged. 
In  one  handsome  royal  12mo.  vol.     {In press.) 

STUDIES  IN  CHURCH  HISTORY.     The  Rise  of  the  Temporiil 

Power — Benefit  of  Clergy — Excommunication.  In  one  handsome 
12rao.  vol.  of  615  pp.     Cloth,  S2  75. 

AN  HISTORICAL  SKETCH   OF  SACERDOTAL  CELIBACY 

IN  THE  CHRISTIAN  CHURCH.  In  one  handsome  octavo  volume 
of  G02  pages.     Cloth,  $3  75. 
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T  IHCOLir  CD.  F.)     ELECTRO.THERAPEUTICS.     A  CondeiiFeil  Man. 
•"    ual  of  Medical  Electricity.     In  one  neat  royal  ]2mo.  Tolaioe,  with 
illucitrations.     Cloih,  $1  50.     {Just  iss?ted,) 

T  EE  lEESni)  ON  SYPHILIS.     In  one  8yo.  toI.     Cloth,  $2  25. 

LA  BOCHE  (U.)     YELLOW  FEVER.     In  two  870.  toU.  of  nearly  1500 
pages.     Cloth.  $7. 
PNEUMONIA.    In  one  8ro.  vol.  of  500  pages.     Cloth,  $3. 


LEISHXAN  (WriLLIAM).  A  SYSTEM  OF  MIDWIFERY.  Inelad. 
ing  the  Di^en^es  of  Pregnancy  and  the  PaerpernI  State.  Second 
American,  from  the  Second  English  Edition.  With  additions,  hy 
J.  S.  Parry,  M.D.  In  one  very  handsome  8to.  vol.  of  SOU  pages  and 
200  illustrations.     Cloth,  $5  ;  leather,  $6.     (Just  tuned.) 

LATTREKCE  (J.  Z.)  AKD  MOOK  (ROBERT  C.)  A  HANDY-BOOK 
OF  OPHTHALMIC  SURGERY.  Second  edition,  revined  by  Mr. 
Laurence.     With  numerous  illus.     In  one  8vn.  vol.     Cloth.  $2  75. 

LEHMAKH  (C.  G.)  PHYSIOLOGICAL  CHEMISTRY.  Translated  by 
George  F.  Day,  M.  D.  With  plates,  and  nearly  200  illustrations. 
In  two  large  8vo.  vols.,  containing  1200  pages.     Cloth,  $6. 

A    MANUAL  OF   CHEMICAL   PHYSIOLOGY.     In  one  very 

handsome  8vo.  vol.  of  336  pages.     Cloth,  $2  25. 

LAWROK  (f>E0BOE).  INJURIES  OF  THE  EYE,  ORBIT,  AND  EYE- 
LIDS, with  about  100  illustrations.  From  the  last  English  edition. 
In  one  handsome  8vo.  vol.     Cloth,  $3  50. 

LUDLOW  (r.  L.)  A  MANUAL  OF  EXAMINATIONS  UPON  ANA- 
TOMY, PHYSIOLOGY.  SURGERY,  PRACTICE  OF  MEDICINE. 
OBSTETRICS.  MATERIA  MEDICA,  CHEMISTRY,  PHARMACY, 
AND  THERAPEUTICS.  To  which  is  added  a  Medical  Formulary. 
Third  edition.  In  one  royal  12mo.  vol.  of  over  800  pages.  Cloth, 
$3  25  ;  leather,  $3  75. 

LYNCH  (W.  P.)     A  NARRATIVE  OF  THE  UNITED  STATES  EX- 
PEDITION  TO  THE  DEAD  SEA  AND  RIVER  JORDAN.     In  one 
large  octavo  vol.,  with  28  beautiful  plates  and  two  maps.    Cloth,  $3. 
— — ^  Same  Work,  condensed  edition.   One  vol.  royal  I2mo.   Cloth,  $1. 

LY0K8  (^OBEBT  D.)  A  TREATISE  ON  FEVER.  In  one  neat  8vo. 
vol.  of  362  pages.     Cloth,  $2  25. 

MaiGS  (0WA8.  D  ).  ON  THE  NATURE,  SIGNS,  AND  TREATMENT 
OF  CHILDBED  FEVER.     In  one  8vo.  vol.  of  365  pages.     Cloth,  $2. 

MILLER  (JAMES).  PRINCIPLES  OF  SURGERY.  Fourth  American, 
from  the  third  Edinburgh  edition.  In  one  large  8vo.  vol.  of  700 
pages,  with  240  illustriitions.     Cloth,  $3  75. 

THE  PRACTICE  OF  SURGERY.     Fourth  American,  from  the 

Insl  Edinburgh  edition.  In  one  large  8vo.  vol.  of  700  pages,  with 
.364  illustrations.     Cloth,  $3  75. 

M)NTGOXERY  (W.  F.)  AN  EXPOSITION  OF  THE  SIGNS  AND 
SYMPTOMS  OF  PREGNANCY.  From  the  second  English  edition. 
In  one  handsome  8vo.  vol.  of  nearly  600  pages.     Cloth,  $3  75. 

MILLER  (J.)  PRINCIPLES  OF  PHYSICS  AND  METEOROLOGY. 
In  one  large  8vo.  vol.  with  550  wuod-cuts,  and  two  colored  platea. 
Cloth,  $4  50. 

lUrCRABEAU;  A  LIFE  HISTORY.     In  one  12mo.  vol.     Cloth,  75cto.' 
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i2mo.     Cloth,  $2. 
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EILL  (JOHN)  AND  SMITH  (FRAKGI8  Q.)  COMPENDIUM  OF 
THE  VARIOUS  BRANCHES  OF  MEDICAL  SCIENCE.  In  one 
handsome  12mo.  vol.  of  about  1000  pages,  with  374  wood-cuts. 
Cloth,  $4;  leather,  raised  hands,  $4  75. 

N£LIGAN(J.MOOSE).  AN  ATLAS  OF  CUTANEOUS  DISEASES.  Iii 
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PLAYFAIR  (W.  8  )  A  TREATISE  ON  THE  SCIENCE  AND  PRAC- 
TICE OP  MIDWIFERY.  In  one  handsome  octavo  vol.  of  67fi  pp., 
with  166  illustrations,  and  two  plates.  Cloth,  $4;  leather,  $5. 
(Just  issued.) 

PAVY  (F.  W.)  A  TREATISE  ON  THE  FUNCTION  OF  DIGESTION. 
ITS  DISORDERS  AND  THEIR  TREATMENT.  From  the  second 
London  ed.     In  one  8vo.  vol.  of  246  pp.    Cloth,  $2. 

A  TREATISE   ON   FOOD  AND   DIETETICS,  PHYSTOLOGI- 

CALLY  AND  THERAPEUTICALLY  CONSIDERED.     In  one  neat 
octavo  volume  of  about  500  pnges.     Cloth,  $4  75.     {Jiist  issued.) 

PiREISH  (EDWARD).  A  TREATISE  ON  PHARMACY.  With  many 
Formulae  and  Prescriptions.  Fourth  edition.  Enlarged  and  thoroughly 
revised  by  Thomas  S.  Wiegand.  In  one  handsome  8vo.  vol.  of  977 
pages,  with  280  illus.     Cloth,  $5  50  ;  leather,  is6  50. 

PIRRIE  (WILLIAM)  THE  PRINCIPLES  AND  PRACTICE  OF  SUR- 
GERY. In  one  handsome  octavo  volume  of  780  pages,  with  316 
illustrations.     Cloth,  $3  75. 

PITLSZKY'S  MEMOIRS  OF  AN  HUNGARIAN  LADY.  In  one  neat 
royal  12mo.  vol.     Cloth,  $1. 

PAGET'B  HUNGARY  AND  TRANSYLVANIA.  In  two  royal  12mo. 
vols.     Cloth,  $2. 

REMSEN  (IRA).  THE  PRINCIPLES  OF  CBEMISTRY.  In  one 
handsome  l2mo.  vol      Cloth,  91  50.     f{Just  issved,) 

ROBERTS  (WILLIAM).  A  PRACTICAL  TREATISE  ON  URINARY 
AND  RENAL  DISEASES.  A  second  American,  from  the  second 
London  edition.  With  numerous  illustrations  and  a  colored  pinte. 
In  one  very  handsome  8vo.  vol.  of  616  pnges.     Cloth,  $4  50. 

RAMBBOTHAM  (FRANCIS  H.)  THE  PRINCIPLES  AND  PRAC- 
TICE  OF  OBSTETRIC  MEDICINE  AND  SURGERY.  In  one  im- 
perial 8vo.  vol.  of  650  pages,  with  64  plates,  besides  numerous  wood- 
outs  in  the  text.     Strongly  bound  in  leather,  $7. 

RIGBY  (EDWARD).  A  SYSTEM  OF  MIDWIFERY.  Second  Ameri- 
can  edition.    In  onehandsome  8vo.  vol.  of  422  pages.    Cloth,  $2  50. 

RANKE'S  HISTORY  OF  THE  TURKISH  AND  SPANISH  EMPIRES 
in  the  16th  and  beginning  of  17th  Century.  In  one  8vo.  volume, 
paper,  25  cts. 

HISTORY  OF  THE  REFORMATION  IN  GERMANY.    Parts  I., 

II.,  III.     In  one  vol.     Cloth,  $1. 

S CHAFER  (EDWARD  ALBERT).  A  COURSE  OF  PRACTICAL  HIS- 
TOLOGIT:  A  Manual  of  the  Microscope  for  Medical  Students.  In 
onehandsome  octavo  vol.  With  many  illust.  Cloth,  $2.    (Jiisf  Issueri.) 

SMITH  (HENRY  H.)  AND  HORNER  (WILLIAM £.)  ANATOMICAL 
ATLAS.  Illustrative  of  the  structure  of  the  Human  Body.  In  one  large 
imperial  8yo.  vol.,  with  about  650  beautiful  figures.     Cloth,  $4  50. 
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STIHSON  (LEWIS  A.)  A  MANUAL  OF  OPERATIVE  SURQERY- 
In  one  very  handsome  royal  12nio  yolame  of  about  600  pages,  with 
over  300  illustrations.     {Jn press.) 

S WAYNE  (JOSEPH  GRIFFITHS).  OBSTETRIC  APHORISMS.  A 
new  American,  from  the  fifth  revised  English  edition.  With  addi- 
tions by  E.  R.  Hutchins,  M.  D.  In  one  small  12mo.  vol.  of  177  pp., 
with  illustrations.     Cloth,  $1  25. 

STUBGES  (OCTAVITTS).  AN  INTRODUCTION  TO  THE  STUDY 
OF  CLINICAL  MEDICINE.     In  one  ]2mo.  vol.     Cloth,  $1   25. 

SHALL  BOOKS  OK  GREAT  SUBJECTS.  Twelve  works  {  each  one  10 
cents,  sewed,  forming  a  neat  and  cheap  series  ;  or  done  up  in  3  vols., 
cloth,  $1  50. 

SMITH  (EUSTACE).  ON  THE  WASTING  DISEASES  OF  CHILDREN. 
Second  American  edition,  enlarged.     In  oneSvo.  vol.     Cloth,  $2  50. 

SARGENT  (F.  W.)  ON  BANDAGING  AND  OTHER  OPERATIONS 
OF  MINOR  SURGERY.  New  edition,  with  an  additional  chapter 
on  Military  Surgery.  In  one  handsome  royal  12mo.  vol.  of  nearly 
400  pages,  with  184  wood -cuts.     Cloth,  $1  75. 

SVITH  (J.  LEWIS.)  A  TREATISE  ON  THE  DISEASES  OF  IN. 
FANCY  AND  CHILDHOOD.  Third  Edition,  revised  and  enlarged. 
In  one  large  Svo.  volume  of  724  pages,  with  illustrations.  Cloth, 
$5  ;  leather,  $6.     {Just  issued.) 

SHARFEY  (WILLIAM)  AND  QUAIH  (JONER  AND  RICHARD). 
HUMAN  ANATOMY.  With  notes  and  additions  by  Jos.  Leidy, 
M.D.,  Prof,  of  Anatomy  in  the  University  of  Pennsylvania.  In  two 
large  8vo.  vols  of  about  1300  pages,  with  51 1  illustrations.     Cloth,  $6. 

SKEY  (FREDERIC  C.)  OPERATIVE  SURGERY.  In  one  Svo.  rol. 
of  over  650  pages,  with  about  100  wood-cuts.     Cloth,  $3  25. 

SLADE  (D.  D.)  DIPHTHERIA  ;  ITS  NATURE  AND  TREATMENT. 
Second  edition.     In  one  neat  royal  12mo.  vol.     Cloth,  $1  25. 

SMITH  (EDWARD).  CONSUMPTION ;  ITS  EARLY  AND  REMR. 
DIABLE  STAGES.     In  one  Svo.  vol.  of  254  pp.     Cloth,  $2  25. 

SCHMITZ  AND  ZUMPrS  CLASSICAL  SERIES.     In  royal  18mo. 
CORNELII  NEPOTIS  LIBER  DE  EXCELLENTIBUS  DUCIBU8 
EXTERARUM  GENTIUM,  CUxM  VITIS  CATONia  ET  ATTICI. 
With  notes,  &c.     Price  in  cloth,  60  cents;  half  bound,  70  cts. 

C.  I.  C^SARIS  COMMENTARII  DE  BELLO  GALLICO.  With  notes, 
map,  and  other  illustrations.     Cloth,  60  cents;  half  bound,  70  cents. 

C.  C.  SALLUSTII  DE  BELLO  CATILINARIO  BT  JUGURTHINO. 
With  notes,  map,  &o.     Price  in  cloth,  60  cents ;  half  bound,  70  cents. 

Q.  CURTII  RUFII  DE  GESTIS  ALEXANDRI  MAGNI  LIBRI  VIII. 
With  notes,  map,  Ac.     Price  in  cloth,  80  cents  ;  half  bound,  90  cents. 

P.  VIRGILII  MARONIS  CARMINA  OMNIA.  Price  in  cloth,  85 
cents;  half  bound,  $1. 

M.  T.  CICERONIS  ORATIONES  SELECTS  XIL     With  notes,  Ac. 

Price  in  cloth,  70  cents;  half  bound,  80  cents. 

ECLOGiE  EX  Q.  HORATII  FLACCI  POEMATIBUS.  With  notes, 
Ac.     Price  in  cloth,  70  cents;  half  bound,  80  cents. 

ADVANCED  LATIN  EXERCISES,  WITH  SELECTIONS  FOR 
READING.     Revised.     Cloth,  price  60  cents  ;  half  bound,  70  cents. 
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S  TILLS  (ALFBEB).  THERAPEUTICS  AND  MATERIA  MEDIC  A. 
Fo'irth  edition,  revised  and  enlarged.  In  two  large  and  handsome 
volumes  8 vo.     Cloth,  $10;  lenther,  $12.     {Just  iss tied.) 

STILLE  (ALFRED)  AND  MAISCH  (JOHN  M)  THE  NATIONAL 
DISPENSATORY:  Embracing  the  ChemUtry,  Botany,  Materia 
Medica,  Pbarmsov,  Pharmaoodynamicfi,  and  There peut'cs  rif  the 
Pharmncopoeias  of  the  United  States  and  Great  Britain.  For  the 
Use  of  Physicians  and  Ph^rmaoentiets.  In  one  handsome  8vo.  7ol., 
with  numerous  illustrations.     {Tu  press,) 

SCHOEDLER  (FREDERICK)  AND  MEDLOCK  (HENRY).  WONDERS 
OF  NATURE.  An  elementary  introduction  to  the  Sciences  of  Physics, 
Astronomy,  Chemistry,  Mineralogy,  Geologj,  Botany.  Zoology, 
and  Physiology.  Translated  from  the  Oerroan  by  H.  Medlock.  In 
one  neat  8vo.  vol.,  with  679  illustrations.    Cloth,  $3. 

OTOKES  (W  )     LECTURES  ON  FEVER.    In  one  8vo.  vol.    Cloth,  $2. 

STRICKLAND  (AGNES).  LIVES  OF  THE  (JUEENS  OF  HENRY 
THE  VIII.  AND  OF  HIS  MOTHER.  In  one  crown  octavo  vol., 
extra  cloth,  $1 ;  block  cloth,  90  cents. 

MEMOIRS  OF  ELIZABETH,  SECOND  QUEEN  REGNANT  OF 

ENGLAND  AND  IRELAND.  In  onecrown  octavo  vol.,  extracloth, 
$1  40;  black  cloth,  $1  30. 

TINNER  (THOMAS  HAWKEP).  A  MANUAL  OF  CLINICAL  MEDI- 
CINE  AND  PHYSICAL  DIAGNOSIS.  Third  American  from  the 
second  revised  English  edition.  Edited  by  Tilbury  Fox,  M.  D.  In 
one  handsome  12mo.  volume  of  36f)  pp.     Cloth,  $1  50. 

ON  THE  SIGNS  AND  DISEASES  OF  PREGNANCY.     From 

the  second  English  edition.  With  four  colored  itlntes  and  numerous 
illustrations  on  wood.  In  one  vol.  8vo.  of  about  500  pages.  Cloth, 
$4  25. 

TUKF  (DANIEL  HACK)  INFLUENCE-OF  THE  MIND  UPON  THE 
BODY.     In  one  handsome  8vo   vol.  of  416  pp.    Cloth,  $3  25. 

TAYLOR  (ALFRED  8.)  MEDICAL  JURISPRUDENCE.  Seventh 
American  edition.  Edited  by  John  J.  Reese,  M.D.  In  one  Inrge 
8vo.  volume  of  879  pnges.     Cloth,  $5:  leather,  $6.     {Just  issued.) 

PRINCIPLES  AND  PRACTICE  OF  MEDICAL  JURISPRU- 
DENCE., From  the  Second  English  Edition.  In  two  large  8vo. 
vols.     Cloth,  $10;  leather,  $12.     {Just  issued.) 

ON  POISONS  IN  RELATION  TO  MEDICINE  AND  MEDICAL 


JURISPRUDENCE.  Third  American  from  the  Third  London  Edi. 
tion.  1  vol.  8vo.  of  788  pnges,  with  104  illustrations.  Cloth,  $5  50  ; 
leather,  $6  50.     {Jitst  issued.) 

THOMAS  (T.  OAILLARD).  A  PRACTICAL  TREATISE  ON  THE 
DISEASES  OF  FEMALES.  Fourth  edition,  thoroughly  revi.«ed. 
In  one  large  and  handsome  octavo  volume  of  801  pages,  with  191 
illustrations.     Cloth,  $5  00;  leather,  $6  00.     {Just  issued.) 

T3DD  (ROBERT  BEHTLEY).  CLINICAL  LECTURES  ON  CERTAIN 
ACUTE  DISEASES.    In  one  vol.  8vo.  of  320  pp.,  cloth,  $2  50. 

THOMPSON  (SIR  HENRIT).  CLINICAL  LECTURES  ON  DISEASES 
OF  THE  URINARY  OKGANS.  Second  and  revised  edition.  In 
one  8vo.  volume,  with  illustrations.     Cloth,  $2  25.     {Just  issued.) 

THE  DISKASES  OF  THE  PROSTATE,  THEIR  PATHOLOGY 

AND  TREATMENT.  Fourth  edition,  revised.  In  one  very  hand- 
some 8vo.  vol.  of  355  pp.,  with  13  plates.     Cloth,  $3  75. 


